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1.0 FISHING VESSEL EQUIPMENT AND PROCEDURE 
The following information was collected via personal communication with several 
helpful industry members. 
 

1.1 HARVESTING  
On a typical herring boat the net is brought alongside the boat and a vacuum pump is 
lowered into the net to draw the fish out of the net and onto the boat. The catch enters the 
boat through a “bell” (Figure 1) and are pumped through a series of tubes and pipes 
(Figure 2).  
 

 
Figure 1. A bell, the beginning of the pumping process on a herring vessel 
 

 
Figure 2. Example of tubing used for pumping fish 
 
The catch is first drawn across a de-watering box (Figure 3, Figure 4) where some of the 
water that the pump brought on board with the fish is removed. If there are a number of 
particularly small fish in the catch then the de-watering box mesh may get clogged, and 
the efficiency of water removal decreases (Figure 5). From the dewatering box a series of 
metal chutes are employed which can be blocked off in differing areas to force the catch 
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in different directions (Figure 3, Figure 6), in order to channel the catch to different 
holding tanks (Figure 7).  
 

 
Figure 3. One vessel’s system for pumping fish, where fish would move from the bell (A), through the 
extendable tubing (B) to the de-watering box (C) and through a series of metal chutes to various 
holding tanks. The arrows demonstrate the movement of fish, while the chute marked (D) 
channelizes the removed water off the boat 
 

 
Figure 4. A De-watering box on another vessel, from the front 

A 

B C 
D 
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Figure 5. Detail of the lower half of a de-watering box, demonstrating how small marine life and 
detritus can catch and clog on the mesh 
 

 
Figure 6. A different boat’s metal chutes, used to channelize the fish to the different holds (A, B, C), 
with one side closed off (D) 

D 

A 

B C 
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Figure 7. Detail of channelization (A) into the holding tank (B)   
 
Once in the holding tank cold water is employed to keep the fish fresh (Figure 8, Figure 
9). Some boats will dewater the tank out at sea to get rid of the enzymes from the 
herring’s stomachs and re-fill the holding tank with fresh water. The enzymes can build 
up in warm water and cause the fish to decompose and potentially lose their skin.  
 

 
Figure 8. A holding tank, empty 
 

A 

B 
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Figure 9. A full holding tank, with fish and water 
 

1.2 OFFLOADING 
Once the boat docks, the fish are pumped back out of the hold onto shore; in some ports a 
pump which is separate from the vessel, typically located on the dock, is employed to 
move the fish off of the vessel (Figure 10) and in other ports the vessel has to reverse the 
boat pump. During offloading a series of tubes and pipes are employed to move the fish 
(Figure 11). This process varies with different boats and different ports, but in most cases 
the fish run back over another de-water box and out to fill up either containers or trucks 
(Figure 11, Figure 12, and Figure 13).  
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Figure 10. This pump, situated on a dock,  is used to move the herring from the boat and into the de-
watering box and eventually a truck or container, situated portside. 
  

 
Figure 11.  When a boat offloads at this port the herring move in the pipes, some 20 feet off the 
ground (yellow arrow), into the dewatering box (A) and then into a truck (not pictured).  
 

A 
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Figure 12.  At this port herring are unloaded from the vessel, into tubes on the dock (A), up through 
another tube and into a dewatering box (B). Trucks drive under the end of the dewatering box (C) 
and fish are dumped into containers or the truck itself (not pictured).  
 

 
Figure 13. A de-watering box with fish on their way to the truck 

A 

B 
C 
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The containers and trucks vary in size and dimensions that depend on the buyer, location, 
and time of year(Figure 14 and Figure 15). Truck sizes can range from 18 wheel trucks to 
box trucks, and containers can vary from bags to large bait containers (Figure 16). Some 
extended, 22 wheel trucks may also be employed to carry the herring.  
 

 
Figure 14. Trucks picking up herring in Portland, ME clog the streets as they wait to be filled. 
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Figure 15. A flatbed truck carrying bait containers as it is being filled from the de-watering box. A 
man holds a tube in place to direct the flow of herring. 
 

 
Figure 16. Bait containers wait to be filled on the side of the dock. 
 
Although the de-watering box gets rid of some water,  this process in not very thorough 
and some of the water stays with the fish (Figure 17 and Figure 18). Some trucks will pull 
aside, allow the water to flow out of the truck and the fish to settle, and then will come 
back to be filled further (Figure 19 and Figure 20). With current regulations most boats 
can only land their fish two days out of the week, and therefore the scene at the dock can 
be crowded and hectic during those days, and deserted on other days (Figure 21 and 
Figure 14).  
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Figure 17. Herring and water are pumped into a bait container  
 

 
Figure 18. Filled bait containers to the point of overflowing. 
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Figure 19. A bait truck waits to de-water after the truck is filled with herring. 
 

 
Figure 20. The amount of water discharged  from a bait truck after being filled with herring for only 
a few minutes. 
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Figure 21. Trucks line up down the road, all waiting to be filled with herring. 
 
Ice is occasionally employed for keeping fish cool within a truck; however the cold water 
systems on the vessels maintain temperatures for long enough to ensure the quality of fish 
for bait purposes. If the herring are for human consumption, ice will likely be used. The 
filled trucks can be destined for many locations from down the street to several states 
away. Buyers of herring differ based on the seasons, and therefore so do the destinations. 
 
Payment is typically received after the fish arrives at a destination, when the two parties 
will agree on how many pounds of fish were received. The number of pounds purchased 
may be agreed upon based on assumed volumes, which come from the container or truck 
used, and herring are not often weighed. A typical assumption used by captains and 
buyers is that 5% of the estimated volume of fish once in the containers is comprised of 
only water.  
 

1.3 EQUIPMENT 
Although the sizes of the vessels and the holding tanks therein differ, the size of hose or 
pipe used is relatively standard. Similarly, the de-watering boxes tend to be the same on 
the vessels, although on land they come in much larger sizes.  
 

Vessel Pump Company
Pump Rate 
(tons/hour)

Extreme 
Rates # Pumps

1 Ryco 100 150 2
2 Trans Vac 50 60 1
3 Trans Vac 60 70 1
4 Ryco 60 70 1
5 Combo/self made 72 - 1  

Table 1.  Visited vessels pump specifications. Pump rates vary, and depend on the incline of the pipe 
or tube used; the steeper the incline the slower the pumping. Likewise, size of the fish will change the 
rate of the pump. Both the FV Sunlight and FV Starlight have pumps which reverse, meaning the 
pump will suck for 15 to 20 seconds and then discharge for 20 to 30 seconds.  
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Vessel
Size of 
Boat

Size of 
Pipes Inflow Outflow

Dewater 
Box

No. of 
Tanks Size of tanks (each)

1 164' 10.5" 10" 16" 10" - 10 between 100,000 + 240,000 pounds
2 - 8" 8" 8" 4'x6' 4 50,000 pounds
3 129' 8" 8" 12" 4'x6' 6 between 75,00 and 100,000
4 95' 8" 8" 12" 4'x6' 6 between 35,000 and 45,000
5 112' 8" 8" 12" 5'x5' 4 22 cubic feet  

Table 2.  On-board equipment by visited vessel. 
 

 

Osprey and Western Venture Ruth and Pat Starlight and Sunlight Providian
Portland ME x x x x
Rockland ME x x x
Stonington MA
Vinalhaven ME x
Cundy's Harbor x
Lubec/Eastport ME
Prospect Harbor ME x
Bath ME
Sebasco Estates ME
Newington
Portsmouth
Hampton/Seabrook
Gloucester MA x x
New Bedford MA x x x
Fall River x x x
Point Judith
Newport
North Kingstown
Cape May NJ x

Ports Typcially Utilized

 
Table 3. Estimated frequently visited ports, by vessel, compared to Amendment 1 to the Herring 
FMP’s “Communities of Interest” 
 
 

2.0 PROCESSING FACILITIES 
 
The portside offloading at processing facilities begins in the same way that direct 
offloading to trucks does, with large quantities of product moving off the ship via tubes 
and a portside pump (Figure 22). The herring are pumped up and over a de-watering box 
but prior to dropping into the truck or container, are moved along a short conveyor belt. 
This belt allows even more water to be drained from the fish (Figure 23). If the herring 
are to enter the processing facility rather than a truck or container, the herring are pumped 
from the dewatering box into the facility (Figure 24).   
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Figure 22. A dockside pump utilized for removing fish from the hold and into the processing facility. 
 

 
Figure 23. The herring, after pumped off the boat and to the de-watering box (A) are then are either 
deposited into trucks or poultry bins via a hose for bait sales (B) or into the facility via a conveyor 
belt (C) and then into tubes into the plant for the food market. Meanwhile cold water is re-circulated 
between the boat and the storage tank (D) via pipes (E). 
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Figure 24.  Transportation pipes and hoses entering the processing facility after coming from the 
dock. 
 

 
Once in the facility the fish are stored in a holding tank until they are moved into the 
sorting process via a conveyor belt (Figure 25). The machines sort the herring into either 
four or five different sizes, and the bycatch also drops out (Figure 26). Once sorted, the 
herring are moved into one of three rooms, depending on their size.  
 

 
Figure 25. One of the holding tanks used in the process (A) with the controls for all the pumps which 

move the fish into the facility (B) and the conveyor belt (H) which begins the sorting process. 
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Figure 26. A sorting machine in which different sized herring fall to different levels depending on 
their ability to fit though the bars. 
 
In each room, upon entering, the herring are manually sorted in order to remove bycatch, 
and then conveyed into a holding tank. From the holding tank the fish are conveyed into a 
hopper system, which has two scales within it to parse the fish by a specified weight for 
packaging (Figure 27 and Figure 28). The packaging, which is done manually, consists of 
dropping the fish into a plastic bag, which is then placed inside of a box (Figure 29). The 
first room contains four of these hopper systems which operate at six tons an hour, 
average. 
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Figure 27. A full hopper system with a small holding area (A), a conveyor (B) and a two hoppers (C). 
 

 
Figure 28. The dual conveyor belt picks up fish in small and large increments, to be used to fill the 
hoppers to the desired weight for packagaing. 
 

A 

B 
C 
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Figure 29. Each of the two hoppers pictured here (A and B) has an electronic scale to verify the total 
weight of the fish. As one hopper opens to drop the fish down the chute (C) and into the packaging 
(D), the other hopper is being filled and the contents weighed and later opens as the first hopper 
begins to fill again. 

 
In the second room, however, there is a processing line which does not contain any 
machine, and all sorting and packaging is done manually, using standing scales. In the 
third room there is a processing line in which even the packaging is done by machine 
(Figure 30). Both of these rooms also contain hopper systems (one in the second, three in 
the third), and each line is used depending on the size of the fish and the amount of fish 
being brought into the facility.  
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Figure 30. The completely computerized packaging system, which is utilized after the hopper system. 
 
There is an advantage to having each box weigh as close to the desired weight as 
possible. After the boxes are taped up they are either loaded into a freezer to sell later 
(Figure 31) or shipped out immediately. In either case, the shipping costs are based on the 
weight of the boxes, and therefore it is in the interest of the seller to keep the weight to a 
specified measure, such as 20 kilos.   

 
Figure 31. Boxes of fish stacked floor to ceiling in the freezer, waiting for shipping. 

 
The previous discussion was based on a site visit to Lund’s Fisheries, Inc, which can 
process around 480 tons of herring a day and utilizes seven 2,500 horsepower engines in 
order to chill the product. The two other major processing plants involved in the herring 
fishery, NORPEL and Cape Seafoods, are assumed to be similar in operation for the sake 
of furthering management measures. Cape Seafoods is reported to have two scales on 
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each of four processing lines as well as one scale on each of the other two processing 
lines. It should also be acknowledged, however, that Lund’s operates within the food 
market and may therefore operate with differing equipment and under different standards. 
  

3.0 FLOW SCALES 
 
Three scale companies were approved by the NMFS Alaskan Regional Office (ARO) for 
their at-sea scales: Scanvaegt, Pols, and Marel. Approximately 6 years ago Pols was 
bought by Marel, and then approximately 3 years ago Scanvaegt was also bought by 
Marel. Since then the personnel at the ARO have been working with the people of Marel 
to continue to maintain and certify the at sea scales. The only other company that 
produces marine scale of the flow and hopper variety in the US is Ryko. 
 
In both flow scales and hopper scales a computer monitoring system comes included. 
Both companies (Marel and Ryko) extol the wonders of having computer systems helping 
to control production and monitor data. Marel claims that the speed of the pumps can be 
controlled by the computer and that the monitoring benefits will aid in optimizing the 
system by pointing out the strengths and weaknesses of the fish processing on board or 
portside.  
 
Certification of both types of scales is typically conducted by either the NMFS personnel 
or the state Department of Weights and Measures. 
 

3.1 DESCRIPTION 

 
Photo Credit: Marel  

 
 
Flow scales are used in conveyor systems where there is a continuous flow of material, 
such as herring. It is typically equipped with a weight sensor that the fish pass over as 
they move down the conveyor belt. The computer attached to the sensors weighs the fish 
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continuously and the resulting weight is a total of those measurements. The 
representative for Ryko highly recommended that a de-watering conveyor be set up 
before the flow scale rather than a de-watering box to ensure as much accuracy as 
possible. The Committee may want to consider a buffer for water within the 
measurements, regardless of de-watering strategy, as complete removal of water is 
difficult in a high volume fishery. The representative for Marel suggested that a cold 
water bypass system be developed that could immerse the fish once they are through the 
scale. 
 
Both Marel and Ryko make their scales out of stainless steel, and are supposed to be easy 
to operate and clean.  They were both designed to withstand the rigors of exposure to the 
ocean environment and direct contact with seawater. The scale is typically bolted to the 
floor to avoid movement. Neither scale is designed to be portable.The dimensions of the 
Marel scale are 6 feet long by 3 feet wide, and the height can be adjusted. The Ryko is 2 
feet wide by 6 feet long.   
 
Ryko scales claim to have never slowed a pump down by putting their scale into the 
system. Marel lists the thoughput of it’s flow scale at 70 or 80 tons per hour, depending 
on belt size, which would slow some of the surveyed boats down.  
 
Both scales are said to have motion compensation built within the system. The 
representative for Marel suggested that if the scales were to be exposed to the elements, 
particularly wind or freezing spray, that something may need to be built around the 
scales, suggesting the sensitivity of the measurements to the elements. The representative 
for Ryko suggested that the accuracy of a flow scale was between 3 and 7% 
 

3.2 COST 
The cost for an at-sea flow scale from Marel is estimated to be around $70,000. Ryko 
estimated that their flow scale, which works on both land and sea, would cost $50,000. 
Marel does not currently make a land-based flow scale, but are working on developing 
one currently, and once certified will likely cost around $70,000 as well. 
 
The Marel scale costs between $3,000 and $5,000 to install plus travel and expenses for 
the installation technicians. Freight is between $1,000 and $1,500. The Ryko scale ships 
for between $500 and $1000 with a crate fee of around $500. The majority of Ryko 
owners do their own instillation. 
 

3.3 MAINTENANCE 
Maintenance for the Ryko scales is not expected to be great, and phone support is free, 
and parts can be ordered individually online. Maintenance for the Marel scales vary, but 
for vessels going out to sea for multiple months on the West coast, they offer a package 
of all the parts that could break for $15,000. 
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3.4 EXPERIENCES 
Mr. Kingsolving, a NMFS employee who works with flow scales in the Pacific 
Northwest and Alaska shared his experiences from the past few years with the Pollock, 
Rockfish, Flatfish and most recently the Pacific Cod fisheries . He mentioned that space 
and experience can become large issues when flow scales are used on boats, and 
suggested that the herring industry might not be the right fit for flow scales at this time. 
On the west coast his experience was that the cost of a flow scale, total, tended to cost 
around $100,000 and that the scales themselves needed continual maintenance and 
tinkering by people experienced in mass-processing facilities, and ought to be used on 
boats and in areas where mass-processing equipment is routinely used, such as the 
“motherships” and processing vessels from the west coast. He also mentioned that 
certification and maintenance issues can become difficult when state weigh-masters 
become involved and have different standards than the federal agency.  
 
An industry member from the Atlantic herring fishery who owns a processing vessel also 
shared his experience with a flow scale. Purchased recently, he bought the flow scale 
used from a company in Norway for around $80,000. The vessel has a 200mt tank, which 
when the scale was installed, provided fish to two separate de-watering belts before the 
fish were weighed. The fish then went on to be processed.  
 
The scale itself was a Marel 3-axis, motion compensated scale, which was designed to 
work on boat.  According to his experiences, however, if the scale was not mostly dry 
and the sea was not calm then the weights that the scale took would be off by several 
orders of magnitude. In addition, if the catch composition was made up of smaller fish 
then the scale would also have difficulties taking accurate weights. He proposed that the 
problem was in the design; that the scale had been made for fisheries which processed 
larger fish, one at a time, as opposed to being made for use in a pelagic fishery such as 
herring.  
 
 

4.0 HOPPER SCALES 
 

4.1 DESCRIPTION 
A hopper scale utilizes different chambers which fill up at differing times to keep a 
continuous flow of product moving through the scale. The advantage of a hopper scale, 
according to both the Ryco and Marel representatives, is that it can be built in many 
different sizes to accommodate multiple situations, while still being a relatively simple 
scale (Figure 32 and Figure 33). They are also said to be easy to calibrate and maintain 
and can be built for use on land or at-sea. Hopper scales can also be built with multiple 
hoppers, in which a diverter assures that while one side is filled and weighed, the other 
side is released, ensuring a faster process. 
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Figure 32. A Ryco marine hopper scale, in which the fish move from the upper box to the lower box, 
where the fish are weighed. 

   
Figure 33. A step by step process through the basic hopper scale process. First, the Upper Garner is 
filled with the material. Second, the material is released into the Weigh Hopper, where the weight 
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will be recorded. In the third step, while the weight is being recorded, the Upper Garner Gates are 
closed, so that the Upper Garner can fill again.  In the fourth step the Upper Garner continues to fill 
while the Weigh Hopper releases its contents into the Lower Garner, so that the Upper Garner can 
fill the Weigh Hopper again and start the process over. (Photo Credit: USDA)   
 
The Marel representative estimated that the hopper scale would be able to keep up with 
the pace of the fishery, but may add between 5 to 10 minutes to the process at the worst. 
In either at-sea or portsides situations the water would need to be removed from the fish 
for the scale to work. Hopper scales can be portable as long as stationary on the trucks 
while the weighing is occurring, although long distance and frequent travel is not 
recommended. According to the Marel representative the hopper scales would be 4 feet 
by 4 feet square and the height would be adjustable from 5 feet or less to 30 feet. The 
Ryco representative stated 48 inch square as being the average size, but has seen hopper 
scales built as small as 24 inches square.  
 

4.2 COST 
The cost for an at-sea hopper scale from Marel is estimated to be around $40,000 to 
50,000, depending on the modifications needed in each boat. A single hopper that would 
be situated portside would cost close to $30,000. The Ryko representative estimated that 
their single hopper would cost $20,000 including shipping and that a double hopper 
would cost between $35,000 and $38,000.  
 
The Marel scale costs between $3,000 and $5,000 to install plus travel and expenses for 
the installation technicians. Freight is between $1,000 and $1,500. The Ryko scale ships 
for between $500 and $1,000 with a crate fee of around $500. The majority of Ryko 
owners do their own instillation. 
 

4.3 MAINTENANCE  
Maintenance for the Ryko scales is not expected to be great, phone support is free, and 
parts can be ordered individually online. Maintenance for the Marel scales vary, but for 
vessels going out to sea for multiple months on the West coast they offer a package of all 
the parts that could break for $15,000. 
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5.0 TRUCK SCALES 
(All information courtesy of Wayne at Cat Scales, Paul Gerard with Advanced Scales and 
Rice Lake Weighing Systems, Ed at All-Tech Weighing Systems Inc (Portland, ME), 
Gentle Giant Corporation, The Portland Recycling Center, and the Scale-Mart 
Corporation). 
 

 
Figure 34. A truck scale in use (photo credit: http://science.howstuffworks.com/question626.htm) 
 

5.1 FIXED TRUCK SCALES 
Fixed truck scales are scales which have been specially constructed and calibrated to give 
the user the most accurate information possible. Their size depends on what the user is 
looking for; the scale pieces are modular and a very large scale can be built to 
accommodate the largest of trucks. Scale pieces come in 20 and 30 foot increments. For 
the purposes of the herring fishery, the scales could be built to suit each location and the 
type of trucks that are utilized. There was consensus among all representatives that fixed 
trucks scales are the most durable of the truck scales for marine weather. 
 
The general procedure for weight verification of herring would be to measure the truck 
once before the fish are transferred and once after; the difference would be the estimate 
of the weight of the herring. If the truck is going to be hauling out barrels or boxes full of 
fish, those items could be placed in the truck for the pre-fish weigh-in.  
 
The difficulty is that in each location there would need to be a permanent structure which 
is large enough to accommodate trucks, infrastructure and the equipment associated with 
the scale (computers, on and off ramps, etc.). The scales also require a power source.  
 
The estimates for fixed scales range widely from $30,000 to $100,000. The cost for the 
scale itself depends mostly on size; a middle of the road, 70 foot scale is approximately 
$40,000.  The cost escalates, however, with the addition of shipping costs and 
installation, which typically cost $4,000 each. The cost of a foundation is also large and 
varies widely depending on the area of installation. The average estimate is around 
$15,000 to $18,000. All together the average scale would cost $65,000, if everything 
went well. One estimation that that came to a total of $100,000 included cement piers and 
other structural modifications beyond simple bulldozing and laying foundation. With the 
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structural challenges at many offloading sites, installation of scales may be made 
significantly more expensive. 
 

5.2 EXISTING TRUCK SCALES 
One alternative to buying the fixed truck scales is utilizing existing truck scales which are 
for hire. Before a truck is scheduled to come and retrieve herring from the docks, a 
weight measurement could be required on its route. The truck would complete the 
loading of the herring as normal, and then on the way its destination, it could be weighed 
again. The difference between the two weights would be the weight of the fish, and any 
ice that is put in with the fish.  
 
The advantage to this is cost; the approximate cost for weighing a truck is between $10 
and $15, a cost which typically covers multiple re-weighs in the same 24 hour period. 
Many have been set up under very specific guidelines provided by the scale companies 
and the state Department of Agriculture, and they are inspected yearly by the same 
department. Certain companies even offer guarantees for their measurements; if you are 
fined or taken to court; they will either pay the fine or accompany the customer to court 
(CAT Scales).   
 
Using existing truck scales and infrastructure presents two problems. The first is 
availability. While most ports that herring are landed (communities of interest, 
Amendment 1 to the Atlantic Herring FMP) have scales nearby (see Figure 35 through 
Figure 43), two ports have scales that are at least an hour away from the port: Sebasco 
Estates and Point Judith. The two most northern ports in Maine, Prospect Harbor and 
Lubec/Eastport, are not located near scales. The two island ports, Stonington and 
Vinalhaven, do not have scales on them, however it is questionable of trucks are used. In 
some ports, driving to an available scale may require driving a long distance, particularly 
if the truck is destined for only a few miles away. Encountering a scale may be difficult, 
due to the large spread of destinations for the trucks, and could lead to excessive driving. 
This in turn could ruin the fish, if they have to be in the heat for too long. Fish could also 
be compromised if the line for the scale is long, and the truck full of herring is forced to 
wait until the scale is free (Figure 14).  
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Figure 35. Existing truck scales in the Cape May, NJ area, marked with violet markers. The yellow 
box indicates a Community of Interest (Amendment 5). The closest approximate port-to-scale drive 
time is ten minutes and the furthest port-to-scale drive time is 33 minutes. (maps.google.com) 

 
Figure 36. Existing truck scales in the Point Judith, Newport, and North Kingstown, RI areas, 
marked with violet markers. Yellow boxes indicate Communities of Interest (Amendment 5). The 
closest  approximate port-to-scale drive time is  less than five minutes and the furthest port-to-scale 
drive time is approximately 42 minutes (maps.google.com)  
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Figure 37. Existing truck scales in the New Bedford, MA area, marked with violet markers. Yellow 
box indicates a Community of Interest (Amendment 5). The closest approximate port-to-scale drive 
time is eight minutes and the furthest port-to-scale drive time is five minutes. (maps.google.com) 

 
Figure 38. Existing truck scales in the Gloucester, MA area, marked with violet markers. The yellow 
box indicates a Community of Interest (Amendment 5). The closest approximate port-to-scale drive 
time is < 5 minutes, while the furthest is 11 minutes. (maps.google.com) 
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Figure 39. Existing truck scales in the Portsmouth, NH area, marked with violet markers. The yellow 
indicates a Community of Interest (Amendment 5). The shortest approximate port-to-scale drive 
time is less than five minutes,  the while furthest is 11 minutes. (maps.google.com) 

 
Figure 40. Existing truck scales in the Hampton/Seabrook, NH area, marked with violet markers, 
closest to the Communities of Interest (Amendment 5). The shortest approximate port-to-scale drive 
time is six minutes and the furthest port-to-scale drive time is 13 minutes. (maps.google.com) 
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Figure 41. Existing truck scales in the Portland, ME area, marked with violet markers. The yellow 
indicates a Community of Interest (Amendment 5). The closest approximate port-to-scale drive time 
is less than five minutes and the furthest port-to-scale drive time is 15 minutes. (maps.google.com) 

 
Figure 42. Existing truck scales in the Bath, ME area, marked with violet markers, closest to the 
Communities of Interest (Amendment 5). Both the shortest and longest approximate port-to-scale 
drive times are less than five minutes. (maps.google.com) 
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Figure 43. Existing truck scales in the Rockland area, marked with violet markers. Yellow boxes 
indicate Communities of Interest (Amendment 5). The closest port-to-scale drive time is 
approximately less than five minutes and the furthest port-to-scale drive time is approximately 11 
minutes. (maps.google.com) 
 
The other issue is the involvement of a third party. The company or organization which 
allows the scale to be used is neither the buyer nor the seller, but they will instantly be 
involved in the transaction. Legally, in order to issue a certified measured weight for 
payment for another party, the person issuing the information has to be licensed to print 
the ticket and give both parties a gross weight. This certification means that the slip of 
paper with the weight on it has to have an impression seal. Many of the scales in the 
range of the ports which land herring do not have a certified weigh master at their 
location around the clock, and the trucks could only be weighed at certain hours, which in 
turn could present a large hurdle for the buyers of herring. (Steve Giguere, Maine Dept. 
of Agriculture, Weights and Measures Inspections)  
 
Another other option is place people such as portside samplers into these roles and train 
them to be certified weigh masters. The cost is $25 per person per year to be certified, 
plus any additional training. Harbormasters may be another group of people to train and 
have ready at different times in the day. The difficulty would still be availability of scales 
for the observers to operate and the cost of the observer or weigh master salary. 
(Steve Giguere, Maine Dept. of Agriculture, Weights and Measures Inspections)  
 
Using existing scales could be an option, but it will require a lot of coordination and 
possibly extra driving for trucks and decreased quality for fish.    
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5.3 PORTABLE TRUCK SCALES 

5.3.1 Large Portable Scales 
There are two types of portable trucks scales. The first is a rather large scale, and is very 
similar to the fixed truck scales, as it comes in units of around 35 feet. The units can be 
disassembled and placed into a flat bed truck for transportation, but portability is an issue 
with such large pieces. The scale does require a power source. The cost is less than the 
permanent scales, as two units of 35 feet, for a total scale of 70 feet, average around 
$25,000 to $30,000. 
 
There are a few major issues with the portable scales, in addition to the cost. Using a 
portable scale is very similar to using a fixed scale; the infrastructure around the scale has 
to be close to perfect in order to facilitate a correct measurement. Approaches and exit 
ramps must be built to specification around the scale, which typically require bulldozers 
or  heavy machinery because the mounds have to be perfectly straight. If the mounds are 
not perfectly straight the truck will put uneven pressure on the scale and possibly break 
inner components.  They must be installed in a non-muddy area and the ground must stay 
relatively dry, which may be difficult with a large amount of water leaving the trucks 
after pumping the fish. (All-Tech Weighing) The other disadvantage is that the scale 
cannot legally be left in place for more than six months, so if the Committee wanted to 
utilize one for a season to determine its effectiveness, the scale would likely have to be 
removed before the season ends. (Steve Giguere, Maine Dept. of Agriculture, Weights 
and Measures Inspections) There can also be issues with the calibration and sensors 
within the scale if the scale is taken  over bumpy roads or for long amounts of time.  

 

5.3.2 Wheel Pads 
 

 
Figure 44. A wheel pad (photo credit: http://www.onboardscales.com/wheel-weigher-truck-1.htm) 
 
The other form of portable scale is a very small and portable. Typically weighing around 
40 pounds this scale operates on batteries and can come in either raised metal models or 
flat LCD models. The cost for the weigh pads is slight; between $2,200 and $5,000 per 
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pad. No installation is required. The pads are used by driving onto a pad, one or two 
wheels at a time and tallying the weight on all of the wheels 
 
The disadvantages of this scale is that accuracy range, particularly for larger, heavier 
vehicles, is so poor that the scale cannot be classified as legal for use in trade. That means 
that the weights that could be measured via these pads would not be able to be used for 
payment between herring seller and buyers. Within the scale industry these are only sold 
for law enforcement purposes.  
 

5.3.3 Axle Pads  
 

 
Figure 45. Axle  pads (photo credit: http://truckscales.com/index2.htm) 
 
Axel pads are very similar to wheel pads in that they are small and portable. The user 
drives the truck, two wheels at a time, onto the two axle pads. They are typically 7 feet 
long and have built in on and off ramps. This means that the area utilized for this scale do 
not require much more than a flat surface and an energy source, such as a generator. The 
cost for axle pads is around $13,000 for two.  
 
Also similar to the wheel pads, these axle pads cannot be used for payment between 
sellers and buyers and are typically only sold for law enforcement purposes. 
 

5.4 ACCOUNTING FOR ICE AND WATER 
As was previously explained (Section 1.2), ice may or may not be used to keep fish cool 
when being transported. In considering all the three types of scales mentioned above it, 
will be important to factor in an uncertainty into estimates for ice and water, particularly 
if it is known that ice is being used in the truck. If a truck scale is used it is possible to 
weigh a truck when full of ice, then again when full of herring, and take the difference. 
Alternatively, the weight of the ice which is bought for the truck could be added to the 
pre-herring truck weight. On hot days, however, it is unlikely that the ice will not melt 
and therefore change the measurements accordingly.  
 
In addition to the possibility of ice in the trucks, uncertainty in truck scale measurements 
should also be factored in for all catch due to water weight. Although most fish go 
through at least one de-watering box before entering the truck, not all the water will be 
removed. Even if the truck waits to drain all the water out of the trailer it is still possible 
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for some of the weight to be attributed to water. (Industry Members, Personal 
Communication)   
  
 

6.0 CERTIFIED VOLUMETRIC ESTIMATES 
 

6.1 SEALING AND MEASUREMENTS 
The State of Maine requires that all boats have their vessel holds measured (Section 7.1), 
and charges each boat based on the size and a rental fee. The cost is approximately $3 a 
hogshead up to 100 hogsheads, and is $1 a hogshead thereafter. There is also a cost of 
around $50 a day to rent the meter required to do the work. For a 100 hogshead boat this 
means the cost would be around $350.  
 
The process of the certification needs to be understood to estimate how the program 
would work federally, however. In order to determine the volume, seawater is pumped 
into the hold using a 3 inch trash pump (a pump which is not hindered by objects in the 
water) to pump water through a mass flow meter. When the meter shows that 5 hogshead 
worth of water has been pumped into the hold, the process is stopped and a mark is made 
on the hold’s wall to indicate where 5 hogshead is. This process is repeated over and over 
until the hold is full, then the water is drained and the marks made permanent. This 
allows anyone to lean into the hold, look at the side, and determine how much volume of 
fish exists. 
 
The process can take a full day and more, depending on how large the hold is, and 
requires two men. Because the mass flow meter is very accurate, based on measurements 
of oscillations through a tube, and due to the difficulty in finding them, the cost of the 
mass flow meter is estimated to be between $20,000 and $25,000. Departments of 
weights and measures in other states may benefit from having this meter in their office, as 
it can pump many forms of solids and liquids, however between the cost of the meter and 
the cost of labor, this option would be expensive for the states if implemented. None of 
the states between New Jersey and New Hampshire had a flow meter available for use, 
and all recommended that the process be done by either the State of Maine or a federally 
qualified weigh-master.  
(Steve Giguere, Maine Dept. of Agriculture, Weights and Measures Inspections)  
 
An alternative to using the State of Maine for certification would be to use a Marine 
Surveyor. Most Marine Surveyors cost around $100 dollars an hour, plus travel and 
expenses. For a simple volumetric measurement and certification, using the dimensions 
of the hold, the cost could be estimated between $300 and $600, depending on the person 
employed. The accuracy of this method is questionable, however, as the holds are not 
always uniform or square. Use of a flow meter would likely produce a far better estimate 
of volume, as the water can adjust to the different shapes and sizes. The other issue with 
use of Marine Surveyors is the accreditation. Surveyors are not regulated, but there are a 
few accreditation societies. Some merely charge a fee, however, and require no testing or 
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adherence to standards. While one option may be to require a certain form of equipment 
and a certain type of procedure, in certifying holds, the cost of equipment and procedure 
may serve to drive the cost of the certification up, and it may be cheaper and more 
accurate to question the integrity of the surveyor, rather than the equipment. 
(Thomas Hill, Marine Surveyor) 
 
To perform a similar process on a truck or container both would need to be certifiably 
sealed, to ensure that no water escapes. If either has a uniform bottom, however, it is 
relatively simple to use a tape measure to estimate volume, and convert that estimate to 
hogsheads.  
 
Once the holds have been marked there is a method for achieving more accuracy than a 
visual confirmation. The concept is to take a heavy object that is lowered into the hold on 
a tape or pole and does not displace the water. The height of the water and fish is 
measured against the tape or pole, which can then be expanded to the entire volume using 
a table or graph. If the hold already has demarcation of the volume, then the volume can 
be checked visually  
(Steve Giguere, Maine Dept. of Agriculture, Weights and Measures Inspections)  
 

6.2 VOLUMETRIC UNIT CONVERSION 
Another difficulty faced in volumetric measurement is units. One unit of hogshead can 
vary in interpretation. Conversion between units is also difficult with water involved; an 
average ought to be decided by the committee for converting a volume to a weight. In 
both Europe and Maine, where certified volumetric measurements are used, the 
conversion between volume and weight has been specified to avoid confusion, and has 
been for some time (see Appendix A for a historical document from Maine and Section 
7.3 for discussion of the European regulations). Similarly, the State of Maine is currently 
working to determine how much weight there is per bushel of harvested menhaden. The 
Southeast Fisheries Science Center has been utilizing a “standard of fish” as its 
conversion factor in the menhaden fishery, and the units seem to work well; it was 
hypothesized that if a deck log on any given boat were to be surveyed that the sum of the 
at-sea estimates would come within a margin of 5% accuracy (See Appendix B for a 
historical documentation). The Committee may want to specify units of measurement 
used in certified volumetric measurements, if they are pursued. A table of units and their 
conversions can be found in Table 4.  
 

Unit Cubic Meters Bushels Short Tons Metric Tons Pounds
State of Maine Hogshead 0.62 17.50 0.61 0.56 1,225.00

European (Herring) Herring Unit 100.00 28.38 90.39 82.00 180,780.00
European (Mackerel) Makerel Unit 100.00 28.38 85.98 78.00 171,961.00
Southeast Science 
Center (Menhaden) Standard Fish 0.36 10.23 0.34 0.30 670.00

Volume Weight

 
Table 4.  A table of conversions from volume to weight used at different times and locations 
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7.0 REGULATIONS REQUIRING WEIGHING OF FISH OR VOLUMETRIC 
MEASUREMENT 

 

7.1 STATE OF MAINE 
Regulations in the State of Maine already require that herring vessels have their fish 
holds measured and “sealed” by the State Sealer of Weights and Measures, so many 
vessels in the herring fishery already have the information necessary to determine the 
capacity of the fish holds.  Relevant regulations from the State of Maine are summarized 
below. 

• Sealing of boats.  The holds of all boats transporting herring for processing 
purposes must be measured and sealed by the State Sealer of Weights and 
Measures or the State Sealer’s designee. 

• Fee.  The owner of the boat shall pay a fee for the measuring and sealing as 
determined by the State Sealer of Weights and Measures, based on the carrying 
capacity of the boat. 

• Method of measuring and sealing.  The measure must be in 5 hogshead divisions 
measured by liquid measure from a calibrated prover to the top of the hatch 
coaming.  The measurement must be marked and permanently sealed, both 
forward and aft, in the hold, in the most practicable manner, while the boat is 
afloat. 

• Notification of broken seals.  The boat owner shall immediately notify the State 
Sealer of Weights and Measures of any alteration or the breaking of any seal. 

• Certification to commissioner.  After measuring and sealing each boat, the State 
Sealer of Weights and Measures shall certify to the commissioner the name of the 
owner and the name and capacity of each boat. 

(Note: 1 hogshead = 17.5 bushels = 1,225 pounds) 
 

7.2 FISHERIES OF THE EXCLUSIVE ECONOMIC ZONE OFF ALASKA 
The equipment and operational requirements established by NMFS (§ 679.28 (Alaskan 
Fisheries) and § 680.23(Shellfish)) state that a vessel must have the on-board scale 
approved when initially installed and inspected by NMFS personnel each year thereafter 
(proved with a sticker and/or inspection report). In order to be approved, the scale make 
and model must be listed on a Regional Administrators list, and proof of initial laboratory 
testing must be provided, along with information about the specific scale. Custom hopper 
scales can be approved under certain qualifying conditions.  
 
During annual inspections the responsibilities of the vessel owner are explained in the 
regulations.  The vessel owner must also test the scale once daily and record specific 
information from the scale which is relevant to the test. The test itself is outlined in the 
regulations for each type of scale and for the weights used to conduct the test. The vessel 
owner must also perform regular maintenance and print reports daily. The reports have a 
list of required information such as pounds measured in a specific timeframe and basic 
vessel information and it is specified how long the reports need to be available and to 
whom. All weighed catch is reported.  The scale cannot be installed where it may be 
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bypassed easily and observers must be able to see that all catch is being passed through 
the scale. 
(http://www.fakr.noaa.gov/regs/680/680b23.pdf; 
http://www.fakr.noaa.gov/regs/679b28.pdf) 

7.3 EUROPE 
All E.U. and Norwegian-registered fishing vessels that carry their catch in refrigerated 
sea water (RSW) tanks are required to carry on-board calibrated volume tables for all of 
the fish tanks on the vessel.  Those calibration tables must be checked and stamped by the 
member state under whose flag the vessel operates.  The calibration tables are normally 
produced by the marine architect when the vessel is in the final stages of building; this 
will then be certified by inspectors from the fishery control of that state.  In the case of a 
second-hand or converted vessel coming into the fishery, all the fish tanks have to be 
measured separately and calibrated by a competent marine architect, and again verified 
by an inspector. The calibration system works by measuring the entire volume of the tank 
to get its cubic capacity; the tank is  measured in 10 cm increments, and this is scaled 
from the floor up to the edge of the hatch. 
 
To actually measure the volume of fish in the tank, the fishery officer drops a small, flat 
steel weight about six inches square, connected to the end of a regular tape.  When the 
weight falls through the water and settles on the fish, the officer then checks off the 
measurement against the hatch top.  With this measurement, the officer can go to the 
calibration book for the vessel and calculate the cubic volume of fish in the tank.  This 
process is then repeated on all the other tanks that contain fish, and the total cubic volume 
is calculated. 
 
Because a cubic meter of fish does not equal a ton of fish, it was agreed with all control 
agencies in Europe and Norway that the following volume calculation values should be 
used: 
• Herring per cubic meter x 0.82 (i.e., 100 cubic meters = 82 tons of herring) 
• Mackerel per cubic meter x 0.78 (i.e., 100 cubic meters = 78 tons of mackerel) 
 
This system has been in place for over 20 years and has been tried and tested many times, 
with total catches monitored and weighed in controlled conditions.  It was always found 
to have an accuracy of between two and seven percent, depending on how accurate the 
person was when measuring.  The vessels were originally allowed a discrepancy of 20% 
in what they declared and what the final result was, but this was found to be unnecessary.  
The discrepancy is now reduced to 10%, and both fishermen and control agencies feel 
comfortable working with this level. 
 

7.4 CANADA 
The Report on the Atlantic region dockside monitoring program and procedures for 
Fisheries and Oceans Canada (DFO) specify that Dockside Monitoring Companies 
(DMC) be established with a number of requirements. The policy establishes that the 
proper equipment must be available 24 hours a day and maintained via operational 
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procedures and set requirements established by the individual DMCs. It also specifies 
that records of deployment of the Dockside Observers be readily available via databases 
or hard copies and that the information and data that is collected be protected under the 
provisions of the Privacy Act and maintained and archived for two and one-half years. 
Procedures are outlined for training observers, including demonstrating proficiency in 
“fish handling practices, off loading methods, and weigh-out methods and practices” and 
that Dockside Observers are trained in the weighing procedures that have been approved 
by the DFO.  The duties of the Dockside Observer require that all dockside monitoring 
occur at a fish landing station, government wharf, or fish-buying wharf. All catch that is 
offloaded must be weighed and a clear line of sight from the boat to the scale must be 
maintained at all times. All boats must be checked after the offloading to certify that all 
catch has been removed, and the Dockside Observer can inform the off-loader that and all 
remaining fish be removed.  
(http://www.dfo-mpo.gc.ca/communic/fish_man/ardmp/ardmp-pvqra_e.htm) 

 
The Scope of the Fishing and Fish Products Sector Review, conducted by Measurement 
Canada, is in the process of establishing “an appropriate level of involvement for 
Measurement Canada in this industry to ensure measurement accuracy and equity” based 
on stakeholder review. Specifically the review will establish their role in regaurds to 
platform, hopper, crane and truck scales. 
(http://www.strategis.gc.ca/eic/site/mc-mc.nsf/eng/lm00296.html) 
  
 

8.0 SUMMARY 
The regulations for the Canadian Dockside Monitors illustrates that while scales may be a 
useful addition to the herring fishery, it may be prudent to consider them in conjunction 
with dockside monitoring options in Amendment 5. Logically, any and all scales used to 
monitor the offloading of a vessel must be available at all times for those boats that must 
be monitored. Based on fisherman feedback, however, scenes of offloading tend to be 
complicated by multiple vessels offloading at one time, and care should be taken to avoid 
creating long backups for vessels which are returning. This may mean having multiple 
scales available at multiple ports if full scale coverage is required. If selective monitoring 
is chosen, then scales should be set up and ready to weigh as soon a vessel is ready to 
unload, to ensure the quality of the fish. Data collection, maintenance and quality should 
be assured though the monitoring program established. Likewise, once procedures for the 
chosen scales are established, observers will need to be trained in these procedures, 
including verification that the vessel is empty. Maintaining a clear line of sight between 
the vessel and the scale may be difficult, given the current setup of the ports for Atlantic 
Herring.   
 
Depending on the scale that is decided upon, proper procedures for installation, 
maintenance, calibration, and re-certification should likely be established by the 
Committee. Based on multiple interviews it seems reasonable to assume that once a scale 
is decided upon, the vendor of the scale will be willing and able to help the Committee 
establish these procedures. 
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Flow Scales and Hopper Scales 
In concept, flow scales have the potential to operate well in the herring fishery, however 
the speed at which they operate and the potential difficulties they can cause at sea make 
them less than desirable. Most importantly, the cost of such scales is so high that 
requiring their use would likely be prohibitive for the fishery. Hopper scales are more 
functional in the current operations, particularly if used on land. Similar to flow scales, 
however, the cost is prohibitive and implementing use in all ports or on all boats may not 
be desirable. Both flow scales and hopper scales are too large and permanent to be moved 
by portside or at-sea observers. Requirements to land all herring at certain ports may 
therefore become necessary, unless a frequency of sampling is determined which did not 
require 100% weighing of all catch. Most importantly, in the process described above 
(Section 1.2) it was illustrated that a decent amount of water tends to be left with the fish 
after the de-watering process has taken place. In both the hopper and the flow scales this 
could influence the recorded weight of the fish (however it may be different at processing 
plants).  
 
If the Committee would like to utilize the Alaskan regulations, a list of approved scales 
could provide guidance for the boats purchasing scales and for the administrators who 
certify them. Conduct during the annual inspections could likewise provide guidance for 
all parties involved to increase the chances of a precise inspection. Daily tests, which 
could be specified more clearly once a scale is chosen, would likely also enhance 
accuracy of the data. The procedures to use and the variables to be produced by the test 
will depend on the type of scale chosen.  All scales which have been reviewed for this 
discussion paper utilize computer reporting, and therefore would be able to produce a 
digital report. The required reports would also provide more accurate information 
regarding catch and the status of the scale. Placement of the scale onboard, however, 
would depend on the vessel. A requirement for certification of the scale upon initial 
installation and once a year thereafter would likely produce trustworthy data for the 
Northeast, particularly if overseen by NMFS personnel. The cost of the personnel in 
everything listed above is not determined, however, and would add to the already-
prohibitive cost of the scales themselves.  
 
Truck Scales 
Similar to the flow and hopper scales, the cost of truck scales makes their applicability in 
management measures difficult. Both permanent and portable truck scales require a large 
portion of land, which not all ports have, as well as the ability to mold the land to fit the 
scale’s requirements. The modifications to the land and surrounding structures would not 
only be costly, but require owners rights, which some ports used by the herring industry 
likely will not have. Moreover, the certification and operation of the scales would need to 
be done by licensed professionals, which would add an operating cost. NMFS 
certification of the data produced may also be prohibitive; there is no current arrangement 
with NMFS regarding trucks and transportation of fish off the water and similar to the 
flow and hopper scales, there would need to be compensation for the time and efforts of 
the employees involved in certifications or handling of data. 
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The use of existing truck scales may be of value for verifying the weight of fish. The cost 
of using such scales is low, and the locations are close enough to each port that it may be 
feasible to require trucks to stop on the way in and out. The time spent getting to the 
locations, both on the way in and way out, needs to be considered. On the way in the 
truck drivers will need to spend extra time getting to the facility and having the truck 
weighed. On the way out, the quality of the fish in the truck needs to be considered as 
well. While the time spent at the facility being weighed may be minimal, the time getting 
the truck onto the weighing pad properly plus the potential for long lines or other 
unforeseeable problems could increase the transportation time of the fish. In the summer 
and the warmer months, this extra time could cause the quality if the fish to be 
compromised. Alternatively, ice could be used to extend fish quality, but that could add 
extra time and costs for potential buyers or sellers.   
 
Additionally, in order to be considered valid for commerce, a certified individual would 
need to do the weighing of the trucks at the facilities. Many of the facilities listed above 
do not have certified individuals weighing the trucks. Again, NMFS may have additional 
concerns with these certifications and with the use of some of the facilities as well. 
Verifying the quality of data may also be an issue, and again, there would need to be 
compensation for the time and efforts of the employees involved.  
 
Certified Volumetric Measurements 
Although the State of Maine is already conducting the procedure, the method used 
appears to be prohibitive or unaccepted for other state Departments of Weights and 
Measures. The cost per vessel may not be large, however the number of hours involved 
would be great for the Department of Weights and Measures, and further involvement 
from NMFS may be warranted for certification. One option would be to require the 
certification of all holds but without requirement of method; this would allow individuals 
to choose to travel to the State of Maine or use a Marine Surveyor. The cost of Marine 
Surveyors is high, however, and the question of certification of the measurements would 
also have to be raised. As was stated previously, the Surveyor hired would need to be 
approved or certified, likely by NMFS or another accredited organization. This option 
would cause those who live further from Maine to pay more than those who live close. 
 
The method of 5 hogsheads divisions would be ideal to continue as those in the State of 
Maine who already have their vessels sealed and measured would not have to do so 
again. The measurement of 5 hogsheads is volumetric; the Committee would need to 
decide on a standard conversion from volume to weight for the information to be given in 
pounds, as was discussed in Section 6.2. Standardizing the location of the measurements, 
the certification process, and the notification of broken seals would most likely prove 
useful if the measurements are considered.  
 
Overall, the relevancy of any of these measurements needs to be questioned. Application 
of the same rigorous standards as Europe has would likely produce more accurate 
information, however all boats in the fishery would need to be checked by a third party 
for every landing, such as a portside observer, which would increase cost. Although the 
volumetric measurement could aid captains estimates, the applicability of the information 
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need to be determined. If the goal is to verify captains and dealer data from VTRs then 
who will stick the tank and when? What information would the committee hope to gain 
from such a measure, and at what cost? This measure would most likely be useful if 
portside samplers are utilized as a concurring measure in Amendment 5.  
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Advantages Disadvantages
Designed for at-sea weigh-monitoring of fish Cost: Between $50,000 - $80,000 a scale, plus maintenance fees

Need for constant (almost daily) maintenance 
Potentially slower than existing pumping rate of fish
Better suited to processing environments

Can be built to fit any situation and size Cost: Between $35,000 and $60,000 a scale, depending on location

Sturdy, simple, less maintenance than flow scales Functions better on land
Likely can keep up with pumping rate of fish

Overall difficulty for all truck scale: NMFS Certification
Can custom build (come in 20 ft increments) Cost: Around $100,000 with install, depending on installation site
Very accurate weighing Permanent installation which requires land modification

Potential for backup at scales on hot days (herring spoilage)
Potentially would require Licensed Weigh Master
Requires power source and possible small building

Slightly Portable (requires flatbed) Cost: Around 25,000-35,000 a scale, without installation 
Have to modify land to install 
Potential for backup at scales on hot days (herring spoilage)
Potentially would require Licensed Weigh Master
Requires power source and possible small building
Can't stay in existing location for more than 6 months

Cost: Between $5 and $10 for a weighing Need to find 24 hour scales 
Need to have a Licensed Weigh Master
More driving for some ports than others (herring spoilage in heat)
4 communities of interest are not near existing scales

Cost: Between $2,200 and 13,000 Not legal for tender (law enforcement only)
Very portable Frowned upon by Weigh Masters

Some require power source
Cost: Around $350 per vessel Need to travel to Maine or use more expensive Marine Surveyor
"Sticking" of vessel is a simple estimation method  Need to agree upon volume -> weight conversion 

Cost/Benefit tradeoff: still an estimation

Stationary

Portable

Existing

Axle and 
Wheel Pads

Flow Scales

Hopper Scales

Truck Scales

Volumetrics
 

Table 5. This table presents a summary of the advantages and disadvantages discussed in this document. 
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9.0 APPENDIX A  
(Unpublished, SEFSC in-house document) 
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10.0 APPENDIX B 
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1.0 INTRODUCTION 
In the past, members of the Herring PDT have estimated total removals of river herring in the 
Atlantic herring fishery by a combination of portside and at-sea observations.  This analysis 
hinges, however, on the comparability between these two very different methods of documenting 
bycatch. 
 
Estimates and frequency of occurrence of bycatch in the sea herring fishery is monitored by two 
independent programs:  Maine DMR and Massachusetts Marine fisheries joint Portside sampling 
program and NOAA’ National Observer Program.  There are three estimates that are worth 
comparing: 

1) Proportion of trips with occurrences of species 
2) The amount of agreement on occurrences of species within trips 
3) The amount of agreement on catch weight estimates between the two methodology 

 
This analysis compares the total estimated catch weight for bycatch species for trips that were 
sampled by both a portside sampling program and the Northeast Fisheries Observer Program 
(NEFOP). 
 

2.0 SAMPLING METHODS 

2.1 AT-SEA OBSERVATIONS 
During at-sea operations, NEFOP observers use basket sampling to document occurrence of 
other species during targeted Atlantic herring and mackerel trips on a haul by haul basis and 
during normal fishing operations.  These non-target species are then included in the data as 
retained or “Kept” 
(http://www.nefsc.noaa.gov/fsb/Manuals/JANUARY%202010%20MANUALS/NEFOPM_0101
10_BOOKMARKS_LONG1.pdf).   Normally, ten 50 lbs basket sub-samples are taken at regular 
intervals during the pumping process from net to hold.  These samples are then checked for 
bycatch, weighed and measures, and the results expanded based on the captains’ estimate of that 
hauls total weight. Because the Atlantic herring fishery is a high volume fishery, much of the 
bycatch is retained during the pumping process; particularly so for co-occurring pelagic species 
such as river herring. However, observers do hand select larger bycatch species.  In these cases, 
these species are listed as “discarded” in the database if they are not retained by the crew  
 

2.2 PORTSIDE OBSERVATIONS BY MA DMF 
Sampling methodology in the MA DMF portside sampling program attempts to be consistent 
with NOAA Observer Program protocols, with some modifications to decrease variance in 
extrapolation of bycatch estimates and reduce potential sampling bias.  Due to the large 
quantities of fish that are typically landed in these fisheries, sub-sampling will be required.  Sub-
sampling is used when the volume of fish that the sampler is attempting to quantify is too large 
to obtain actual weights or if the amount of by-catch is too abundant.  During sub-sampling, the 
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sampler will collect smaller batches of fish, sort and weigh by species and then extrapolate to the 
total catch.  All sub-sample weights will be actually weighed (actual weight), and hail weights 
(for both truckloads and fishing vessels) will be acquired from the plant managers or vessel’s 
captain and therefore estimated (estimate weight). 
 
In most situations, sampling is conducted over the entire offloading period to capture any 
stratification that may occur throughout the entire fishing activity (e.g. while being pumped 
aboard while out at sea, due to the difference in species size and composition between tows, 
settling in the vessel’s holding tanks, etc.).  Because the catch is not unloaded the same way at 
every dealer and plant, sampling techniques will vary.  Typically samples will be collected 
systematically at set intervals with predetermined sample sizes.  All samples are sorted by 
species and actual weights will be taken.  Lengths will be taken according to the NOAA 
Observer Program species priority list by statistical area.  Haddock, alewife, blueback herring, 
and American shad have been specified as specific species of concern by MA DMF and 
therefore if available, the number of lengths taken will be 200 per trip.  Two length frequency 
samples will be randomly selected, one during the first half and the second during the second 
half of the offloading period. 
 
Below is MA DMF’s description of the sampling protocol at a processing plant.  The majority of 
sampling occurs at these types of off loading facilities for this project. 
 
Processing Plant 
Sampler should position himself at the discard vat where all bycatch and damaged fish are 
deposited.  The sampler must position themselves in a location that is safe and will not disrupt 
plant operations.  The name of the vessel should be recorded and hail weight, date landed, and 
general location fished (statistical area, known piece of bottom, etc.) should be collected from 
the plant manager or vessel captain.  Hail weight should be confirmed after unloading process is 
complete and all fish have been processed.  A processing rate (kg of catch processed/minute) 
should be calculated by dividing hail weight by the time it took to offload the vessel.  When 
calculating time to off load catch, note time spent not pumping/processing, such as coffee or 
lunch breaks and processing hold-ups.  To eliminate bias caused by periodicity, prior to the 
beginning of the offloading process, the sampler will use a random number table and pick a 
random start time between 1 and 30 minutes.  Once the start time has been determined, a basket 
will be positioned in the discard vat and a sample will be collected.  Once the basket has been 
filled, it will be weighed, sorted by species, and then weighed by species. Lengths will be 
collected according to NOAA Observer Program sampling protocols.  This process will be 
repeated for thirty minutes until the sub-sampling period has been completed.  If fish being sent 
to the bycatch vat is too abundant and sampler cannot weigh all fish being sent to the discard vat, 
then sub-sampling may be required to get an estimate of total bycatch per 30-minute sampling 
period.  This sampling process will be repeated every other 30-minute interval during the entire 
pump offloading process.  After the offload process, the sampler should consult with the plant’s 
quality control personnel to obtain an accurate, by the box, quantification of species being 
processed.  Lastly, to verify pump rates and landings estimates, the sampler should obtain a 
report of landings and processed fish from the plant manager after the off loading is complete. 
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2.3 PORTSIDE OBSERVATIONS BY ME DMR 
For the ME DMR portside sampling program, the samplers collect and quantify all bycatch from 
individual lots of fish (transported by trucks or vessels) that enter the processing facilities.  
Samplers position themselves at the point of entry into the facility along an assembly line or at 
the base of the hoppers where the fish are unloaded.  Sampling is conducted before grading or 
sorting of the catch occurs.  All bycatch is removed from the assembly line or hopper and placed 
in bushel baskets or buckets specific to each species. The total weight of any observed bycatch is 
recorded along with species identification, total species weight, individual lengths and weights of 
all fish according to a NMFS and ACCSP specified protocol.  If there is a large amount of one 
species, the total weight is recorded and then length frequencies and weight are gathered from a 
sub sample of n=50.  The information collected for each bycatch study is recorded on the data 
sheets (see “Data Sheets” section of packet) and entered into the DMR biological database.   
 
A sub-sampling protocol is sometimes utilized when sampling a large volume of catch.  
Instances where this is likely to occur include sampling sites where vessels land an entire catch 
(as much as one million pounds) to a single facility.  Sub-sampling is also appropriate in 
instances when there is an overwhelming amount of bycatch and/or non targeted species mixed 
in with the lot of fish.  In these cases it can be impossible to use the complete sampling protocol 
regardless of the amount inspected (< 80,000 lbs.).  These situations are likely to occur when 
vessels are fishing mixed groups of herring and mackerel, some of which have a 50-50 
composition.   
 
Sub-samples are to be collected using bushel baskets at timed intervals during the pumping or 
unloading process following the NMFS at-sea observer sampling protocol.  To accomplish this 
type of sub-sampling, one needs to know the total lot weight and the duration of time it will take 
to unload the catch.  After sampling, the bushel basket of fish should be sorted by species, and 
total weight of each species and length frequencies should be recorded (sub sample n=50, for 
length frequencies if more than fifty of any species occurs). 
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Example: 
 
Lot size = 120,000 lbs (3 Trucks) 
Pumping or unloading time = 3 hours (180 minutes) 
 
If a sample basket is to be collected for every 10,000 lbs of fish, then 12 sample baskets need to 
be collected over the entire pumping or unloading process. 
 
120,000 lbs/10,000 lbs = 12 
 
If the entire pumping or unloading process takes an estimated 180 minutes, then a basket 
sample needs to be taken every 15 mins. 
 
If the catch composition from the bushel baskets is 99% Atlantic Herring, then one can 
extrapolate that out of the 120,000 lbs unloaded, then 118,800lbs is Atlantic Herring. 
 
99% Atlantic Herring = 120,000 lbs x 0.99 = 118,800lbs of Atlantic Herring 
 
If the remaining 1% of the catch composition is Atlantic Mackerel, then one can extrapolate that 
out of the 120,000 lbs unloaded, 1,200lbs is Atlantic Mackerel 
 
1% Atlantic Mackerel = 120,000lbs x 0.01 = 1,200lbs of Atlantic Mackerel 
 
 

3.0 STATISTICAL ANALYSIS 
For this analysis, data were gathered from the various projects by either request or direct 
querying of the data.  In some cases, vessel trip report number was not available, and so trips 
between portside and at sea programs we matched by hand. 
 
Several species were pooled into a species grouping because of potential for mis-identification or 
to make the analysis easier to understand.  River herring group consisted of alewives, bluebacks 
and herring unknown were grouped as river herring.  American shad and hickory shad were 
grouped as shad.   Long-fin squid, short-fin squid and squid unknown were grouped as squid. 
 
The analysis compares the number of occurrences of bycatch species by sampling method using 
a paired t-test.  The binomial exact test was also used to check whether the probability of number 
of occurrence of bycatch in port sampling exceeding the number of occurrence in the observer 
sampling differed from 0.5.  
 
The analysis compares the proportion of trips containing a particular species groups using Wald 
test with correction for continuity.  Fisher’s exact test was used to convert the differences into 
odds ratios.  The test was conducted on the seven species groups with the highest percent 
occurrence: river herring, squid, silver hake, spiny dogfish, butterfish haddock, and shad.  The 
family-wise error rate for multiple comparisons was not corrected. 
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The percent agreement for presence/ absence of species group was measured for both sampling 
methods using two indices of similarity.  The first index was a simple matching index 
constructed by dividing the total the number of trips with joint presence and joint absence for 
both sampling methods by the total trips.  In this index, joint absence (double zeros) contributes 
to similarity.  However, the absence of a species group from both sampling methodology could 
be due to the trip occurring in an area or time where the species are not present, and inflating the 
index.  To address joint absences, the Jaccard coefficient was used:  the number of trips with 
joint presence divided by the number of trips with joint presence and the two unique 
combinations of present in one method and absent in the other.  The joint absences do not 
contribute to similarity in the Jaccard index.  This method was applied to seven species groups: 
river herring, squid, silver hake, spiny dogfish, butterfish, haddock and shad. 
 
The relationship between the observer and portside estimates of landed weight of bycatch species 
was assessed using Pearson’s product moment correlation coefficient.   Agreement was tested 
between port and observer trip landings estimates using a paired t-test.  T-tests were performed 
for all trips, trips without joint absences, and log transformed for trips without joint absences.   
Assumption that differences were distributed normally was assessed using quantile-quantile 
normal plots and Shapiro test for normality. 
 
The following summarizes the PDT’s questions and methodology for statistical evaluation of the 
portside/at-sea data: 

1. Is the frequency of detection of bycatch species similar for portside and observer 
program? 

a. Paired T-test for number of occurrences for portside and observer 
b. Exact binomial test for the probability of occurrence portside versus observer 

2. Does the estimate of percent occurrence differ between sampling methods for each 
bycatch species? 

a. Test difference in proportions among methods using Wald’s statistic with correction 
for continuity 

b. Get odds ratio using Fisher’s exact test 
3. Describe similarity of occurrence of species by tows 

a. Matching index (% agreement) 
b. Jaccard index ( % agreement excluding joint absence) 

4. Does the estimation of bycatch weight differ by method? 
a. Correlation between paired estimates by method 
b. Paired T-tests for differences in trip estimates by sampling methodology 
c. Provide estimates of total weight of landed bycatch with 95% confidence interval for 

each method 
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4.0 PRELIMINARY RESULTS (WORK IN PROGRESS) 
A total of 52 trips were sampled with both portside and at sea observer sampling between 2005 
and 2009 (Table 1).  The number of trips containing bycatch species groups by sampling 
methodology is shown in Table 2, and the number of trips as a proportion of total trips is shown 
in Table 5. 
 
The number of occurrences of bycatch species by methodology (at-sea versus portside) was 
significantly different (Table 3).  Port sampling averaged 1.9 more occurrences than the observer 
program.  The exact binomial test indicated that the probability of a species occurring portside 
versus at sea was significantly greater than 0.5, suggesting non-random effects (Table 4). 
 
For the seven most frequently caught bycatch species, the Herring PDT compared the proportion 
of trips with observed bycatch by methodology using Wald test statistic without adjustment for 
multiple comparisons (Table 6).  Overall, the proportions of trips with a particular species were 
significantly different for squid and for spiny dogfish only, with the portside sampling method 
having higher proportions than the observer. 
 
Similarity index for presence/ absence of species is presented in Table 7.  Similarity indices were 
relatively high for the simple matching coefficient (mean: 0.72, range: 0.54 to 0.87), but tended 
to be low for the Jaccard coefficient (mean: 0.30, range: 0.17 to 0.54).  The joint absences 
influence the similarity indices, and the true similarity is bounded by these two values.  Further 
work needs to be done to separate joint absences that reflect no occurrences in strata where the 
species occur from joint absences in strata where the species in not likely to occur.  
 
Scatterplots of paired portside and observer estimates for eight species are shown in Figure 1.  
The paired comparisons indicate little relationship between weight estimates from the Portside 
and Observer projects.  Correlation coefficients for these eight species are exhibited in Table 8.  
The correlations coefficients for 7 of the 8 species were low and not significantly different from 
zero.  Correlation coefficient was moderately high (0.80, 0.79) and significantly different from 
zero for spiny dogfish.  The correlation coefficient was highly influenced by one trip where both 
methods had high estimates of catch.  The correlation coefficient estimated without this pair was 
low and not significantly different from zero. 
 
Bland-Altman plots of the paired landings estimate between methods are shown in Figure 2.  
Variation is high, and differences are larger as might be expected given the low correlation 
between observer and paired estimates.  The distribution of paired differences was significantly 
different from normal and was strongly leptokurtic with more observations in the middle and 
tails for the full dataset and for the dataset without joint absences.  Only shad with removal of 
trips with joint absence were not significantly different from normal. A Bland-Altman plot of the 
log-transformed dataset is shown in Figure 3.  This dataset does not include the joint absences.   
Distribution of paired differences for log transformed data were not significantly different from 
normal except for spiny dogfish (p<0.01). Paired T-test results are provided in Table 9 and Table 
10.  No differences were significant for untransformed data, which is not surprising given the 
large variances.  Paired differences were not significant for the log transformed data except for 
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spiny dogfish (0.02) and haddock (p=0.04).  For non-significant tests, the confidence intervals 
were wide, indicating low power to detect differences. Spiny dogfish trip estimates from the 
observer sampling averaged 12% of the portside sampling estimates.  Haddock trip estimates 
from the observer sampling averaged 5% of the portside sampling estimates. 
 
Total estimates with 95% confidence intervals of landed catch by species and sampling method 
are shown in Table 11 and Table 12.  Table 11 uses parametric statistic to derive 95% confidence 
interval and Table 12 uses bootstrap percentiles to estimate 95% confidence limits.  These 
estimates were expanded using the trip estimates.  They are only useful for comparing the 
estimates across sampling methods.  As expected, confidence limits are wide.  Note that 
estimates from the fishery would include stratification by month, area and gear types will 
improve precision. 
 

5.0 PRELIMINARY CONCLUSIONS (WORK IN PROGRESS) 
Portside and at sea sampling are two very different approaches to document bycatch in the 
directed Atlantic herring fish.  During at-sea sampling observers have the ability to document 
discarded fish at sea and sample them.  During portside operations, samplers cannot do so.  
However portside samplers have a much more stable platform, better working conditions and 
more time for a thorough examination. 
 
The Herring PDT examined 52 trips which were sampled by both at sea and portside methods to 
test if both projects are similar in the amount and species composition detected.  The PDT found 
large differences in retained bycatch between the two programs.  More specifically, the portside 
sampling documented more occurrences of species, and a greater proportion of trips containing 
key bycatch species.  However, at sea observation, when extrapolated to the entire retained 
weight, shows much higher weights of the more prevalent species.  The lack of significant 
differences in many of the statically approaches taken here are a direct result of low sampling 
sizes.  More co-occurring trips are needed by strata (gear type, sample mythology, area, quarter, 
and year) to detect significant differences; especially for species which occur infrequently in 
sampling.  The analysis was further hampered by the number of co-occurring trips with either 
had no retained bycatch at all, or no bycatch of a particular species being tested. 
 
It should be noted that the PDT is not suggesting one project or method is more useful or more 
accurate than the other.  The PDT is, however, suggesting that pooling these two different 
methods of documenting bycatch may not be possible without further analysis and sampling.  
The PDT recommends a more thorough examination of both portside and at-sea observations to 
see if elucidation of these differences (and possible mathematical correction) is possible.  By 
focusing on increasing the number of co-occurring trips statistical analysis may lead to increased 
comparability by analysis of the methods employed by both projects. 
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Summary of Herring PDT Conclusions to Date (Work in Progress) 
1. Portside sampling method had more occurrences of bycatch than observer method.  

Proportion of occurrences in portside sampling is greater than at-sea observer sampling; and 
was significantly different from 0.5 

2. The proportion of trips containing a bycatch species was not significantly different between 
Portside and Observer methods except for squid and spiny dogfish.  Both of those species 
were significantly different 

3. Relatively low levels of agreement of occurrences particularly with the Jaccard index. 
4. No correlations between paired portside and observer trip estimates of weight 
5. Paired T-test on log transformed estimates found no significant differences except for spiny 

dogfish and haddock.  However, high variation in paired estimates lead to a loss of statistical 
power; and therefore the results cannot be taken as valid 

 
Summary of Herring PDT Advice:  Need to Examine Data to Find Sources of Variation 
(Work in Progress) 
A. High variability in trip estimates in both the portside and observer sampling 
B. Different methods for expanding within trip samples to trip estimates 
C. Sampling design issues 
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Year Quarter Purse seine 
Midwater 
trawl 

Paired 
Midwater trawl 

2005 

1 0 0 3 
2 0 0 1 
3 1 0 2 
4 0 1 2 

 

2006 

1 0 0 0 
2 0 0 0 
3 0 1 1 
4 0 0 0 

 

2007 

1 0 0 1 
2 0 0 0 
3 0 0 0 
4 0 0 0 

 

2008 

1 0 1 2 
2 2 0 2 
3 3 0 1 
4 0 0 7 

 

2009 

1 0 0 4 
2 5 0 4 
3 3 0 4 
4 0 0 1 

 
Total 
trips  14 3 35 

 
Table 1  Count of trips sampled by both Portside and At Sea Observer Programs by gear 

type, year and quarter 
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Species Group Purse seine Midwater trawl Paired Midwater trawl 
 Observer Portside Observer Portside Observer Portside 
River herring 2 3 2 1 15 20 
Squid 2 6 1 2 10 19 
Silver hake 3 6 0 2 12 15 
Spiny dogfish 4 8 0 2 4 14 
Butterfish 0 0 1 0 5 9 
Haddock 0 0 0 1 4 10 
Shad 0 0 0 1 5 8 
Red hake 0 0 0 1 0 6 
American plaice 0 1 0 1 0 3 
Longhorn sculpin 1 0 0 0 0 2 
Redfish 0 0 0 0 1 2 
Cod 0 0 0 1 0 1 
Fish unk 1 0 0 0 1 0 
Lumpfish 1 0 0 0 0 1 
Shrimp 0 1 0 0 0 1 
Cunner 0 0 0 0 1 0 
Cusk 0 0 0 1 0 0 
Little skate 0 0 0 0 0 1 
Menhaden 0 0 0 0 0 1 
Pollock 0 0 0 0 0 1 
Scup 0 0 0 0 0 1 
Sea raven 0 0 0 0 0 1 
Winter flounder 0 0 0 0 0 1 
       
Number of  trips 14 14 3 3 35 35 

 
Table 2  Count of trips containing bycatch by species group, gear type and sampling 

program 
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Mean difference 
95% confidence interval for 

mean difference P-value Degrees of Freedom 
-1.9 -2.6   to  -1.11   <0.001 41 

 
Table 3  Summary of paired t-Test for number of occurrences of bycatch species by 

sampling methodology for in trips 
Does not include trips with joint absence 
 
 
 
 
 
 
 

Number of occurrences 
Port occurrences > 

observers Proportion 

 
95% confidence 

interval 

Probability that 
Proportion  is not different 
from 0.5 

35 0.83 0.69-0.93 <0.001 
 
Table 4  Summary for exact binomial test of number of occurrences of Port> Observer in 

number of occurrence of a bycatch species 
Tests whether the true probability of Port occurrences > observer occurrences is not different 
from 0.5. 
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Species Group Purse seine Midwater trawl Paired Midwater trawl 
 Observer Portside Observer Portside Observer Portside 
River herring 0.14 0.21 0.67 0.33 0.43 0.57 
Squid 0.14 0.43 0.33 0.67 0.29 0.54 
Silver hake 0.21 0.43 0.00 0.67 0.34 0.43 
Spiny dogfish 0.29 0.57 0.00 0.67 0.11 0.40 
Butterfish 0.00 0.00 0.33 0.00 0.14 0.26 
Haddock 0.00 0.00 0.00 0.33 0.11 0.29 
Shad 0.00 0.00 0.00 0.33 0.14 0.23 
Red hake 0.00 0.00 0.00 0.33 0.00 0.17 
American plaice 0.00 0.07 0.00 0.33 0.00 0.09 
Longhorn sculpin 0.07 0.00 0.00 0.00 0.00 0.06 
Redfish 0.00 0.00 0.00 0.00 0.03 0.06 
Cod 0.00 0.00 0.00 0.33 0.00 0.03 
Fish unk 0.07 0.00 0.00 0.00 0.03 0.00 
Lumpfish 0.07 0.00 0.00 0.00 0.00 0.03 
Shrimp 0.00 0.07 0.00 0.00 0.00 0.03 
Cunner 0.00 0.00 0.00 0.00 0.03 0.00 
Cusk 0.00 0.00 0.00 0.33 0.00 0.00 
Little skate 0.00 0.00 0.00 0.00 0.00 0.03 
Menhaden 0.00 0.00 0.00 0.00 0.00 0.03 
Pollock 0.00 0.00 0.00 0.00 0.00 0.03 
Scup 0.00 0.00 0.00 0.00 0.00 0.03 
Sea raven 0.00 0.00 0.00 0.00 0.00 0.03 
Winter flounder 0.00 0.00 0.00 0.00 0.00 0.03 
       
Number of  trips 14 14 3 3 35 35 

 
Table 5  Counts of trips with occurrence of bycatch as proportion of total trips by species 

group, gear type and sampling method 
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Species 
group 

Port 
sampling 
Proportion 
 

Observer 
Proportion 

95%  
confidence 
interval on 
difference 

Odds 
ratio 

95% 
confidence 
interval on 
odds ratio 

Probability 
of odds 
ratio 

River herring 0.46 0.37 -0.11 - 0.30 1.48 0.63 - 3.52 0.42 
Butterfish 0.17 0.12 -0.10 - 0.21 0.58 0.46 - 5.94 0.58 
Squid 0.52 0.25 0.07 - 0.47 3.20 1.31 - 8.14       <0.01 
Silver hake 0.44 0.29 -0.05 - 0.36 1.94 0.81 - 4.79 0.15 
Spiny dogfish 0.46 0.15 0.12 - 0.49 5.08 1.72 - 13.71       <0.01 
Haddock 0.21 0.08 -0.02 - 0.29 3.18 0.86 - 14.7 0.09 
Shad 0.17 0.10 -0.72 - 0.23 1.95 0.54 - 8.03 0.39 

 
Table 6  Comparing the differences in proportion of trips with species in observer and 

portside trips for all gear types 
Test is two sided.  
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 Observer sampling   

Species group                    + - 
Matching 
coefficient 

Jaccard 
coefficient  

River 
herring 

Port + 15 9 0.75 0.54 
- 4 24  

  

Butterfish 

Port + 4 5 0.87 0.36 
- 2 41  

  

Squid 

Port + 8 19 0.54 0.25 
- 5 20  

  

Silver hake 

Port + 9 14 0.62 0.31 
- 6 23  

  

Spiny 
dogfish 

Port + 6 18 0.62 0.23 
- 2 26  

  

Haddock 

Port + 3 8 0.83 0.25 
- 1 40  

  

Shad 

Port + 2 7 0.81 0.17 
- 3 40  

 
Table 7  Count of trips with species groups present (+) or absent (-) by sampling method 

and two measures of percent agreement between methods 
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Species group All trips 

Excludes 
trips with 
double-
zeros.  

River herring -0.04 -0.13 
Squid 0.06 -0.01 
Silver hake 0.22 0.17 
haddock -0.02 -0.23 
Spiny dogfish1 0.80 0.79 
Spiny dogfish2 0.06 -0.08 
Butterfish 0.25 0.12 
Shad -0.04 -0.30 

 
Table 8  Pearson’s product moment correlation coefficients for observer and portside 

estimates of landed weight 
1.Correlation coefficients are  significantly different from 0 at P=0.05, but  correlation 

coefficients are highly influenced by one trip. 
2 Removing influential points lowers correlation coefficients to not significantly different from 

zero.  

 
 

Species group 

Mean 
difference 

 

95% Confidence 
interval for mean 

difference P-value 

Degrees 
of 

freedom  
 All trips 
River herring 1242.9          -131.4   - 2,617.2 0.08 51 
Squid -4.3      -98.1   -     89.6        0.93 51 
Silver hake 57.7     -176.1   -   291.6 0.62 51 
Spiny dogfish 57.8       -94.7   -   210.4 0.45 51 
Butterfish -158.1     -480.2   -   164.0   0.33 51 
Haddock -22.2    -206.9   -   162.6 0.81 51 
Shad 21.1      -39.9   -     82.2    0.49 51 
      
 Without trips with joint absence (double zeros) 
River herring 2308.3 -248.5  - 4,865.1 0.07 27 
Squid -7.0 -162.9  -    148.9 0.93 31 
Silver hake 103.5 -326.8 -    533.9 0.63 28 
Spiny dogfish 118.0 -203.2  -   439.2 0.46 24 
Butterfish -747.3 -2,439.2  -   944.5 0.35 10 
Haddock -96.1 -1,002.2  -   809.9 0.82 11 
Shad 91.6 -203.7  -   386.9 0.51 11 

 
Table 9  Summary of paired T-test for estimates of  trip catch by sampling method 

(observer-port) 
Upper table uses all 52 trips.  Bottom table does not include trips with joint absence. 
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Species group 

Mean 
difference 

 

95% Confidence 
interval for mean 

difference P-value 

Degrees 
of 

freedom  
 All trips 
River herring 2.68 0.46  - 15.58 0.26 27 
Squid 0.78 0.23  -   2.64 0.69 31 
Silver hake 0.62 0.17  -   2.26 0.45 28 
Spiny dogfish 0.12 0.02  -   0.68 0.02 24 
Butterfish 1.21 0.15  -   9.80 0.84 10 
Haddock 0.05 0.00  -   0.91 0.04 11 
Shad 0.79 0.04  - 15.70 0.86 11 

 
Table 10  Back-transformed summary of paired T-test for estimates of log trip catch by 

sampling method (observer-port) 
Analysis does not include trips with joint absence by both sampling methods.    Back transformed 
values are ratio of observer estimate to port sampling estimate. 
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Figure 1  Scatterplot of Observer weight against Portside weight 
Note that x and y scales differ among panels. 
Plot includes estimates where both port and observer estimates are zero. 
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Figure 2  Bland-Altman plot of paired estimates of landings 
Redline is average difference.  Blue line indicates 0.   Dataset  includes all trips including joint 
absence. 
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Comparison of port and observer est
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Figure 3  Bland-Altman plot of paired estimates of log landings 
Redline is average difference.  Blue line indicates 0.   Dataset  does not include trips with joint 
absence.   
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Species grouping 

Total 
portside 
estimate (lb) 95% confidence interval 

Total 
observer 
estimate 
lb 

95% confidence 
interval 

Fish unk 0 0 0 100,000 -64,784 264,784 
River herring 14,695 -1,030 30,420 79,327 10,313 148,341 
Spiny dogfish 13,076 -3,821 29,973 12,852 379 25,325 
Silver hake 7,372 5 14,739 10,375 -1,057 21,806 
Haddock 5,743 364 11,122 4,590 -3,264 12,443 
Butterfish 8,888 -8,023 25,798 667 -39 1,373 
Squid 3,769 -687 8,225 3,546 1,295 5,797 
Cunner 0   4,864 -4,901 14,629 
Shad 1,288 -193 2,769 2,387 -359 5,133 
Scup 1,667 -1,679 5,012 0   
Redfish 43 -38 124 210 -212 632 
Red hake 238 -36 512 0   
Pollock 160 -161 482 0   
Longhorn sculpin 6 -5 17 54 -54 162 
American plaice 35 -5 76 0   
Cod 17 -7 41 0   
Lumpfish 9 -9 27 6 -6 18 
Winter flounder 12 -12 36 0   
Shrimp 4 -4 12 0   
Menhaden 3 -4 11 0   
Sea Raven 3 -3 10 0   
Cusk 3 -3 8 0   
Little skate 2 -2 5 0   

 
Table 11  Estimates of total landings in weight with 95% confidence intervals derived from 

Observer and Portside sampling for 52 trips 
Total Estimate based on expansion of mean landings per individual trip. 
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Species 
grouping 

Total 
portside 
estimate 

(lb) 
95% confidence 
interval 

Total 
observer 
estimate 

lb 
95% confidence 

interval 
Fish unk 0   100,000 0 280,020 
River herring 14,695 3,250 32,614 79,331 23,348 154,440 
Spiny dogfish 13,076 2,777 36,156 12,849 2,621 26,140 
Silver hake 7,372 1,560 15,220 10,375 2,444 23,322 
Haddock 5,743 1,243 11,627 4,590 12 13,055 
Butterfish 10,375 16 26,083 667 132 1,452 
Squid 3,770 760 9,282 3,546 1,550 5,793 
Cunner 0 0 0 4,864 0 14,592 
Shad 1,288 142 3,124 2387 176 5,514 
Scup 1,667 0 5,000 0   
Redfish 43 0 129 0   
Red hake 238 38 541 0   
Pollock 160 0 481 0   
Longhorn 
sculpin 6 0 21 54 0 162 
American 
plaice 35 3 83 0   
Cod 17 0 46 0   
Lumpfish 9 0 27 6 0 24 
Winter 
flounder 12 0 36 0   
Shrimp 4 0 12 0   
Menhaden 3 0 10 0   
Sea Raven 3 0 10 0   
Cusk 3 0 8 0   
Little skate 2 0 5 0   

 
Table 12  Estimates of total landings in weight with 95% confidence intervals based on 

bootstrap percentiles derived from Observer and Portside sampling for 52 trips 
Total Estimate based on expansion of mean landings per individual trip. 
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Set type species r 
95% confidence  

interval P-value 

Bootstrap 
problem 
indicator 

95% confidence 
interval based on 

bootstrap 
All pairs River herring -0.04 -0.31 0.23 0.75  -0.11 0.19 
Non-zero pairs River herring -0.13 -0.48 0.26 0.52  -0.37 0.98 
         
All pairs Squid 0.06 -0.22 0.32 0.70 B -0.48 0.264 
Non-zero pairs Squid -0.01 -0.36 0.34 0.95  -0.17 0.6196 
         
All pairs Silver hake 0.22 -0.06 0.47 0.12 B 0.04 0.91 
Non-zero pairs Silver hake 0.17 -0.21 0.51 0.37 B -0.03 0.91 
         
All pairs Spiny dogfish1 0.80 0.68 0.88 <0.001 B -0.10 0.98 
Non-zero pairs spiny dogfish1 0.79 -0.45 0.32 0.70 B -0.27 0.98 
         
All pairs Butterfish-all 0.25 -0.03 0.49 0.08 B -0.04 0.99 
Non-zero pairs Butterfish-pos 0.12 -0.51 0.67 0.72 B -0.37 0.98 
         
All pairs Haddock -0.02 -0.29 0.25 0.89 B,S -0.08 0.64 
Non-zero pairs Haddock  -0.23 -0.71 0.40 0.47 B,S -0.48 0.26 

 
Table 13  Pearson’s product moment Correlation coefficients, 95% confidence interval and 

95% confidence interval from bootstrap for paired catches 
1.Correlation coefficients are  significantly different from 0 at P=0.05, but  correlation 
coefficients are highly influenced by one trip. 
2 Removing influential points lowers correlation coefficients to not significantly different from 
zero.   Bootstrap indicator: B= high bias, A= some bootstrap samples had zero standard 
deviations. 
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Background 

 At its May 2010 meeting, the New England Fisheries Management Council 
Herring Oversight Committee tasked the Plan Development Team (PDT) with identifying 
river herring hotspots as part of the analysis for Amendment 5 to the Atlantic Herring 
fishery management plan (FMP). Specifically, one of the objectives for Amendment 5 of 
the FMP is to address river herring bycatch in the Atlantic herring, Clupea harengus, 
fishery.  

 Here, the term "river herring" refers to alewife, Alosa pseudoharengus, and 
blueback herring, Alosa aestivalis. This analysis combines available data on both 
species to identify river herring hotspots. Furthermore, this work differs from other 
studies on the bycatch of river herring in ocean fisheries (Shepherd 1986, Cieri et al. 
2008, Wigley et al. 2009) because it incorporates fishery dependent and independent 
data. The following is a summary of the method and analysis developed by the PDT to 
identify river herring hotspots. 

Study Area 

 The study area includes the Atlantic herring fishery management plan areas that 
overlap the Eastern US Continental shelf (Fig. 1). 

Datasets and Data Selection 

 Multiple data sources are used in this analysis to identify river herring hotspots at 
sea. These sources include fishery dependent (Vessel Trip Reports, VTR and Northeast 
Fishery Observer Program, NEFOP) and fishery independent (National Marine 
Fisheries Service, NMFS bottom-trawl surveys) datasets (Tables 1-3). The most recent 
5 years (2005-2009) of fishery dependent data and 15 years (1994-2008) of fishery 
independent are pooled separately by dataset in the analysis.  

 Data from directed herring trips were selected from VTR and NEFOP databases 
and grouped by quarter: 1, 2, 3, and 4 (Tables 1 and 2). Here, directed herring trips 
were defined as 2,000 lbs of kept Atlantic herring on a trip. Data from other non-directed 
trips is not included in the analysis, but may become the scope of future examination. In 
addition, fishery dependent data included three broad gear categories: bottom otter-
trawl, purse seine, and mid-water trawl (combining single and pair mid-water trawls).  

 River herring data from observed directed herring trips (NEFOP) were 
presence/absence and weight (lbs) from each haul or set. Data from the Massachusetts 
Division of Marine Fisheries and the Maine Department of Marine Resources portside 
surveys were excluded because spatial information was not available for all years and 
all trips.  

 Selected river herring data from NMFS bottom-trawl surveys included 
presence/absence and the number of individuals found at each sampling location. 
Surveys were separated by season: winter, spring, and fall (Tables 3 and 4). 
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Methods 

Fishing Effort and River Herring Bycatch 

 To understand where and when the directed herring fishery operated throughout 
the fishing year, quarterly maps and tables of the number of trips per statistical area 
were constructed using VTRs (Figs. 2-5, Appendix Tables A.1-A.4). Fishing effort was 
approximated by the number of trips within a statistical area. Quarterly maps of fishing 
effort by statistical areas were color-coded from hot (red) to cool (blue) to identify fishing 
effort concentration areas.  

 These maps were overlaid with quarterly NEFOP data on river herring bycatch 
events from observed hauls and sets. Circles of increasing size represent the 
magnitude of the bycatch event. These bycatch events were binned into circles of 
increasing size using all years and quarters combined and then mapped separately by 
quarter.  

Hotspots 

 Seasonal NMFS bottom-trawl surveys were used to identify river herring 
"hotspot" areas (Appendix Figure A.1). Analyses for the winter, spring, and fall surveys 
were conducted separately for two spatial stratification schemes:  

 fisheries statistical areas (Fig. 1) and 

 survey strata (Appendix Figs. A.2- A.5). 

Regardless of the spatial stratification scheme, at least 10 tows per strata were required 
for inclusion in the analysis. Strata with less than 10 tows were omitted from the 
analysis.  

 For each seasonal survey and stratification scheme, two metrics were used to 
determine hotspots: 

 percent occurrence and 

 median Q index.  

Within each spatial stratum, percent occurrence was defined as the count of tows with 
river herring present divided by the total tows. For example if for a given area, the 
number of tows was 100, and out of those 100 tows 66 tows detected river herring. The 
percent occurrence for that area was 66%. The percent occurrence for each spatial 
strata was used for ranking. 

 The Q index standardizes the number of river herring caught per tow to reduce 
the effect of annual sampling variation and differences in sample size among years. The 
Q index can be interpreted as reflecting the density of river herring within a given spatial 
strata. Because the NMFS bottom trawl survey has predefined survey strata, results for 
the Q index that ignore the survey strata (i.e., results of the Q index for each statistical 
area) should be interpreted cautiously and may not reflect river herring density in a 

Amendment 5 Volume III - Appendix III (A)



 

4 
 

given area because such methods violate assumptions of the a priori survey sampling 
design. The median of the Q-index for each spatial strata was used for ranking 
hotspots. 

 The strata for each stratification scheme (i.e., statistical areas or survey strata) 
were ranked using each metric and recorded in respective tables, plots and maps 
(Figs.6-8, Appendix Tables A.5-A.10, Figs. A.6- A.14). Maps of ranked areas were 
color-coded from hot (red) to cool (blue or purple) to identify river herring hotspot areas. 
These maps were overlaid with quarterly NEFOP data on river herring bycatch from 
observed hauls and sets based on the timing of the NMFS bottom-trawl surveys (Table 
4).  

Results 

Fishing Effort and River Herring Bycatch 

 Visual differences in the spatial and temporal distribution of directed herring trips 
were evident from maps of fishing effort (Figs. 2-5). In general, fishing effort shifted from 
the northern Mid-Atlantic Bight and southern New England waters in quarter 1 to 
southern New England waters and the Gulf of Maine in quarter 2 (Figs. 2-3). In quarter 
3, fishing effort concentrated in the Gulf of Maine and Georges Bank (Fig. 4). Then 
during quarter 4, fishing effort spanned the Gulf of Maine and southern New England 
waters (Fig. 5). 

 Using NEFOP haul and set data, river herring bycatch events were inspected by 
quarter. River herring bycatch events in quarter 1 included areas in Ipswich Bay, off the 
back of Cape Cod, and in the northern Mid-Atlantic Bight (Fig.2). In quarter 2, river 
herring bycatch events occurred in the northern Gulf of Maine, off the back of Cape 
Cod, and the Mid-Atlantic Bight (Fig. 3). In quarter 3, bycatch events included areas in 
the northern Gulf of Maine (Fig. 4). For quarter 4, bycatch events included the northern 
Gulf of Maine, Ipswich Bay, Massachusetts Bay, the back of Cape Cod, south of 
Martha's Vineyard, and near Block Island (Fig. 5). 

Hotspots 

Results include river herring hotspot areas ranked in tables, plots, and maps: 

 percent occurrence by statistical area (Figs. 6-8, Appendix Tables A.5-A.7) 

 percent occurrence by survey strata (Appendix Figs. A.6-A.8, Tables A.8-A.10  

 median Q index by statistical area (Appendix Figs. A.9-A.11, Tables A.5-A.7) 

 median Q index by survey strata (Appendix A.12-A.14, Tables A.8-A.10). 

Each of these above combinations produced different hotspot maps. These seasonal 
maps were overlaid with observed river herring bycatch events by quarters. Although 
the timing of the quarterly observed river herring bycatch events did not perfectly match 
the timing of the seasonal NMFS bottom-trawl surveys (Table 4), they could be used to 
reference identified hotspot areas and in future analysis. 
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Tables 

 
Table 1: Number of directed herring trips separated by gear, year and quarter. Directed herring 
trips defined as 2,000 lbs of kept Atlantic herring on a trip. Gear categories include bottom otter-
trawl (OT), purse seine (PS) and mid-water trawl (PR). Mid-water trawl (PR) refers to pair and 
single mid-water trawls. Source: Vessel Trip Report Database 2005-2009. 
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Table 2: Observed hauls from directed herring trips separated by gear, year and quarter. Directed 
herring trips defined as 2,000 lbs of kept Atlantic herring on a trip. Source: NEFOP Database 2005-
2009. 
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Table 3: Number of tows from seasonal research surveys separated by year and season. Source: 
NMFS bottom-trawl surveys 1994-2008. 

 
Table 4: Number of tows from seasonal research surveys separated month, fishing quarter, and 
survey season. Note that spring and fall surveys overlap multiple fishing quarters. Source: NMFS 
bottom-trawl surveys 1994-2008. 
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Figures 
 

 
Figure 1: Study area of the Eastern US Continental Shelf. Overlapping Atlantic herring fishery 
management plan areas (Area 1A, 1B,  2, and 3) and fisheries management statistical areas (400-
700s) indicated. 
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Figure 2: Reported trips (VTR) and observed hauls and sets (OBS HAULS) from quarter 1, 2005-
2009 for directed herring trips by bottom otter-trawls, purse seines, and mid-water trawls (single 
and paired). Trips by statistical area are grouped from 122-813 (red), 7-121 (yellow), 1-6 (aqua), and 
0 (dark blue) trips. Scaled pink circles represent river herring bycatch (lbs) in observed hauls and 
sets for directed herring trips. A "+" signifies that an observed haul or set did not catch river 
herring. Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Sources: 
VTR Database 2005-2009 and NEFOP Database 2005-2009. 
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Figure 3: Reported trips (VTR) and observed hauls and sets (OBS HAULS) from quarter 2, 2005-
2009 for directed herring trips by bottom otter-trawls, purse seines, and mid-water trawls (single 
and paired). Trips by statistical area are grouped from 122-813 (red), 7-121 (yellow), 1-6 (aqua), and 
0 (dark blue) trips. Scaled pink circles represent river herring bycatch (lbs) in observed hauls and 
sets for directed herring trips. A "+" signifies that an observed haul or set did not catch river 
herring. Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Sources: 
VTR Database 2005-2009 and NEFOP Database 2005-2009. 
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Figure 4: Reported trips (VTR) and observed hauls and sets (OBS HAULS) from quarter 3, 2005-
2009 for directed herring trips by bottom otter-trawls, purse seines, and mid-water trawls (single 
and paired). Trips by statistical area are grouped from 122-813 (red), 7-121 (yellow), 1-6 (aqua), and 
0 (dark blue) trips. Scaled pink circles represent river herring bycatch (lbs) in observed hauls and 
sets for directed herring trips. A "+" signifies that an observed haul or set did not catch river 
herring.  Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Sources: 
VTR Database 2005-2009 and NEFOP Database 2005-2009. 
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Figure 5: Reported trips (VTR) and observed hauls and sets (OBS HAULS) from quarter 4, 2005-
2009 for directed herring trips by bottom otter-trawls, purse seines, and mid-water trawls (single 
and paired). Trips by statistical area are grouped from 122-813 (red), 7-121 (yellow), 1-6 (aqua), and 
0 (dark blue) trips. Scaled pink circles represent river herring bycatch (lbs) in observed hauls and 
sets for directed herring trips. A "+" signifies that an observed haul or set did not catch river 
herring. Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Sources: 
VTR Database 2005-2009 and NEFOP Database 2005-2009. 
 
 
 

Amendment 5 Volume III - Appendix III (A)



 

13 
 

 
Figure 6: Percent occurrence of river herring in winter research surveys by statistical area ranked 
from lowest to highest (top). Map of corresponding river herring percent occurrence by statistical 
area grouped from >74-100% (red), >52-74% (yellow), >18-52% (aqua), >0-18% (dark blue) and 0% 
(purple) (bottom). Ranks are based on river herring percent occurrence values in the spring 
research surveys. Scaled pink circles represent river herring bycatch (lbs) in observed hauls and 
sets from quarter 1 directed herring trips. A "+" signifies that an observed haul or set did not 
catch river herring. Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. 
Sources: NMFS bottom-trawl surveys 1994-2007 and NEFOP Database 2005-2009. 
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Figure 7: Percent occurrence of river herring in spring research surveys by statistical area ranked 
from lowest to highest (top). Map of corresponding river herring percent occurrence by statistical 
area grouped from >74-100% (red), >52-74% (yellow), >18-52% (aqua), >0-18% (dark blue) and 0% 
(purple) (bottom). Ranks are based on river herring percent occurrence values in the spring 
research surveys. Scaled pink circles represent river herring bycatch (lbs) in observed hauls and 
sets from quarter 1 and 2 directed herring trips. A "+" signifies that an observed haul or set did 
not catch river herring. Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a 
trip. Sources: NMFS bottom-trawl surveys 1994-2008 and NEFOP Database 2005-2009. 
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Figure 8: Percent occurrence of river herring in fall research surveys by statistical area ranked 
from lowest to highest (top). Map of corresponding river herring percent occurrence by statistical 
area grouped from >74-100% (red), >52-74% (yellow), >18-52% (aqua), >0-18% (dark blue) and 0% 
(purple) (bottom). Ranks are based on river herring percent occurrence values in the spring 
research surveys. Scaled pink circles represent river herring bycatch (lbs) in observed hauls and 
sets from quarter 3 and 4 directed herring trips. A "+" signifies that an observed haul or set did 
not catch river herring. Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a 
trip. Sources: NMFS bottom-trawl surveys 1994-2008 and NEFOP Database 2005-2009. 
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Appendix 
 

Tables 
 

 

Table A.1: Number of directed herring trips separated by gear and statistical area for quarter 1. 
Directed herring trips defined as 2,000 lbs of kept Atlantic herring on a trip. Gear categories 
include bottom otter-trawl (OT), purse seine (PS) and mid-water trawl (PR). Mid-water trawl (PR) 
refers to pair and single mid-water trawls. Source: Vessel Trip Report Database 2005-2009. 
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Table A.2: Number of directed herring trips separated by gear and statistical area for quarter 2. 
Directed herring trips defined as 2,000 lbs of kept Atlantic herring on a trip. Gear categories 
include bottom otter-trawl (OT), purse seine (PS) and mid-water trawl (PR). Mid-water trawl (PR) 
refers to pair and single mid-water trawls. Source: Vessel Trip Report Database 2005-2009. 
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Table A.3: Number of directed herring trips separated by gear and statistical area for quarter 3. 
Directed herring trips defined as 2,000 lbs of kept Atlantic herring on a trip. Gear categories 
include bottom otter-trawl (OT), purse seine (PS) and mid-water trawl (PR). Mid-water trawl (PR) 
refers to pair and single mid-water trawls. Source: Vessel Trip Report Database 2005-2009. 
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Table A.4: Number of directed herring trips separated by gear and statistical area for quarter 4. 
Directed herring trips defined as 2,000 lbs of kept Atlantic herring on a trip. Gear categories 
include bottom otter-trawl (OT), purse seine (PS) and mid-water trawl (PR). Mid-water trawl (PR) 
refers to pair and single mid-water trawls. Source: Vessel Trip Report Database 2005-2009. 
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Table A.5: Ranked statistical areas (AREA) using percent occurrence and median Q index 
calculated from river herring presence/absence and number of individuals, respectively, in winter 
research surveys. The number of survey tows (TOWS) by statistical area is provided. Statistical 
areas with less than 10 survey tows were excluded from the analysis. Source: NMFS bottom-trawl 
surveys 1994-2007. 
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Table A.6: Ranked statistical areas (AREA) using percent occurrence and median Q index 
calculated from river herring presence/absence and number of individuals, respectively, in spring 
research surveys. The number of survey tows (TOWS) by statistical area is provided. Statistical 
areas with less than 10 survey tows were excluded from the analysis. Source: NMFS bottom-trawl 
surveys 1994-2008. 
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Table A.7: Ranked statistical areas (AREA) using percent occurrence and median Q index 
calculated from river herring presence/absence and number of individuals, respectively, in fall 
research surveys. The number of survey tows (TOWS) by statistical area is provided. Statistical 
areas with less than 10 survey tows were excluded from the analysis. Source: NMFS bottom-trawl 
surveys 1994-2008. 
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Table A.8: Ranked survey strata (STRATUM) using percent occurrence and median Q index 
calculated from river herring presence/absence and number of individuals, respectively, in winter 
research surveys. The number of survey tows (TOWS) by survey strata is provided. Survey strata 
with less than 10 survey tows were excluded from the analysis. Source: NMFS bottom-trawl 
surveys 1994-2007. 
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NMFS BTS Spring 1994-2008 

 STRATUM TOWS Percent Occurrence Ranked   Median Q Index Ranked 
 3590 10 1 1 

 
0.98392021 2 

 1240 89 0.95505618 2 
 

0.223246262 33 
 1370 74 0.932432432 3 

 
0.100069653 49 

 1380 59 0.93220339 4 
 

-0.425750232 81 
 3050 27 0.925925926 5 

 
-0.111339016 64 

 3600 23 0.913043478 6 
 

0.605991274 10 
 3450 22 0.909090909 7 

 
0.117136801 46 

 1400 32 0.90625 8 
 

0.149316234 42 
 3020 29 0.896551724 9 

 
0.556287714 12 

 1351 27 0.888888889 10 
 

0.197099084 35 
 3660 16 0.875 11 

 
0.828594137 5 

 1050 63 0.873015873 12 
 

0.305303336 27 
 3360 29 0.862068966 13 

 
-0.782222878 91 

 1060 106 0.858490566 14 
 

-0.884740393 94 
 1390 42 0.857142857 15 

 
0.201154176 34 

 3300 14 0.857142857 15 
 

0.337011254 26 
 1280 105 0.847619048 17 

 
0.090882184 50 

 3270 13 0.846153846 18 
 

-0.636722591 89 
 3210 12 0.833333333 19 

 
-1.024235236 96 

 3280 30 0.833333333 19 
 

-0.421201932 80 
 1360 112 0.821428571 21 

 
-0.09588692 61 

 3240 28 0.821428571 21 
 

-0.277764259 74 
 3350 27 0.814814815 23 

 
-1.140641133 97 

 3340 30 0.8 24 
 

-1.402562283 106 
 3250 29 0.793103448 25 

 
0.690971688 6 

 3140 24 0.791666667 26 
 

0.551356512 13 
 3130 28 0.785714286 27 

 
-0.849977935 93 

 3220 31 0.774193548 28 
 

-1.441988721 107 
 1270 57 0.771929825 29 

 
-0.099565033 62 

 1340 69 0.768115942 30 
 

-0.43550702 82 
 1220 53 0.754716981 31 

 
0.174848423 39 

 3060 12 0.75 32 
 

-0.592992878 88 
 3180 12 0.75 32 

 
-0.336583687 77 

 1090 67 0.746268657 34 
 

-0.403730172 79 
 3160 31 0.741935484 35 

 
0.975207456 3 

 1070 27 0.740740741 36 
 

0.256053654 31 
 3170 27 0.740740741 36 

 
-0.446773288 83 

 1010 99 0.737373737 38 
 

-0.965170421 95 
 3330 15 0.733333333 39 

 
-1.872819983 108 

 3260 29 0.724137931 40 
 

1.267823155 1 
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3460 18 0.722222222 41 
 

0.439552304 19 
 3200 28 0.714285714 42 

 
0.117473003 45 

 3610 27 0.703703704 43 
 

0.669111025 7 
 3150 10 0.7 44 

 
0.251872066 32 

 3580 10 0.7 44 
 

-0.822222227 92 
 3110 29 0.689655172 46 

 
-1.358142081 105 

 3320 25 0.68 47 
 

0.129317899 44 
 1020 96 0.677083333 48 

 
-0.059313664 59 

 1250 37 0.675675676 49 
 

0.178130245 37 
 1290 106 0.660377358 50 

 
-0.271242146 72 

 1230 57 0.649122807 51 
 

-0.110929914 63 
 3230 28 0.642857143 52 

 
-1.150390295 98 

 3310 28 0.642857143 52 
 

0.008703763 54 
 1260 53 0.641509434 54 

 
-0.169355223 69 

 3040 30 0.633333333 55 
 

-0.466113337 84 
 3290 27 0.62962963 56 

 
-0.188232439 71 

 3400 31 0.612903226 57 
 

-0.336711484 78 
 3370 30 0.6 58 

 
0.378768747 24 

 3080 29 0.586206897 59 
 

0.274516216 29 
 3120 12 0.583333333 60 

 
-1.174267118 100 

 3190 31 0.580645161 61 
 

-0.161000479 67 
 3100 28 0.571428571 62 

 
0.285591522 28 

 3390 14 0.571428571 62 
 

-0.49048516 86 
 1690 86 0.569767442 64 

 
-0.177319148 70 

 1730 71 0.563380282 65 
 

0.06968492 51 
 1100 111 0.54954955 66 

 
0.175575848 38 

 3070 28 0.535714286 67 
 

-0.044458845 58 
 3090 15 0.533333333 68 

 
-0.330351013 76 

 3380 29 0.517241379 69 
 

0.921262905 4 
 3550 49 0.489795918 70 

 
-1.184282207 101 

 1030 27 0.481481481 71 
 

0.386232718 23 
 1300 42 0.476190476 72 

 
0.34623796 25 

 3410 25 0.44 73 
 

-0.161902497 68 
 3420 14 0.428571429 74 

 
0.132054335 43 

 1080 12 0.416666667 75 
 

0.453304692 18 
 3030 12 0.416666667 75 

 
0.581798938 11 

 1650 97 0.371134021 77 
 

-0.275296784 73 
 1740 55 0.327272727 78 

 
0.102399329 47 

 3440 29 0.310344828 79 
 

0.405802856 22 
 1180 10 0.3 80 

 
-0.663761088 90 

 1210 55 0.290909091 81 
 

0.150809258 41 
 1040 15 0.266666667 82 

 
0.261225105 30 

 1330 24 0.25 83 
 

0.652803781 9 
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1140 43 0.23255814 84 
 

0.510421643 15 
 3430 28 0.214285714 85 

 
0.652876207 8 

 1110 29 0.206896552 86 
 

-1.305749876 103 
 1130 132 0.204545455 87 

 
-0.030573692 56 

 1170 40 0.2 88 
 

0.051529331 52 
 1190 119 0.18487395 89 

 
0.185623879 36 

 1150 11 0.181818182 90 
 

-0.14902602 66 
 1200 72 0.180555556 91 

 
-1.207827251 102 

 1610 43 0.162790698 92 
 

-0.032260003 57 
 1700 53 0.132075472 93 

 
0.415497455 21 

 1750 33 0.090909091 94 
 

-1.316687896 104 
 1760 13 0.076923077 95 

 
0.425856017 20 

 7510 19 0.052631579 96 
 

-0.48635946 85 
 7520 20 0.05 97 

 
-0.323161627 75 

 1670 30 0.033333333 98 
 

0.167895865 40 
 1160 161 0.02484472 99 

 
-0.116149263 65 

 8500 43 0.023255814 100 
 

0.457571568 17 
 1660 45 0.022222222 101 

 
0.462974908 16 

 1620 31 0 102 
 

-1.159325505 99 
 1630 26 0 102 

 
0.102028247 48 

 1640 13 0 102 
 

0.525458197 14 
 1710 30 0 102 

 
-0.009284042 55 

 1720 13 0 102 
 

-0.583942112 87 
 8510 21 0 102 

 
-0.081641868 60 

 8520 19 0 102 
 

0.047231444 53 
  

 
Table A.9: Ranked survey strata (STRATUM) using percent occurrence and median Q index 
calculated from river herring presence/absence and number of individuals, respectively, in spring 
research surveys. The number of survey tows (TOWS) by survey strata is provided. Survey strata 
with less than 10 survey tows were excluded from the analysis. Source: NMFS bottom-trawl 
surveys 1994-2008. 
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NMFS BTS Fall 1994-2008 
 

 
STRATUM TOWS 

Percent 
Occurrence Ranked   

Median Q 
Index Ranked 

 
 

3660 17 0.882352941 1 
 

1.539239575 2 
 

 
1390 43 0.813953488 2 

 
-0.837880357 85 

 
 

3590 10 0.8 3 
 

-0.36418973 70 
 

 
3600 17 0.705882353 4 

 
-0.254212876 67 

 
 

3610 22 0.545454545 5 
 

-0.130311289 59 
 

 
1351 27 0.518518519 6 

 
-0.871442581 87 

 
 

1340 73 0.479452055 7 
 

-1.122502735 95 
 

 
1400 23 0.47826087 8 

 
-0.47769524 74 

 
 

1330 31 0.419354839 9 
 

0.628904218 23 
 

 
1260 55 0.418181818 10 

 
0.161718192 43 

 
 

1380 70 0.414285714 11 
 

-1.163226259 98 
 

 
1270 61 0.360655738 12 

 
0.679963176 20 

 
 

1360 111 0.36036036 13 
 

-0.180664628 64 
 

 
1370 68 0.279411765 14 

 
0.450533597 30 

 
 

1280 99 0.181818182 15 
 

-0.949118092 92 
 

 
3060 13 0.153846154 16 

 
0.982187822 8 

 
 

1210 55 0.127272727 17 
 

0.0260233 51 
 

 
1230 68 0.117647059 18 

 
0.732832448 16 

 
 

3130 29 0.103448276 19 
 

-0.183321897 65 
 

 
1060 109 0.091743119 20 

 
-0.766634312 83 

 
 

7520 23 0.086956522 21 
 

0.228319336 39 
 

 
3030 12 0.083333333 22 

 
0.208084426 42 

 
 

3390 13 0.076923077 23 
 

2.00481621 1 
 

 
1290 105 0.076190476 24 

 
-0.14798711 60 

 
 

1130 133 0.07518797 25 
 

0.057655565 46 
 

 
1160 174 0.074712644 26 

 
-0.398668486 73 

 
 

3460 27 0.074074074 27 
 

-1.148320885 97 
 

 
3430 28 0.071428571 28 

 
0.779002499 14 

 
 

3040 30 0.066666667 29 
 

0.410669459 33 
 

 
3070 30 0.066666667 29 

 
1.100658507 6 

 
 

1100 111 0.063063063 31 
 

0.72119365 17 
 

 
1140 43 0.046511628 32 

 
0.893391581 11 

 
 

1090 69 0.043478261 33 
 

0.252457727 38 
 

 
3450 24 0.041666667 34 

 
-1.749463555 102 

 
 

7510 24 0.041666667 34 
 

0.029346272 50 
 

 
1220 54 0.037037037 36 

 
0.433906575 31 

 
 

1240 82 0.036585366 37 
 

-0.663612748 80 
 

 
3160 29 0.034482759 38 

 
0.267491304 37 
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3290 29 0.034482759 38 

 
0.429204943 32 

 
 

3280 31 0.032258065 40 
 

0.209718939 41 
 

 
1200 82 0.024390244 41 

 
-0.396090443 72 

 
 

1300 41 0.024390244 41 
 

0.281213419 36 
 

 
8500 43 0.023255814 43 

 
0.5263253 27 

 
 

1050 56 0.017857143 44 
 

0.95809196 9 
 

 
1690 86 0.011627907 45 

 
-0.072196593 54 

 
 

1020 99 0.01010101 46 
 

0.022067181 52 
 

 
1650 103 0.009708738 47 

 
0.631104762 22 

 
 

1010 100 0 48 
 

-0.930520742 90 
 

 
1030 27 0 48 

 
0.481330406 28 

 
 

1040 12 0 48 
 

0.685622787 19 
 

 
1070 26 0 48 

 
-0.160038135 62 

 
 

1080 12 0 48 
 

-0.073283889 55 
 

 
1110 27 0 48 

 
-0.865119542 86 

 
 

1120 10 0 48 
 

-0.665486325 81 
 

 
1150 13 0 48 

 
-1.997465415 103 

 
 

1170 40 0 48 
 

0.389130196 34 
 

 
1180 16 0 48 

 
0.674500102 21 

 
 

1190 106 0 48 
 

-0.902536708 88 
 

 
1250 38 0 48 

 
-0.148506179 61 

 
 

1610 44 0 48 
 

-0.176197876 63 
 

 
1620 31 0 48 

 
0.030680333 49 

 
 

1630 25 0 48 
 

0.225386874 40 
 

 
1660 44 0 48 

 
-1.016610625 93 

 
 

1670 23 0 48 
 

-0.597221192 77 
 

 
1700 59 0 48 

 
0.462273931 29 

 
 

1710 26 0 48 
 

0.915935105 10 
 

 
1730 74 0 48 

 
-1.100658507 94 

 
 

1740 58 0 48 
 

-0.523354539 76 
 

 
1750 25 0 48 

 
-0.203393041 66 

 
 

1760 10 0 48 
 

-0.096559642 58 
 

 
3020 27 0 48 

 
0.045925081 48 

 
 

3050 27 0 48 
 

0.718372769 18 
 

 
3080 27 0 48 

 
-1.281551566 99 

 
 

3090 14 0 48 
 

-0.936377457 91 
 

 
3100 27 0 48 

 
-0.677353304 82 

 
 

3110 29 0 48 
 

-0.382867268 71 
 

 
3140 25 0 48 

 
-0.036468129 53 

 
 

3150 10 0 48 
 

0.086702021 45 
 

 
3170 24 0 48 

 
0.529644281 26 

 
 

3180 13 0 48 
 

0.735856255 15 
 

 
3190 28 0 48 

 
1.009544967 7 
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3200 29 0 48 

 
-1.662834768 101 

 
 

3220 30 0 48 
 

-1.144354957 96 
 

 
3230 26 0 48 

 
-0.774676276 84 

 
 

3240 25 0 48 
 

-0.522490436 75 
 

 
3250 28 0 48 

 
-0.282700278 68 

 
 

3260 28 0 48 
 

-0.07919625 56 
 

 
3270 11 0 48 

 
0.049986821 47 

 
 

3300 12 0 48 
 

0.605502043 24 
 

 
3310 29 0 48 

 
0.826293052 13 

 
 

3320 27 0 48 
 

1.219666404 3 
 

 
3330 12 0 48 

 
-2.039499792 104 

 
 

3340 29 0 48 
 

-1.373650623 100 
 

 
3350 27 0 48 

 
-0.909053665 89 

 
 

3360 27 0 48 
 

-0.597500894 78 
 

 
3370 28 0 48 

 
-0.33121538 69 

 
 

3380 30 0 48 
 

-0.091198392 57 
 

 
3400 29 0 48 

 
0.121728316 44 

 
 

3410 29 0 48 
 

0.382052875 35 
 

 
3420 10 0 48 

 
0.571782999 25 

 
 

3440 29 0 48 
 

1.178106063 4 
 

 
3550 51 0 48 

 
-0.656184088 79 

 
 

8510 20 0 48 
 

0.863339047 12 
 

 
8520 21 0 48 

 
1.148320885 5 

  
 

Table A.10: Ranked survey strata (STRATUM) using percent occurrence and median Q index 
calculated from river herring presence/absence and number of individuals, respectively, in fall 
research surveys. The number of survey tows (TOWS) by survey strata is provided. Survey strata 
with less than 10 survey tows were excluded from the analysis. Source: NMFS bottom-trawl 
surveys 1994-2008. 
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Figures 
 

 

Figure A.1: Map of seasonal research surveys. Source: NMFS bottom-trawl surveys 1994-2008. 
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Figure A.2: Map of research survey strata in the Gulf of Maine and Georges Bank. Source: NMFS 
2010. 
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Figure A.3: Map of research survey strata in the northern Mid-Atlantic Bight. Source: NMFS 2010. 
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Figure A.4: Map of research survey strata in the central Mid-Atlantic Bight. Source: NMFS 2010. 
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Figure A.5: Map of research survey strata in the southern Mid-Atlantic Bight. Source: NMFS 2010. 
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Figure A.6: Percent occurrence of river herring in winter research surveys by survey strata ranked 
from lowest to highest (top). Map of corresponding river herring percent occurrence by survey 
strata grouped by quantiles (bottom). Scaled pink circles represent river herring bycatch (lbs) in 
observed hauls and sets from quarter 1 directed herring trips. A "+" signifies that an observed 
haul or set did not catch river herring. Directed herring trips are defined as 2,000 lbs of kept 
Atlantic herring on a trip. Sources: NMFS bottom-trawl surveys 1994-2007 and NEFOP Database 
2005-2009. 
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Figure A.7: Percent occurrence of river herring in spring research surveys by survey strata ranked 
from lowest to highest (top). Map of corresponding river herring percent occurrence by survey 
strata grouped by quantiles (bottom). Scaled pink circles represent river herring bycatch (lbs) in 
observed hauls and sets from quarter 1 and 2 directed herring trips. A "+" signifies that an 
observed haul or set did not catch river herring. Directed herring trips are defined as 2,000 lbs of 
kept Atlantic herring on a trip. Sources: NMFS bottom-trawl surveys 1994-2008 and NEFOP 
Database 2005-2009. 
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Figure A.8: Percent occurrence of river herring in fall research surveys by survey strata ranked 
from lowest to highest (top). Map of corresponding river herring percent occurrence by survey 
strata grouped by quantiles (bottom). Scaled pink circles represent river herring bycatch (lbs) in 
observed hauls and sets from quarter 3 and 4 directed herring trips. A "+" signifies that an 
observed haul or set did not catch river herring. Directed herring trips are defined as 2,000 lbs of 
kept Atlantic herring on a trip. Sources: NMFS bottom-trawl surveys 1994-2008 and NEFOP 
Database 2005-2009. 
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Figure A.9: Median Q index of river herring in winter research surveys by statistical area ranked 
from lowest to highest (top). Map of corresponding river herring median Q index by statistical area 
grouped by quantiles (bottom). Scaled pink circles represent river herring bycatch (lbs) in 
observed hauls and sets from quarter 1 directed herring trips. A "+" signifies that an observed 
haul or set did not catch river herring. Directed herring trips are defined as 2,000 lbs of kept 
Atlantic herring on a trip. Sources: NMFS bottom-trawl surveys 1994-2007 and NEFOP Database 
2005-2009. 
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Figure A.10: Median Q index of river herring in spring research surveys by statistical area ranked 
from lowest to highest (top). Map of corresponding river herring median Q index by statistical area 
grouped by quantiles (bottom). Scaled pink circles represent river herring bycatch (lbs) in 
observed hauls and sets from quarter 1 and 2 directed herring trips. A "+" signifies that an 
observed haul or set did not catch river herring. Directed herring trips are defined as 2,000 lbs of 
kept Atlantic herring on a trip. Sources: NMFS bottom-trawl surveys 1994-2008 and NEFOP 
Database 2005-2009. 
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Figure A.11: Median Q index of river herring in fall research surveys by statistical area ranked 
from lowest to highest (top). Map of corresponding river herring median Q index by statistical area 
grouped by quantiles (bottom). Scaled pink circles represent river herring bycatch (lbs) in 
observed hauls and sets from quarter 3 and 4 directed herring trips. A "+" signifies that an 
observed haul or set did not catch river herring. Directed herring trips are defined as 2,000 lbs of 
kept Atlantic herring on a trip. Sources: NMFS bottom-trawl surveys 1994-2008 and NEFOP 
Database 2005-2009. 
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Figure A.12: Median Q index of river herring in winter research surveys by survey strata ranked 
from lowest to highest (top). Map of corresponding river herring median Q index by survey strata 
grouped by quantiles (bottom). Scaled pink circles represent river herring bycatch (lbs) in 
observed hauls and sets from quarter 1 directed herring trips. A "+" signifies that an observed 
haul or set did not catch river herring. Directed herring trips are defined as 2,000 lbs of kept 
Atlantic herring on a trip. Sources: NMFS bottom-trawl surveys 1994-2007 and NEFOP Database 
2005-2009. 
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Figure A.13: Median Q index of river herring in spring research surveys by survey strata ranked 
from lowest to highest (top). Map of corresponding river herring median Q index by survey strata 
grouped by quantiles (bottom). Scaled pink circles represent river herring bycatch (lbs) in 
observed hauls and sets from quarter 1 and 2 directed herring trips. A "+" signifies that an 
observed haul or set did not catch river herring. Directed herring trips are defined as 2,000 lbs of 
kept Atlantic herring on a trip. Sources: NMFS bottom-trawl surveys 1994-2008 and NEFOP 
Database 2005-2009. 
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Figure A.14: Median Q index of river herring in fall research surveys by survey strata ranked from 
lowest to highest (top). Map of corresponding river herring median Q index by survey strata 
grouped by quantiles (bottom). Scaled pink circles represent river herring bycatch (lbs) in 
observed hauls and sets from quarter 3 and 4 directed herring trips. A "+" signifies that an 
observed haul or set did not catch river herring. Directed herring trips are defined as 2,000 lbs of 
kept Atlantic herring on a trip. Sources: NMFS bottom-trawl surveys 1994-2008 and NEFOP 
Database 2005-2009. 
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Background 

 At its May 2010 meeting, the New England Fisheries Management Council 
Herring Oversight Committee (Committee) tasked the Plan Development Team (PDT) 
with identifying river herring hotspots as part of the analysis for Amendment 5 to the 
Atlantic Herring fishery management plan (FMP). Specifically, one of the objectives for 
Amendment 5 of the FMP is to address river herring bycatch in the Atlantic herring, 
Clupea harengus, fishery.  

 Here, the term "river herring" refers to alewife, Alosa pseudoharengus, and 
blueback herring, Alosa aestivalis. This analysis combines available data on both 
species to identify river herring hotspots. As recommended by the Committee at its July 
2010 meeting, the following is an update to the methods and analysis developed by the 
PDT to identify river herring hotspots. 

Study Area 

 The study area includes the Atlantic herring fishery management plan areas that 
overlap the Eastern US Continental shelf (Fig. 1). 

Datasets and Data Selection 

 Multiple data sources are used in this analysis to identify river herring hotspots at 
sea. These sources include fishery dependent (Vessel Trip Reports, VTR and Northeast 
Fishery Observer Program, NEFOP) and fishery independent (National Marine 
Fisheries Service, NMFS bottom-trawl surveys) datasets (Tables 1-3). The most recent 
5 years (2005-2009) of fishery dependent data and all years (1948-2008) of fishery 
independent are pooled separately by dataset in the analysis.  

 Data from directed herring trips were selected from VTR and NEFOP databases 
and grouped into bimonthly blocks (Tables 1 and 2). Here, directed herring trips were 
defined as 2,000 lbs of kept Atlantic herring on a trip. Data from other non-directed trips 
is not included in the analysis, but may become the scope of future examination. In 
addition, fishery dependent data included three broad gear categories: bottom otter-
trawl, purse seine, and mid-water trawl (combining single and pair mid-water trawls).  

 River herring data from observed directed herring trips (NEFOP) were 
presence/absence and weight (lbs) from each haul or set. Data from the Massachusetts 
Division of Marine Fisheries and the Maine Department of Marine Resources portside 
surveys were excluded because spatial information was not available for all years and 
all trips.  

 Selected river herring data from NMFS bottom-trawl surveys included 
presence/absence and the number of individuals found at each sampling location. 
Surveys were separated by season: winter, spring, summer and fall (Tables 3 and 4). 
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Methods 

Fishing Effort and River Herring Bycatch 

 To understand where and when the directed herring fishery operated throughout 
the fishing year, bimonthly maps and tables of the number of trips per statistical area 
were constructed using VTRs (Appendix Tables A1-A6 and Figs. A1-A6). Fishing effort 
was approximated by the number of trips within a statistical area. Bimonthly maps of 
fishing effort by statistical areas were color-coded from hot (red) to cool (blue) to identify 
fishing effort concentration areas.  

 These maps were overlaid with bimonthly NEFOP data on river herring bycatch 
events from observed hauls and sets. Circles of increasing size represent the 
magnitude of the bycatch event. These bycatch events were binned into circles of 
increasing size using all years and months combined and then mapped separately in 
bimonthly blocks.  

Survey Hotspots 

 Seasonal NMFS bottom-trawl surveys were used to identify river herring 
"hotspot" areas. Analyses for the winter, spring, summer and fall surveys were 
conducted separately using a quarter degree squares spatial stratification scheme. 
Greater than 10 tows per square were required for inclusion in the analysis. Squares 
with less than 10 tows were omitted from the analysis.  

 For each seasonal survey, two metrics were used to determine hotspots: 

 percent occurrence and 

 percent occurrence and catch in number (number of individuals).  

Percent occurrence. Within each square, percent occurrence was defined as the 
count of tows with river herring present divided by the total tows. For example if for a 
given area, the number of tows was 100, and out of those 100 tows 66 tows detected 
river herring. The percent occurrence for that area was 66%. The percent occurrence 
for each square was used for ranking. Maps of ranked squares were color-coded from 
hot (red) to cool (blue or purple) to identify river herring hotspot areas. 

Percent occurrence and catch in number. An algorithm defined hot spots based 
on the intersection of the set of squares above a selected quantile for percent 
occurrence and set of squares above a selected quantile of a summary statistic for river 
herring catch (number of individuals). Tows with no river herring catch were omitted 
from the analysis. For example, candidate hotspots can be defined using the 75th 
quantile of percent occurrence and 75th quantile of median catch in number. Candidate 
“hot spot” squares were identified as squares meeting the following criteria: 

 percent occurrence and mean catch in number ≥ the 75th quantiles of both 
variables 
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 percent occurrence and median catch in number ≥ the 75th quantiles of both 
variables 

 percent occurrence and catch in number ≥ the 75th quantiles of both variables. 

 Candidate squares were ranked using each metric and recorded in respective 
tables, plots and maps (Appendix Tables A7-A18, Figs. A7- A38). These candidate 
hotspots were overlaid with bimonthly directed fishing trips per statistical area (VTRs) 
and river herring bycatch from observed hauls and sets (NEFOP) based on the timing of 
the NMFS bottom-trawl surveys (Figs. 2-5, Table 4).  

Results 

Fishing Effort and River Herring Bycatch 

 Visual differences in the spatial and temporal distribution of directed herring trips 
were evident from maps of fishing effort (Appendix Figs. A1-A6). In general during the 
first six months of the year, fishing effort shifted from the northern Mid-Atlantic Bight and 
southern New England waters (January-February) to primarily southern New England 
waters (March-April), and then to the Gulf of Maine (May-June). Then, fishing effort 
concentrated in the Gulf of Maine and Georges Bank (July-August and September-
October), contracting to the Gulf of Maine and southern New England waters 
(November-December) at the end of the year. 

 Using NEFOP haul and set data, river herring bycatch events were inspected 
bimonthly (Appendix Figs. A1-A6). River herring bycatch events included areas in 
Ipswich Bay, off the back of Cape Cod, and in the northern Mid-Atlantic Bight (January-
February and March-April). River herring bycatch events occurred in the northern Gulf 
of Maine and off the back of Cape Cod (May- June). Bycatch events also included areas 
in the northern Gulf of Maine (July-August and September-October), Ipswich Bay 
(September-October and November-December), and Massachusetts Bay, the back of 
Cape Cod, south of Martha's Vineyard, and near Block Island (November-December). 

Survey Hotspots 

Results include river herring hotspot areas ranked in tables, plots, and maps: 

 percent occurrence (Appendix Figs. A31-A34) 

 percent occurrence and mean catch in number ≥ the 75th quantiles of both 
variables (Appendix Tables A7, A10, A13, A16,  and Figs. A7, A10, A13, A16, 
A19, A22, A25, A28, A35-A38)  

 percent occurrence and median catch in number ≥ the 75th quantiles of both 
variables (Appendix Tables A8, A11, A14, A17,  and Figs. A8, A11, A14, A17, 
A20, A23, A26, A29, A35-A38) 

 percent occurrence and catch in number ≥ the 75th quantiles of both variables 
(Appendix Tables A9, A12, A15, A18,  and Figs. A9, A12, A15, A18, A21, A24, 
A27, A30, A35-A38) 
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Each of these above combinations produced different hotspot maps, but there was 
substantial overlap among maps of candidate river herring hotspot areas (Appendix 
Figs. A35-A38 and Table 5). The number of identified candidate river herring hotspot 
areas also varied by identification method and season (Table 5).  

Fishing Effort, River Herring Bycatch, and Survey Hotspots 

Fishery Observer data, Vessel Trip Reports and seasonal candidate hotspots 
provide can be integrated at the bimonthly-quarter degree square resolution.  Fishery 
observer data can provide information on the distribution of observed river herring 
bycatch on a bimonthly-block basis for areas where the fishery is prosecuted.  VTR data 
can provide spatial distribution of fishing effort.  Note that the historic distribution of 
effort reflects locations where Atlantic herring and Atlantic mackerel can be caught.  
These target species may be available in other areas not currently fished because of 
regulations or economic considerations. Candidate hotspots are defined as bimonthly 
blocks combinations with high (≥75th quantile) of both percent occurrence and counts. 
The candidate spots provide information on the relative likelihood of encountering river 
herring for areas that have either little to no fishing effort or observer coverage.   The 
candidate hotspots can be useful for evaluating the likely impact of changing the spatial-
temporal distribution of fishing effort on reducing river herring bycatch. 

We provide an example of the integrative approach by overlaying candidate 
hotspots identified using blocks at or above the 75th quantiles of the median catch in 
number and percent occurrence with fishing effort and observed river herring bycatch 
(Figures 2-5).  We note that resolution finer than bimonthly and quarter degree square is 
not feasible. 

Additional Information 

 State by state migration patterns of alewife, blueback herring, and American 
shad, Alosa sapidissima, in state fresh waters are included for reference (Table A19). 
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 Tables

 

Table 1: Number of directed herring trips separated by gear, year and bimonthly 
groupings. Directed herring trips defined as 2,000 lbs of kept Atlantic herring on a trip. 
Gear categories include bottom otter-trawl (OT), purse seine (PS) and mid-water trawl 
(PR). Mid-water trawl (PR) refers to pair and single mid-water trawls. Source: Vessel 
Trip Report Database 2005-2009. 
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Table 2: Observed hauls from directed herring trips separated by gear, year and 
bimonthly groupings. Gear categories include bottom otter-trawl (OT), purse seine (PS) 
and mid-water trawl (PR). Mid-water trawl (PR) refers to pair and single mid-water 
trawls. Directed herring trips defined as 2,000 lbs of kept Atlantic herring on a trip. 
Source: NEFOP Database 2005-2009. 
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Table 3: Number of tows from seasonal research surveys separated by year and 
season. Source: NMFS bottom-trawl surveys 1948-2008. 

Amendment 5 Volume III - Appendix III (B)



9 
 

 

Table 4: Number of tows from seasonal research surveys separated month, fishing 
quarter, and survey season. Note that spring and fall surveys overlap multiple fishing 
quarters. Source: NMFS bottom-trawl surveys 1948-2008. 

 

 

 

Table 5: Resulting number of candidate river herring hotspot areas by season. 
Candidate “hot spot” quarter degree squares identified as squares with percent 
occurrence and mean catch in number ≥ the 75th quantiles of both variables (mean), 
percent occurrence and median catch in number ≥ the 75th quantiles of both variables 

(median), and percent occurrence and catch in number ≥ the 75th quantiles of both 
variables (75th). Source: NMFS bottom-trawl surveys 1948-2008. 
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Figures 

 
 
Figure 1: Study area of the Eastern US Continental Shelf. Overlapping Atlantic herring 
fishery management plan areas (Area 1A, 1B, 2, and 3) and fisheries management 
statistical areas (400-700s) indicated. 
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Figure 2: Reported trips (VTR) and observed hauls and sets (NEFOP) during January 
and February, 2005-2009 for directed herring trips by bottom otter-trawls, purse seines, 
and mid-water trawls (single and paired). Trips by statistical area are grouped from 69-
247 (red), 6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled pink circles 
represent river herring bycatch (lbs) in observed hauls and sets for directed herring 
trips. A "+" signifies that an observed haul or set did not catch river herring. Directed 
herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Winter candidate 
river herring “hot spot” quarter degree squares identified as squares with percent 
occurrence and median catch in number ≥ the 75th quantiles of both variables (bold 
outlined quarter degree squares). Sources: VTR Database 2005-2009, NEFOP 
Database 2005-2009, and Winter 1963-2007 NMFS bottom-trawl surveys. 
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Figure 3: Reported trips (VTR) and observed hauls and sets (NEFOP) during March and 
April, 2005-2009 for directed herring trips by bottom otter-trawls, purse seines, and mid-
water trawls (single and paired). Trips by statistical area are grouped from 69-74 (red), 
6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled pink circles represent river 
herring bycatch (lbs) in observed hauls and sets for directed herring trips. A "+" signifies 
that an observed haul or set did not catch river herring. Directed herring trips are 
defined as 2,000 lbs of kept Atlantic herring on a trip. Spring candidate river herring “hot 
spot” quarter degree squares identified as squares with percent occurrence and median 
catch in number ≥ the 75th quantiles of both variables (bold outlined quarter degree 
squares). Sources: VTR Database 2005-2009, NEFOP Database 2005-2009, and 
Spring 1965-2008 NMFS bottom-trawl surveys. 
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Figure 4: Reported trips (VTR) and observed hauls and sets (NEFOP) during July and 
August, 2005-2009 for directed herring trips by bottom otter-trawls, purse seines, and 
mid-water trawls (single and paired). Trips by statistical area are grouped from 69-568 
(red), 6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled pink circles represent 
river herring bycatch (lbs) in observed hauls and sets for directed herring trips. A "+" 
signifies that an observed haul or set did not catch river herring. Directed herring trips 
are defined as 2,000 lbs of kept Atlantic herring on a trip. Summer candidate river 
herring “hot spot” quarter degree squares identified as squares with percent occurrence 
and median catch in number ≥ the 75th quantiles of both variables (bold outlined quarter 
degree squares). Sources: VTR Database 2005-2009, NEFOP Database 2005-2009, 
and Summer 1948-1995 NMFS bottom-trawl surveys. 
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Figure 5: Reported trips (VTR) and observed hauls and sets (NEFOP) during 
September and October, 2005-2009 for directed herring trips by bottom otter-trawls, 
purse seines, and mid-water trawls (single and paired). Trips by statistical area are 
grouped from 69-342(red), 6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled pink 
circles represent river herring bycatch (lbs) in observed hauls and sets for directed 
herring trips. A "+" signifies that an observed haul or set did not catch river herring. 
Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Fall 
candidate river herring “hot spot” quarter degree squares identified as squares with 
percent occurrence and median catch in number ≥ the 75th quantiles of both variables 
(bold outlined quarter degree squares). Sources: VTR Database 2005-2009, NEFOP 
Database 2005-2009, and Fall 1963-2008 NMFS bottom-trawl surveys. 
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Appendix 

Tables 

 

Table A1: Number of directed herring trips separated by gear and statistical area for 
January-February. Directed herring trips defined as 2,000 lbs of kept Atlantic herring on 
a trip. Gear categories include bottom otter-trawl (OT), purse seine (PS) and mid-water 
trawl (PR). Mid-water trawl (PR) refers to pair and single mid-water trawls. Source: 
Vessel Trip Report Database 2005-2009. 
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Table A2: Number of directed herring trips separated by gear and statistical area for 
March-April. Directed herring trips defined as 2,000 lbs of kept Atlantic herring on a trip. 
Gear categories include bottom otter-trawl (OT), purse seine (PS) and mid-water trawl 
(PR). Mid-water trawl (PR) refers to pair and single mid-water trawls. Source: Vessel 
Trip Report Database 2005-2009. 

 

 

Amendment 5 Volume III - Appendix III (B)



17 
 

 

Table A3: Number of directed herring trips separated by gear and statistical area for 
May-June. Directed herring trips defined as 2,000 lbs of kept Atlantic herring on a trip. 
Gear categories include bottom otter-trawl (OT), purse seine (PS) and mid-water trawl 
(PR). Mid-water trawl (PR) refers to pair and single mid-water trawls. Source: Vessel 
Trip Report Database 2005-2009. 
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Table A4: Number of directed herring trips separated by gear and statistical area for 
July-August. Directed herring trips defined as 2,000 lbs of kept Atlantic herring on a trip. 
Gear categories include bottom otter-trawl (OT), purse seine (PS) and mid-water trawl 
(PR). Mid-water trawl (PR) refers to pair and single mid-water trawls. Source: Vessel 
Trip Report Database 2005-2009. 
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Table A5: Number of directed herring trips separated by gear and statistical area for 
September-October. Directed herring trips defined as 2,000 lbs of kept Atlantic herring 
on a trip. Gear categories include bottom otter-trawl (OT), purse seine (PS) and mid-
water trawl (PR). Mid-water trawl (PR) refers to pair and single mid-water trawls. 
Source: Vessel Trip Report Database 2005-2009. 
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Table A6: Number of directed herring trips separated by gear and statistical area for 
November-December. Directed herring trips defined as 2,000 lbs of kept Atlantic herring 
on a trip. Gear categories include bottom otter-trawl (OT), purse seine (PS) and mid-
water trawl (PR). Mid-water trawl (PR) refers to pair and single mid-water trawls. 
Source: Vessel Trip Report Database 2005-2009. 
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Table A7: Spring candidate “hot spot” quarter degree squares identified as squares with 
percent occurrence and mean catch in number ≥ the 75th quantiles of both variables. 
Source: Spring 1968-2008 NMFS bottom-trawl surveys. 
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Table A8: Spring candidate “hot spot” quarter degree squares identified as squares with 
percent occurrence and median catch in number ≥ the 75th quantiles of both variables. 
Source: Spring 1968-2008 NMFS bottom-trawl surveys. 
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Table A9: Spring candidate “hot spot” quarter degree squares identified as squares with 
percent occurrence and catch in number ≥ the 75th quantiles of both variables. Source: 
Spring 1968-2008 NMFS bottom-trawl surveys. 
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Table A10: Summer candidate “hot spot” quarter degree squares identified as squares 
with percent occurrence and mean catch in number ≥ the 75th quantiles of both 
variables. Source: Summer 1948-1995 NMFS bottom-trawl surveys. 

 

 

Table A11: Summer candidate “hot spot” quarter degree squares identified as squares 
with percent occurrence and median catch in number ≥ the 75th quantiles of both 
variables. Source: Summer 1948-1995 NMFS bottom-trawl surveys. 
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Table A12: Summer candidate “hot spot” quarter degree squares identified as squares 
with percent occurrence and catch in number ≥ the 75th quantiles of both variables. 
Source: Summer 1948-1995 NMFS bottom-trawl surveys. 
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Table A13: Fall candidate “hot spot” quarter degree squares identified as squares with 
percent occurrence and mean catch in number ≥ the 75th quantiles of both variables. 
Source: Fall 1963-2008 NMFS bottom-trawl surveys. 
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Table A14: Fall candidate “hot spot” quarter degree squares identified as squares with 
percent occurrence and median catch in number ≥ the 75th quantiles of both variables. 
Source: Fall 1963-2008 NMFS bottom-trawl surveys. 
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Table A15: Fall candidate “hot spot” quarter degree squares identified as squares with 
percent occurrence and catch in number ≥ the 75th quantiles of both variables. Source: 
Fall 1963-2008 NMFS bottom-trawl surveys. 
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Table A16: Winter candidate “hot spot” quarter degree squares identified as squares 
with percent occurrence and mean catch in number ≥ the 75th quantiles of both 
variables. Source: Winter 1964-2007 NMFS bottom-trawl surveys. 

 

 

Table A17: Winter candidate “hot spot” quarter degree squares identified as squares 
with percent occurrence and median catch in number ≥ the 75th quantiles of both 
variables. Source: Winter 1964-2007 NMFS bottom-trawl surveys. 
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Table A18: Winter candidate “hot spot” quarter degree squares identified as squares 
with percent occurrence and catch in number ≥ the 75th quantiles of both variables. 
Source: Winter 1964-2007 NMFS bottom-trawl surveys. 

 

 

Table A19: Migration patterns of alewife, blueback, and American shad in state fresh 
waters (following three pages). Note that New Jersey is currently a place holder and will 
be updated. “SA” indicates some activity and “PA” indicates peak activity. ASMFC Shad 
and River herring Technical Committee 2010. 
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Figures 

 

Figure A1: Reported trips (VTR) and observed hauls and sets (NEFOP) during January 
and February, 2005-2009 for directed herring trips by bottom otter-trawls, purse seines, 
and mid-water trawls (single and paired). Trips by statistical area are grouped from 69-
247 (red), 6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled pink circles 
represent river herring bycatch (lbs) in observed hauls and sets for directed herring 
trips. A "+" signifies that an observed haul or set did not catch river herring. Directed 
herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Sources: VTR 
Database 2005-2009 and NEFOP Database 2005-2009. 
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Figure A2: Reported trips (VTR) and observed hauls and sets (NEFOP) during March 
and April, 2005-2009 for directed herring trips by bottom otter-trawls, purse seines, and 
mid-water trawls (single and paired). Trips by statistical area are grouped from 69-74 
(red), 6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled pink circles represent 
river herring bycatch (lbs) in observed hauls and sets for directed herring trips. A "+" 
signifies that an observed haul or set did not catch river herring. Directed herring trips 
are defined as 2,000 lbs of kept Atlantic herring on a trip. Sources: VTR Database 2005-
2009 and NEFOP Database 2005-2009. 
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Figure A3: Reported trips (VTR) and observed hauls and sets (NEFOP) during May and 
June, 2005-2009 for directed herring trips by bottom otter-trawls, purse seines, and mid-
water trawls (single and paired). Trips by statistical area are grouped from 69-398 (red), 
6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled pink circles represent river 
herring bycatch (lbs) in observed hauls and sets for directed herring trips. A "+" signifies 
that an observed haul or set did not catch river herring. Directed herring trips are 
defined as 2,000 lbs of kept Atlantic herring on a trip. Sources: VTR Database 2005-
2009 and NEFOP Database 2005-2009. 
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Figure A4: Reported trips (VTR) and observed hauls and sets (NEFOP) during July and 
August, 2005-2009 for directed herring trips by bottom otter-trawls, purse seines, and 
mid-water trawls (single and paired). Trips by statistical area are grouped from 69-568 
(red), 6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled pink circles represent 
river herring bycatch (lbs) in observed hauls and sets for directed herring trips. A "+" 
signifies that an observed haul or set did not catch river herring. Directed herring trips 
are defined as 2,000 lbs of kept Atlantic herring on a trip. Sources: VTR Database 2005-
2009 and NEFOP Database 2005-2009. 
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Figure A5: Reported trips (VTR) and observed hauls and sets (NEFOP) during 
September and October, 2005-2009 for directed herring trips by bottom otter-trawls, 
purse seines, and mid-water trawls (single and paired). Trips by statistical area are 
grouped from 69-342 (red), 6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled 
pink circles represent river herring bycatch (lbs) in observed hauls and sets for directed 
herring trips. A "+" signifies that an observed haul or set did not catch river herring. 
Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Sources: 
VTR Database 2005-2009 and NEFOP Database 2005-2009. 
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Figure A6: Reported trips (VTR) and observed hauls and sets (NEFOP) during 
November and December, 2005-2009 for directed herring trips by bottom otter-trawls, 
purse seines, and mid-water trawls (single and paired). Trips by statistical area are 
grouped from 69-133 (red), 6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled 
pink circles represent river herring bycatch (lbs) in observed hauls and sets for directed 
herring trips. A "+" signifies that an observed haul or set did not catch river herring. 
Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Sources: 
VTR Database 2005-2009 and NEFOP Database 2005-2009. 
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Figure A7: Spring quarter degree squares ranked by mean river herring catch (number 
of individuals +1). Note the logarithmic scale on the y-axis. Source: Spring 1968-2008 
NMFS bottom-trawl surveys. 

 

Figure A8: Spring quarter degree squares ranked by median river herring catch (number 
of individuals +1). Note the logarithmic scale on the y-axis. Source: Spring 1968-2008 
NMFS bottom-trawl surveys. 
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Figure A9: Spring quarter degree squares ranked by 75th quantile of river herring catch 
(number of individuals +1). Note the logarithmic scale on the y-axis. Source: Spring 
1968-2008 NMFS bottom-trawl surveys. 

 

Figure A10: Summer quarter degree squares ranked by mean river herring catch 
(number of individuals +1). Note the logarithmic scale on the y-axis. Source: Summer 
1948-1995 NMFS bottom-trawl surveys. 
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Figure A11: Summer quarter degree squares ranked by median river herring catch 
(number of individuals +1). Note the logarithmic scale on the y-axis. Source: Summer 
1948-1995 NMFS bottom-trawl surveys. 

 

Figure A12: Summer quarter degree squares ranked by 75th quantile of river herring 
catch (number of individuals +1). Note the logarithmic scale on the y-axis. Source: 
Summer 1948-1995 NMFS bottom-trawl surveys. 
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Figure A13: Fall quarter degree squares ranked by mean river herring catch (number of 
individuals +1). Note the logarithmic scale on the y-axis. Source: Fall 1963-2008 NMFS 
bottom-trawl surveys. 

 

Figure A14: Fall quarter degree squares ranked by median river herring catch (number 
of individuals +1). Note the logarithmic scale on the y-axis. Source: Fall 1963-2008 
NMFS bottom-trawl surveys. 
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Figure A15: Fall quarter degree squares ranked by 75th quantile of river herring catch 
(number of individuals +1). Note the logarithmic scale on the y-axis. Source: Fall 1963-
2008 NMFS bottom-trawl surveys. 

 

Figure A16: Winter quarter degree squares ranked by mean river herring catch (number 
of individuals +1). Note the logarithmic scale on the y-axis. Source: Winter 1964-2007 
NMFS bottom-trawl surveys. 
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Figure A17: Winter quarter degree squares ranked by median river herring catch 
(number of individuals +1). Note the logarithmic scale on the y-axis. Source: Winter 
1964-2007 NMFS bottom-trawl surveys. 

 

Figure A18: Winter quarter degree squares ranked by 75th quantile of river herring 
catch (number of individuals +1). Note the logarithmic scale on the y-axis. Source: 
Winter 1964-2007 NMFS bottom-trawl surveys. 
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Figure A19: Spring percent occurrence against mean catch in number for quarter 
degree square (dark blue circles).  Solid lines are 25th and 75th quantiles (red=percent 
occurrence, blue=mean catch in number.  Dashed lines are medians (red=percent 
occurrence, blue=mean catch in number.  Hot spots are defined as squares having 
percent occurrence and mean catch in number ≥ 75th quantiles for each variable. 
Source: Spring 1968-2008 NMFS bottom-trawl surveys. 
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Figure A20: Spring percent occurrence against median catch in number for quarter 
degree square (dark blue circles).  Solid lines are 25th and 75th quantiles (red=percent 
occurrence, blue=median catch in number.  Dashed lines are medians (red=percent 
occurrence, blue=median catch in number.  Hot spots are defined as squares having 
percent occurrence and median catch in number ≥ 75th quantiles for each variable. 
Source: Spring 1968-2008 NMFS bottom-trawl surveys. 
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Figure A21: Spring percent occurrence against 75th quantile of catch in number for 
quarter degree square (dark blue circles).  Solid lines are 25th and 75th quantiles 
(red=percent occurrence, blue=75th quantile of catch in number.  Dashed lines are 
medians (red=percent occurrence, blue=75th quantile of catch in number.  Hot spots are 
defined as squares having percent occurrence and 75th quantile of catch in number ≥ 
75th quantiles for each variable. Source: Spring 1968-2008 NMFS bottom-trawl 
surveys. 
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Figure A22: Summer percent occurrence against mean catch in number for quarter 
degree square (dark blue circles).  Solid lines are 25th and 75th quantiles (red=percent 
occurrence, blue=mean catch in number.  Dashed lines are medians (red=percent 
occurrence, blue=mean catch in number.  Hot spots are defined as squares having 
percent occurrence and mean catch in number ≥ 75th quantiles for each variable. 
Source: Summer 1948-1995 NMFS bottom-trawl surveys. 
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Figure A23: Summer percent occurrence against median catch in number for quarter 
degree square (dark blue circles).  Solid lines are 25th and 75th quantiles (red=percent 
occurrence, blue=median catch in number.  Dashed lines are medians (red=percent 
occurrence, blue=median catch in number.  Hot spots are defined as squares having 
percent occurrence and median catch in number ≥ 75th quantiles for each variable. 
Source: Summer 1948-1995 NMFS bottom-trawl surveys. 
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Figure A24: Summer percent occurrence against 75th quantile of catch in number for 
quarter degree square (dark blue circles).  Solid lines are 25th and 75th quantiles 
(red=percent occurrence, blue=75th quantile of catch in number.  Dashed lines are 
medians (red=percent occurrence, blue=75th quantile of catch in number.  Hot spots are 
defined as squares having percent occurrence and 75th quantile of catch in number ≥ 
75th quantiles for each variable. Source: Summer 1948-1995 NMFS bottom-trawl 
surveys. 
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Figure A25: Fall percent occurrence against mean catch in number for quarter degree 
square (dark blue circles).  Solid lines are 25th and 75th quantiles (red=percent 
occurrence, blue=mean catch in number.  Dashed lines are medians (red=percent 
occurrence, blue=mean catch in number.  Hot spots are defined as squares having 
percent occurrence and mean catch in number ≥ 75th quantiles for each variable. 
Source: Fall 1963-2008 NMFS bottom-trawl surveys. 
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Figure A26: Fall percent occurrence against median catch in number for quarter degree 
square (dark blue circles).  Solid lines are 25th and 75th quantiles (red=percent 
occurrence, blue=median catch in number.  Dashed lines are medians (red=percent 
occurrence, blue=median catch in number.  Hot spots are defined as squares having 
percent occurrence and median catch in number ≥ 75th quantiles for each variable. 
Source: Fall 1963-2008 NMFS bottom-trawl surveys. 
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Figure A27: Fall percent occurrence against 75th quantile of catch in number for quarter 
degree square (dark blue circles).  Solid lines are 25th and 75th quantiles (red=percent 
occurrence, blue=75th quantile of catch in number.  Dashed lines are medians 
(red=percent occurrence, blue=75th quantile of catch in number.  Hot spots are defined 
as squares having percent occurrence and 75th quantile of catch in number ≥ 75th 
quantiles for each variable. Source: Fall 1963-2008 NMFS bottom-trawl surveys. 
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Figure A28: Winter percent occurrence against mean catch in number for quarter 
degree square (dark blue circles).  Solid lines are 25th and 75th quantiles (red=percent 
occurrence, blue=mean catch in number.  Dashed lines are medians (red=percent 
occurrence, blue=mean catch in number.  Hot spots are defined as squares having 
percent occurrence and mean catch in number ≥ 75th quantiles for each variable. 
Source: Winter 1964-2007 NMFS bottom-trawl surveys. 
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Figure A29: Winter percent occurrence against median catch in number for quarter 
degree square (dark blue circles).  Solid lines are 25th and 75th quantiles (red=percent 
occurrence, blue=median catch in number.  Dashed lines are medians (red=percent 
occurrence, blue=median catch in number.  Hot spots are defined as squares having 
percent occurrence and median catch in number ≥ 75th quantiles for each variable. 
Source: Winter 1964-2007 NMFS bottom-trawl surveys. 
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Figure A30: Winter percent occurrence against 75th quantile of catch in number for 
quarter degree square (dark blue circles).  Solid lines are 25th and 75th quantiles 
(red=percent occurrence, blue=75th quantile of catch in number.  Dashed lines are 
medians (red=percent occurrence, blue=75th quantile of catch in number.  Hot spots are 
defined as squares having percent occurrence and 75th quantile of catch in number ≥ 
75th quantiles for each variable. Source: Winter 1964-2007 NMFS bottom-trawl 
surveys. 
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Figure A31: Percent occurrence of river herring in spring research surveys by statistical 
area ranked from lowest to highest (top). Map of corresponding river herring percent 
occurrence by quarter degree squares grouped from > 75% - 100% (red), > 50% - 75% 
(yellow), > 25% - 50% (aqua), > 0 - 25% (blue) and 0% (purple) (bottom). Source: 
Spring 1968-2008 NMFS bottom-trawl surveys. 
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Figure A32: Percent occurrence of river herring in summer research surveys by 
statistical area ranked from lowest to highest (top). Map of corresponding river herring 
percent occurrence by quarter degree squares grouped from > 75% - 100% (red), > 
50% - 75% (yellow), > 25% - 50% (aqua), > 0 - 25% (blue) and 0% (purple) (bottom). 
Source: Summer 1948-1995 NMFS bottom-trawl surveys. 
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Figure A33: Percent occurrence of river herring in fall research surveys by statistical 
area ranked from lowest to highest (top). Map of corresponding river herring percent 
occurrence by quarter degree squares grouped from > 75% - 100% (red), > 50% - 75% 
(yellow), > 25% - 50% (aqua), > 0 - 25% (blue) and 0% (purple) (bottom). Source: Fall 
1963-2008 NMFS bottom-trawl surveys. 
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Figure A34: Percent occurrence of river herring in winter research surveys by statistical 
area ranked from lowest to highest (top). Map of corresponding river herring percent 
occurrence by quarter degree squares grouped from > 75% - 100% (red), > 50% - 75% 
(yellow), > 25% - 50% (aqua), > 0 - 25% (blue) and 0% (purple) (bottom). Source: 
Winter 1964-2007 NMFS bottom-trawl surveys. 
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Figure A35: Spring candidate “hot spot” quarter degree squares identified as squares 
with percent occurrence and mean catch in number ≥ the 75th quantiles of both 
variables (yellow outlined squares), percent occurrence and median catch in number ≥ 
the 75th quantiles of both variables (red squares), and percent occurrence and catch in 
number ≥ the 75th quantiles of both variables (hatched squares). Source: Spring 1968-
2008 NMFS bottom-trawl surveys. 
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Figure A36: Summer candidate “hot spot” quarter degree squares identified as squares 
with percent occurrence and mean catch in number ≥ the 75th quantiles of both 
variables (yellow outlined squares), percent occurrence and median catch in number ≥ 
the 75th quantiles of both variables (red squares), and percent occurrence and catch in 
number ≥ the 75th quantiles of both variables (hatched squares). Source: Summer 
1948-1995 NMFS bottom-trawl surveys. 
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Figure A37: Fall candidate “hot spot” quarter degree squares identified as squares with 
percent occurrence and mean catch in number ≥ the 75th quantiles of both variables 
(yellow outlined squares), percent occurrence and median catch in number ≥ the 75th 
quantiles of both variables (red squares), and percent occurrence and catch in number 
≥ the 75th quantiles of both variables (hatched squares). Source: Fall 1963-2008 NMFS 
bottom-trawl surveys. 
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Figure A38: Winter candidate “hot spot” quarter degree squares identified as squares 
with percent occurrence and mean catch in number ≥ the 75th quantiles of both 
variables (yellow outlined squares), percent occurrence and median catch in number ≥ 
the 75th quantiles of both variables (red squares), and percent occurrence and catch in 
number ≥ the 75th quantiles of both variables (hatched squares). Source: Winter 1963-
2007 NMFS bottom-trawl surveys. 
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Table S1: Frequency table of river herring bycatch (lbs) in observed hauls and sets for 
directed herring trips by gear type and bimonthly blocks. Gear categories include bottom 
otter-trawls (OT), purse seines (PS), and mid-water trawls-single and paired (PR). 
Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Note this 
table corresponds with the scaled pink circles in Appendix Figs. A1-A6. Source: NEFOP 
Database 2005-2009. 
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Figure S1: Reported trips (VTR) and observed hauls and sets (NEFOP) during May and 
June, 2005-2009 for directed herring trips by bottom otter-trawls, purse seines, and mid-
water trawls (single and paired). Trips by statistical area are grouped from 69-398 (red), 
6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled pink circles represent river 
herring bycatch (lbs) in observed hauls and sets for directed herring trips. A "+" signifies 
that an observed haul or set did not catch river herring. Directed herring trips are 
defined as 2,000 lbs of kept Atlantic herring on a trip. Spring candidate river herring “hot 
spot” quarter degree squares identified as squares with percent occurrence and median 
catch in number ≥ the 75th quantiles of both variables (bold outlined quarter degree 
squares). Sources: VTR Database 2005-2009, NEFOP Database 2005-2009, and 
Spring 1965-2008 NMFS bottom-trawl surveys. 
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Figure S2: Reported trips (VTR) and observed hauls and sets (NEFOP) during 
November and December, 2005-2009 for directed herring trips by bottom otter-trawls, 
purse seines, and mid-water trawls (single and paired). Trips by statistical area are 
grouped from 69-133 (red), 6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled 
pink circles represent river herring bycatch (lbs) in observed hauls and sets for directed 
herring trips. A "+" signifies that an observed haul or set did not catch river herring. 
Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Fall 
candidate river herring “hot spot” quarter degree squares identified as squares with 
percent occurrence and median catch in number ≥ the 75th quantiles of both variables 
(bold outlined quarter degree squares). Sources: VTR Database 2005-2009, NEFOP 
Database 2005-2009, and Fall 1963-2008 NMFS bottom-trawl surveys. 
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Figure S3: Reported trips (VTR) and observed hauls and sets (NEFOP) during 
November and December, 2005-2009 for directed herring trips by bottom otter-trawls, 
purse seines, and mid-water trawls (single and paired). Trips by statistical area are 
grouped from 69-133 (red), 6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled 
pink circles represent river herring bycatch (lbs) in observed hauls and sets for directed 
herring trips. A "+" signifies that an observed haul or set did not catch river herring. 
Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Winter 
candidate river herring “hot spot” quarter degree squares identified as squares with 
percent occurrence and median catch in number ≥ the 75th quantiles of both variables 
(bold outlined quarter degree squares). Sources: VTR Database 2005-2009, NEFOP 
Database 2005-2009, and Winter 1963-2007 NMFS bottom-trawl surveys. 
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Purpose 

The current Atlantic Herring Fishery Management Plan (FMP) Amendment 5 (A5) draft 

discussion document contains several management alternatives to address river herring (alewife, 

Alosa pseudoharengus, and blueback herring, Alosa aestivalis) bycatch in the directed Atlantic 

herring, Clupea harengus, fishery (NEFMC 2010). The management alternatives under 

consideration include 100% monitoring, Closed Area I provisions, a move-along rule, 

implementing the Sustainable Fisheries Coalition (SFC) project through a Framework 

Adjustment (FW), and closed areas. Several of these alternatives have sub-options based on 

100% or less than 100% observer coverage. These alternatives would apply in bimonthly river 

herring hotspots using a two-stage approach, based on three hotspot configuration options from 

fishery (stage 1) and research survey hotspots (stage 2). Recently, the Plan Development Team 

(PDT) has been encouraged to streamline the river herring hotspot analysis (Cournane and 

Correia 2010a-c).  

Spatial Management Alternatives to Address River Herring Bycatch 

In general, the management alternatives fall under three broad management goals: monitoring, 

avoidance, and protection. These three management goals can be linked to the design of spatial 

management alternatives (Table 1). Here in the proposed framework, the existing A5 

management “alternatives” become management “options” under the spatial management 

alternatives. 

Management Goal Spatial Management Alternative Management Option 

Monitoring 1. River Herring Monitoring Areas A.100% monitoring 

B. Closed Area I provisions 

Avoidance 2. River Herring Avoidance Areas A. Move-along rule 

B. SFC project/FW 

adjustment 

Protection 3. River Herring Protected Areas A. Closed areas 
Table 1: Reframing A5 management “alternatives” as management “options” under spatial management 

alternatives linked to specific management goals. 

Goal 

Here, the goal is to design spatial management alternatives to address river herring bycatch in the 

directed Atlantic herring fishery that are ecologically based, simple to understand, and 

enforceable. The alternatives should also link directly to the management measures under 

consideration in A5. 

Design Considerations 

Depending on the management goal, configurations for spatial management alternatives might 

include using existing Atlantic Herring FMP management areas, Fisheries Statistical Areas, 

extending the timing of the inshore Atlantic Herring spawning closure, or creating new spatial 
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management areas. However, spatial management alternatives should be based on the river 

herring hotspot analysis, maintaining the bimonthly stratification. Selection of areas for inclusion 

should focus on the fishery hotspots, but also consider the survey hotspots based on management 

goals. Therefore, creating new spatial management areas based on fisheries encounters with river 

herring and the expected distribution of river herring should be the focus.  

The size and the shape of the spatial management alternatives should reflect the management 

goals. In general, the size of a river herring monitoring or avoidance area might be greater than a 

river herring protected area. In addition, contiguous areas might be preferred to several 

disconnected discrete areas to achieve monitoring or avoidance goals.  

Example Configurations 

The following bimonthly maps display possible spatial management alternatives linked to 

specific management goals to address river herring bycatch in the Atlantic Herring Fishery 

(Figures 1-12). Table 2 summarizes the design elements of the possible spatial management 

alternatives. In addition, possible river herring monitoring areas were scaled up to the level of 

statistical areas for reference (Figures 1-6). 

Spatial Management Alternative Stage 1 Hotspots Stage 2 Hotspots Figures 

River Herring Monitoring Areas > 40 lbs  YES 1- 6 

River Herring Avoidance Areas > 40 lbs NO 7- 12 

River Herring Protected Areas > 1233 lbs NO 13- 16 
Table 1: Example design of possible spatial management alternatives using the river herring hotspot analysis. 

Stage 1 (fishery) hotspots are identified as quarter-degree squares within a bimonthly block with at least one 

river herring encounter in the directed Atlantic herring fishery greater than the specified threshold level 

(here 40 lbs or 1233 lbs), based on observer data. Stage 2 (survey) hotspots are identified as quarter-degree 

squares within a seasonal survey with relative high percent occurrence and high catch of river herring, based 

on NMFS bottom-trawl surveys. 
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Figure 1: River herring monitoring areas alternative, January- February. 

 

 

 

Figure 2: River herring monitoring areas alternative, March- April. 
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Figure 3: River herring monitoring areas alternative, May- June. 

 

 

 

Figure 4: River herring monitoring areas alternative, July- August. 
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Figure 5: River herring monitoring areas alternative, September- October. 

 

 

 

Figure 6: River herring monitoring areas alternative, November- December. 
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Figure 7: River herring avoidance areas alternative, January- February. 

 

 

 

Figure 8: River herring avoidance areas alternative, March- April. 
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Figure 9: River herring avoidance areas alternative, May- June. 

 

 

 

Figure 10: River herring avoidance areas alternative, July- August. 
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Figure 11: River herring avoidance areas alternative, September- October. 

 

 

 

Figure 12: River herring avoidance areas alternative, November- December. 
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Figure 13: River herring protected areas alternative, January- February. 

 

 

 

Figure 14: River herring protected areas alternative, March- April. 
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Figure 15: River herring protected areas alternative, September- October. 

 

 

 

Figure 16: River herring protected areas alternative, November- December. 

Amendment 5 Volume III - Appendix III (D)



 

12 
 

Literature Cited 

Cournane, J. and S. Correia. 2010a. Identification of river herring hotspots at sea using multiple 

fishery dependent and independent datasets. Report prepared for the Atlantic Herring PDT, 

NEFMC. July, 2010. 

Cournane, J. and S. Correia. 2010b. UPDATE: Identification of river herring hotspots at sea 

using fishery dependent and independent datasets. Report prepared for the Atlantic Herring PDT, 

NEFMC. August, 2010. 

Cournane, J. and S. Correia. 2010c. SUPPLEMENTAL MATERIAL- UPDATE: Identification of 

river herring hotspots at sea using fishery dependent and independent datasets. Report prepared 

for the Atlantic Herring PDT, NEFMC. August, 2010. 

NEFMC. 2010. Amendment 5 to the Atlantic Herring Fishery Management Plan (FMP): Draft 

Discussion Document. November 30, 2010. 

 

Amendment 5 Volume III - Appendix III (D)



   

1 
 

 
 
 
 
 

Developing River Herring Catch Cap Options in the  
 

Directed Atlantic Herring Fishery  
 
 

Prepared for the Atlantic Herring PDT 
 
 

by 
 
 

Jamie M. Cournane, Ph.D. 
University of New Hampshire and Environmental Defense Fund 

 
and 

 
Matt Cieri, Ph.D. 

Maine Department of Marine Resources 
 

and  
 

Steven J. Correia 
Massachusetts Division of Marine Fisheries 

 
 
 
 
 

December 2010 
 
 
 
 

Amendment 5 Volume III - Appendix IV



   

2 
 

 
Background  

 
At its September 2010 meeting, the New England Fishery Management Council (NEFMC) 
passed a motion for the Herring Oversight Committee (OC) to develop catch cap options for 
river herring (alewife, Alosa pseudoharengus, and blueback herring, Alosa aestivalis) in 
Amendment 5 (A5) to the Atlantic Herring Fishery Management Plan (FMP). Since that 
meeting, the Plan Development Team (PDT) has analyzed river herring removals for the OC to 
consider when developing river herring catch cap options for the directed Atlantic herring, 
Clupea harengus, fishery. The following is a summary of analysis developed by the PDT. 
 
Previous Estimations of River Herring Removals 

Two recent studies estimated river herring removals by New England and Mid-Atlantic fisheries. 
Table 1 summarizes the general findings from these studies. Cieri et al. (2008) found that river 
herring bycatch (kept and discarded) in the directed herring fishery was highest in late fall and 
winter. Overall, the highest bycatch was for single and paired mid-water trawl gears. They noted 
that Atlantic herring, Atlantic mackerel (Scomber scombrus), and river herring mix as they 
migrate around Cape Cod to their overwintering grounds south of Block Island. Wigley et al. 
(2009) concluded that river herring discards were greatest in the New England small mesh otter 
trawl fleet and to a lesser extent in New England shrimp trawl, New England large mesh trawl 
and Mid-Atlantic small mesh otter trawl fleets. They noted that the number of observed gillnet 
trips was low and difficulty estimating discards in high volume fisheries likely impacted the 
results.  

Year Fishery Estimation Removals of River 
Herring (lbs) 

Coefficient 
of Variation 

Authors 

2005 Directed Atlantic 
Herring 

Kept + 
Discards 

285,833 60% Cieri et al. 2008 

2006 Directed Atlantic 
Herring 

Kept + 
Discards 

171,973 60% Cieri et al. 2008 

2007 Directed Atlantic 
Herring 

Kept + 
Discards 

1,686,617  50% Cieri et al. 2008 

June 2008-
July 2009 

All fisheries with river 
herring discards 

Discards  106,455 149% Wigley et al. 2009 

Table 1: Comparison of recent studies to estimate river herring removals at sea.  

Catch Cap Relative to Catch History 

In the absence of an assessment for river herring, one alternative is to set a catch cap relative to 
recent river herring catches in the directed Atlantic herring fishery. The first step in this process 
is to obtain the best possible estimate of river herring removals, both kept and discarded, by the 
directed Atlantic herring fishery. Here, directed Atlantic herring trips were defined as those 
which kept or landed in excess of 2,000 lbs of Atlantic herring.  
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Methods 

Data Selection. Northeast Fishery Observer Program (NEFOP) data and Vessel Trip Reports 
(VTRs) from 2005-2009 directed Atlantic Herring trips were selected for this analysis, similar to 
the data selected for the river herring hotspot analysis. Although other data sources were 
considered (e.g., dealer data, portside sampling), these alternatives were subject to shortcomings 
that would likely lead to biased and imprecise estimates of river herring bycatch, which made 
them less favorable to the use of NEFOP and VTR data.  Alewife and blueback herring are 
combined in the analysis because species identification is difficult and the portside project did 
not distinguish between species until 2006. Furthermore, 2009 data was robust when compared 
with other sampling years because of improvements in the pelagic fisheries observing programs 
and higher coverage rates by gear type.   

Stratification. For this analysis, trip data from the NEFOP and VTRs were grouped into year, 
half-year (Jan-June and July-Dec), area, and gear type. Three broad gear categories were used 
that included bottom trawls, mid-water trawls (single and paired), and purse seines. Areas were 
defined as Gulf of Maine (GOM), Cape Cod (CC), and Southern New England (SNE). These 
areas represent the major locations where the directed Atlantic herring fishery occurs and loosely 
follow the Fishery Management Plan area boundaries for Atlantic herring (Figure 1). Groupings 
with less than three observer trips were omitted from the analysis (Table 2). 

 

Figure 1: Atlantic Herring Fishery Management Plan management areas and statistical areas. River herring 
removals spatial stratification areas were defined as Gulf of Maine (GOM), Cape Cod (CC), and Southern 
New England (SNE). 
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Table 2: Sampling coverage by year, gear type and area.  Top panel: count of sampled trips.  Middle panel: 
count of trips landing Atlantic herring. Bottom panel: percent coverage. Cells with less than 3 observed trips 
were not used in estimation. CC is Cape Cod, GOM is Gulf of Maine, SNE is Southern New England, BT is 
bottom trawl, MWT is paired and single midwater trawl, and PS is Purse Seine. 
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Challenges Linking Fishery Datasets 

Trips observed at-sea (NEFOP) were linked to the VTR database by the VTR serial number as 
recorded by the at-sea observer.  This poses difficulties when a vessel fishes in more than one 
statistical reporting area on a single trip because recording protocols differ between at-sea 
observer reports and VTRs.  According to regulations, the vessel’s captain is required to fill out a 
separate VTR log when crossing statistical area boundaries during a trip.  However, at-sea 
observers do not fill out a separate trip report to coincide with the new VTR log.  Instead, at-sea 
observers link records using the VTR serial number from the 1st VTR log.  

A comparison of Atlantic herring catches as reported by observer reports and VTRs suggest that 
substantial differences occur between the two reporting systems (Appendices A and B). Some of 
the differences between observer reports and VTRs in this dataset could be explained by these 
reporting requirements if vessels fished in more than 1 statistical area on a trip.  The direction of 
the bias would lower captain’s hail weight for Atlantic herring compared to observer record for a 
given trip.  Other differences can be attributed to the handling of pair-trawls, especially in the 
early years of the time-series. Further analysis can be found in Appendix A and B. 

Calculations. Two methods were used to examine and estimate river herring removals from the 
directed Atlantic herring fishery. Both methods are based on the Standard Bycatch Reporting 
Methodology (SBRM) amendment (2007). In general, Method 1 uses the ratio of river herring to 
Atlantic herring for the expansion, while Method 2 extrapolates to the trip level by using the 
mean discard level per trip. 

Method 1. Following Lohr (1999) and Cieri et al (2007), the ratio estimate (R) for each grouping 
was calculated using the form:  

∑
∑
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where rg,i is the observed river herring bycatch (pounds) from trip i in grouping  g  and Ag,i is the 
Atlantic herring landings (pounds) for trip i in grouping  g.  
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Its variance is estimated by: 
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where nS is the number of observer observations and Ag bar is the mean of Atlantic herring 
observer landings for grouping g. 

Total river herring bycatch (D) for each grouping was calculated as:  

    gg
g KRD ⋅= ˆ^

 

where Kg is the total Atlantic herring catch/landings from grouping  g (year, quarter, area, and 
gear type). 

The variance Var(Dg) was estimated by: 

    ggg
LRDVar ⋅= )ˆvar()(  

Because estimates across gear types were desired within the groupings, estimates by gear type 
were combined by strata, defined as area, half year, and year.  

Therefore the sum of the river herring removals were: 

∑= Ggs DD
^^

 

Where D(hat)S is the total river herring removed within a half year, year, area stratum and 
D(hat)Gg is the river herring removals by gear type within a grouping. 

As such the combined variance was calculated as:  

∑= )()(
GgS

DVarDVar
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Landings and catch data were generated by querying the NMFS VTR database for targeted trips 
(landed more than 2,000 lbs of Atlantic herring). This database gives location, date, time, and 
gear type used. Generally catch and landings are interchangeable for Atlantic herring as the 
reports of discards in the VTRs are small. 

Method 2. Because of concerns about the previous method, a second method was used to 
examine and estimate river herring removals from the directed Atlantic herring fishery 
(Appendices A and B). Here the NEFOP and VTR data were grouped as before, where groupings 
consisted of gear, half years, years, and areas. To estimate river herring removals the Simple 
Expansion Method was used (SBRM 5.4.2.3. Simple Expansion Method: mean discard per trip, 
pp 143) 

As such, river herring removals by groupings were calculated as: 
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Where Dg is the removals of river herring in a grouping (half year, year, area and gear) Ng is the 
total trips from the VTR for that grouping, dig is the observed removals of river herring on trip i 
in grouping g and n is the total observed trips in that grouping.  

Because estimates across gear types were desired within the groupings estimates by gear type 
were combined within a strata, defined as area, half year, and year.  

As before the sum of the river herring removals were: 

∑= Ggs DD
^^

 

Where D(hat)S is the total river herring removed within a half year, year, area stratum and 
D(hat)Gg is the river herring removals by gear type within a strata. 
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Variance was calculated using a derivation of the SBRM equation 19 to produce a variance 
estimate for each half year, year, and area stratum: 
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Where Ng is the number of VTR trips in a grouping dig is the observed removals of river herring 
in trip i by gear type, area, half year, and year, and ng is the observed trips in the grouping. 

After consideration of percentage coverage by grouping (see Table 2), it was decided to collapse 
the half year estimates to the full year estimates, allowing for the use of observed trip by area, 
gear and year across both half years. This produced fewer dropped strata and more robust sample 
sizes (Table 2). As such, both methods outlined above were repeated with gear, area, and year 
groupings and subsequent area, year strata.  For convenience error is expressed as CV of the 
stratum as calculated by: 

( )
D

CV
s

DVar s

S ^

^
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Results from Method 1 and Method 2 are given in Tables 3 and 4 and Figure 2 for full years and 
Tables 5 and 6 and Figure 3 for half years.  

Estimates of River Herring Removals 

As can be seen by the tables and figures, in general the Cape Cod (CC) area and the Gulf of 
Maine (GOM) had lower removals of river herring when compared to Southern New England 
(SNE). Also both CC and GOM had similar removal levels of river herring by the directed 
herring fleet (Tables 3-6 and Figures 2-3). 

The variability, both between methods and among years, makes comparison of historical 
removals by area less meaningful then other fisheries. For example, using Method 2, median 
removals in CC were approximately 15% of the SNE removals. However, the yearly removals 
for CC (2005-2009) ranged from 0 to 1.5 million lbs while the range for SNE was from 170 to 
730 thousand lbs using Method 1. Likewise in 2006 for SNE, Method 1 and Method 2 differ by 
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almost 150,000 lbs or 50%. A statistical comparison of the results from Method 1 and Method 2 
can be found in Appendix C. 

 

 

 

Table 3: Estimates of river herring catch in 000’s lb ( ± 2 Standard errors) by year and area.   Estimates 
made using Method 1 with gear, area and year as strata. CC is Cape Cod, GOM is Gulf of Maine, and SNE is 
Southern New England 

 

 

Table 4: Estimates of river herring catch in 000’s lb ( ± 2 Standard errors) by year and area.   Estimates 
made using Method 2 with gear, area and year as strata. CC is Cape Cod, GOM is Gulf of Maine, and SNE is 
Southern New England 
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Table 5: Estimates of river herring catch in 000’s lb (X ± 2 Standard errors) by half year (Jan-June and July-
Dec) and area.   Estimates made using Method 1 with gear, area and half year as strata.  Cells with estimates= 
0 and blank SE indicate that river herring were not found any sampled catch. CC is Cape Cod, GOM is Gulf 
of Maine, and SNE is Southern New England. 

 

 

Table 6: Estimates of river herring catch in 000’s lb (X ± 2 Standard errors) by half year (Jan-June and July-
Dec) and area.   Estimates made using Method 2 with gear, area and half year as strata.  Cells with estimates= 
0 and blank SE indicate that river herring were not found any sampled catch. CC is Cape Cod, GOM is Gulf 
of Maine, and SNE is Southern New England. 
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Estimated river herring bycatch
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Figure 2: Estimates of river herring catch (000’s lb) by method, area and year.  Error bars are total catch ± 2 
standard errors.  Red line is the median of estimates within a panel.  Gray line = 0.  Both methods used gear, 
area and year as strata.  CC is Cape Cod, GOM is Gulf of Maine, SNE is Southern New England. 
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Estimated river herring bycatch by half year
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Figure 3: Estimates of River herring catch by method and area and year using half years as strata. Error 
bars are total  catch ± 2 standard errors.  Red line is the median of estimates within a panel.   Both methods 
used gear, area and year as strata.  CC is Cape Cod, GOM is Gulf of Maine, SNE is Southern New England. 
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Comparison of Mid-Water and Bottom-Trawl River Herring Removals 

The directed Atlantic herring bottom-trawl fleet removes a relatively large amount of river 
herring given their low Atlantic herring landings; far higher than the mid-water trawl fishery per 
pound of Atlantic herring landed.  Combined across years, the directed bottom-trawl fishery has 
removed an estimated 1.2 million lbs or approximately 48% of the total estimated removals by 
the total directed Atlantic herring fishery in the SNE area from 2005-2009 (Figure 4). In some 
years, removals can exceed those of the directed mid-water trawl fleet in this area by almost 4 
fold.  This level of removals of river herring is relatively large given that the directed bottom-
trawl fishery for Atlantic herring only accounts for approximately 16% of the total catch of 
Atlantic herring in this management area. Despite this high removal rate, at-sea sampling of this 
fishery is particularly low when compared to other gears fishery wide. 

 

Figure 4: Comparison of river herring removals in 000’s lb by bottom-trawl (BT) and mid-water trawl 
(MWT) gears in Southern New England. Error bars represent two standard deviations. 

Conclusion 

Our estimates of river herring removals have high uncertainty. Sampling by year, gear and area 
is not complete and missing strata exist in the dataset across years.  The distribution of river 
herring catch has high variability and strata sample sizes are generally low.  Finally, our estimate 
of uncertainty is likely to be underestimated because within trip variation of river herring catch is 
not propagated into the variation of the total catch estimate.  Separating the strata into seasonal-
area groups exacerbates the missing strata problems. 
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The non-sampling component of inter-annual variation for river herring catch can also include 
population dynamics such as year-class strength and population size, oceanographic conditions, 
and distribution of Atlantic herring fishing effort.  The time series is currently too short to 
investigate whether these factors impact river herring catch in the Atlantic herring fishery. River 
herring do not currently have a stock assessment, thus the removal cap cannot be related to the 
river herring population.  The cap only functions to prevent future river herring catch from 
exceeding recent catches. If river herring populations decline, then the cap may be too high for 
the river herring population.  If a strong year-class is produced, then the cap may be set too low 
relative to the river herring population size, prematurely closing the Atlantic herring fishery.         

The PDT has high confidence in describing times and locations where river herring bycatch has 
occurred in the directed Atlantic herring fishery.  This information can be used to develop 
management plans to reduce the river herring interactions with the Atlantic herring fishery, 
without the need for defining a cap or estimating river herring bycatch within season.   

In addition for reference, possible approaches to setting a catch cap and how a catch cap might 
interaction with other measures in A5 are explored in Appendix D and E, respectively. 

PDT Consensus Statement 

Given the variability, uncertainty, and challenges associated with sampling the Atlantic 
herring fishery, the Herring PDT cannot generate a precise enough estimate of river 
herring catch on which to base a cap.  There may be some utility in applying a river 
herring catch estimate to trigger increased monitoring or other management approaches.  
However, the Herring PDT does not recommend developing quota-based approaches to 
river herring bycatch management in Amendment 5.  Expected improvements to the catch 
monitoring program in Amendment 5 and completion of the forthcoming river herring 
stock assessment by ASMFC may create the necessary link between the cap and some 
measure of river herring stock status or reference point, as well as the mechanisms to 
monitor a cap.  Other management approaches under consideration in this amendment 
(catch monitoring and hotspot alternatives) are more appropriate to consider at this time 
to address bycatch to the extent practicable. 
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Appendix A 

Comparison of observer estimates and VTR estimates for river herring and  

Atlantic herring catches for 2006-2009 

Prepared for the Herring PDT 

By 

Steven J. Correia 

Massachusetts Division of Marine Fisheries 

December 15, 2010 

 

The Atlantic Herring PDT asked whether the amount of river herring catch was correlated with 
Atlantic herring catch.  

Data 

Dataset consists of 158 trips that had both observer estimates and VTR estimates of herring catch 
(Table A1).  Data were provided by Matthew Cieri in excel spreadsheet 
OBD_HER_VTR_link2.xls dated 11.18.2010.  Trips were selected as having 2,000 lb or more of 
kept Atlantic herring and were sea sampled by the NEFOP. Two trips were deleted that had 
observer data but no herring landings reported in the VTR.   Trips were selected as having 2,000 
lb or more of Atlantic herring and were sea sampled by the NEFOP. 

Trips observed at-sea were linked to the Vessel Trip Report (VTR) database by the VTR serial 
number as recorded by the at-sea observer.  According to regulations, the vessel’s captain is 
required to fill out a separate VTR log when crossing statistical area boundaries during a trip.  
However, at-sea observers do not fill out a separate trip report to coincide with the new VTR log.  
Instead, at-sea observers link records using the VTR serial number from the 1st VTR log.  Some 
of the differences between observer and VTR report in this dataset could be explained by 
differences in reporting requirements if vessels fished in more than 1 statistical area on a trip.  
The direction of the bias would lower captain’s hail weight for Atlantic herring compared to 
observer record for a given trip. 

Another issue occurs in matching records for paired trawls.  In some cases observers are on one 
or both vessels, particularly early in the time series.  In addition, vessels often pair with multiple 
vessels within a trip. This can contribute to discordance between observer and VTR records.   
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Relationship between Atlantic herring catch and river herring catch 

Plots of river herring catch against observer reported and VTR reported Atlantic herring catch by 
trip are shown in Figures A1-A2.   Data pairs with no reported river herring were excluded from 
the dataset because the zero river herring could represent a time-area combination when river 
herring are not available to the gear.   

The magnitude of river herring catch appears to be independent of the magnitude of the Atlantic 
herring catch (measured by either observer reports or VTR) over much of the bivariate 
distribution (Figures A3-A4).   Catches appear related at the lowest quantiles (0.05-0.10) of 
Atlantic herring and river herring bivariate distribution, but the bulk of the distribution shows no 
relationship between amount of river herring and Atlantic herring. 

I tested for correlation using Pearson product moment correlation coefficient and Kendal’s Tau 
on the arithmetic and log10 transformed data.  Correlation between river herring and Atlantic 
herring was not significant on the arithmetic scale for either the VTR or observer estimates.  
Pearson product-moment correlation coefficients were low but statistically significant on the log 
transformed data (Table A2).  These correlations are highly influenced by the linear relationship 
near the low end of the distributions (< 10th quantiles).  Correlations were not significant based 
on Kendal rank correlation method.   

Conclusions 

The correlation between river herring and Atlantic herring are weak, and the magnitude of 
catches is unrelated over most of the bivariate distribution using either VTR or observer 
estimates of Atlantic herring.   The PDT should consider alternative estimation methods such as 
estimating catch per trip and expanding catch within strata by number of trips rather than 
expanding by Atlantic herring catch.  
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Table A1.   Number of trips by gear type, year and statistical reporting area for trips with observed river 
herring catch.   Empty cells indicate that statistical reporting area not sampled, zero’s indicate that sampling 
occurred but river herring was not observed any sampled trip.  
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Table A2.   Summary statistics for test of correlation between amount of River herring in trip (log10 lb) and 
the amount of Atlantic herring (log10 lb) in trip as reported by observer or VTR. All gear types and years 
combined.   Number of pairs is 105. 
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Figure A1.   Scatterplot of river herring catch on Atlantic herring catch as reported by at sea observers.  Top 
plot: arithmetic scales, bottom plot: logarithmic scales. Gray lines are 25th, 50th and 75th quantiles.   Red line 
is loess fit with span=0.6 and degree=1.   
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Figure A2.  Scatterplot of river herring catch on Atlantic herring catch as reported in VTR.  Top plot: 
arithmetic scales, bottom plot: logarithmic scales. Gray lines are 25th, 50th and 75th quantiles.   Red line is 
loess fit with span=0.6 and degree=1.  
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Figure A3.  Bagplot of Log10 observed River herring catch against log10 Observer reported Atlantic herring 
catch.   Red asterisk is location of  bivariate median.  Inner dark circle is middle 50% bivariate data with the 
greatest depth. The outer bag is 3X expansion of inner bag.   

 

 
Figure A4.  Bagplot of Log10 observed River herring catch against log10 VTR reported Atlantic herring 
catch.   Red asterisk is location of  bivariate median.  Inner dark circle is middle 50% bivariate data with the 
greatest depth. The outer bag is 3X expansion of inner bag.  Red points are considered “outside” values.  
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Appendix B 

Comparison of observer estimates and VTR estimates for Atlantic herring for 2006-2009 

Prepared for the Herring PDT 

By 

Steven J. Correia 

Massachusetts Division of Marine Fisheries 

December 15, 2010 

 

The Atlantic Herring PDT is tasked with developing a river herring catch cap.  This may require 
estimating river herring catch in recent years in order to provide a benchmark for setting a river 
herring cap.  Raising the estimate of river herring catch at various strata (gear, area, and season) 
to the total will likely require the use of either observer reported or VTR reported catch.  I 
provide some summary statistics on the difference between observer reported and VTR herring 
catch by gear, year and statistical reporting area.  Summary statistics are also provided for the 
ratio of observer to VTR reported catch. 

Data 

Dataset consists of 158 trips that had both observer estimates and VTR estimates of herring catch 
(Table B1).  Data were provided by Matthew Cieri in an Excel spreadsheet 
OBD_HER_VTR_link2.xls dated 11.18.2010.  Trips were selected as having 2,000 lb or more of 
kept Atlantic herring and were sea sampled by the NEFOP. Two trips were deleted that had 
observer data but no herring landings reported in the VTR 

Trips observed at-sea were linked to the Vessel Trip Report (VTR) data base by the VTR serial 
number as recorded by the at-sea observer.  According to regulations, the vessel’s captain is 
required to fill out a separate VTR log when crossing statistical area boundaries during a trip.  
However, at-sea observers do not fill out a separate trip report to coincide with the new VTR log.  
Instead, at-sea observers link records using the VTR serial number from the 1st VTR log.  Some 
of the differences between observer and VTR reported catch in this dataset could explained by 
these reporting requirements if vessels fished in more than 1 statistical area on a trip.  The 
direction of the bias would lower captain’s hail weight for Atlantic herring compared to observer 
record for a given trip. 
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The number of trips by gear type, statistical reporting area and year is shown in Table B1.   In 
general, few observations are available in paired area-year cells for bottom trawl and mid-water 
trawls.  Sampling by year and area for paired-mid-water trawl occurred in 2008 and 2009.   Purse 
seine samples are restricted to areas 511, 512, and 513, but sampling did not occur in 2006.  
Number of trips is summarized by gear and statistical reporting area in Table B2 and by gear 
type and year in Table B3.   

As a result of small sample sizes, year, gear, and statistical area strata will likely be collapsed 
into larger units for estimation of river herring catch.  

Differences between observer catch and VTR reported catch 

A summary of differences between observer catch estimates and VTR by year for all gears 
combined is shown in Table B4 and by gear for all years combined in Table B5.  Differences are 
highly variable within and among gear types.  The distributions of differences by gear appear 
leptokurtic.  Boxplots of the differences by year and gear type are presented in Figure B1.  
Differences appear to be biased for paired mid-water trawls in 2006 and 2007.   I tested whether 
the median differences from significantly different from zero for each gear type using the 
Wilcoxon’s signed-rank test (Table B8). A significant difference was found for paired mid-water 
trawl (p<0.001, pseudo-median difference=38,470 with 95% confidence interval of 18,436 to 
66,880).  Differences were not significant from zero for bottom trawls, mid-water trawls and 
purse seines. Boxplots of differences by gear type and area for all years combined are shown in 
Figure B2.    

Bland-Altman plots of the differences by gear type (all years pooled) are presented in Figure B4.   
Variance in differences appears to increase with the mean of the paired estimates but bias is not 
related to the mean, with the possible exception of mid-water trawls.  Paucity of sampling 
suggests that separating year, gear and area effects will not be possible.   

Boxplots of differences by gear type, year and whether river herring were present in the catch are 
shown in Figure B3.  The amount of bias does not appear related to the presence or absence of 
river herring.   

Ratio of observer reports to VTR reports 

The relationship between the variance and mean indicated in the Bland-Altman plot suggests that 
log transformation may be useful.   Summary statistics for distribution of ratio by year (all gears 
pooled) and by gear (all years pooled) are shown in Tables B6 and B7.  Boxplots of the log ratio 
(observer/VTR) by year are shown in Figure B5.  The log transformation shortened the tails, and 
removed the relationship between the variance and mean.  The distributions remained 
leptokurtic.    
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Conclusions 

In-season estimation of river herring catch will require use of observer reported Atlantic herring 
catch by strata (statistical area, gear type, and season). Trip level differences and the ratio 
between observer and VTR estimates of kept Atlantic herring are highly variable and will 
contribute to uncertainty in the estimation of river herring catch.   

Table B1:   Number of trips by gear type, year and statistical reporting area.  

Amendment 5 Volume III - Appendix IV



   

25 
 

 

Table B2:  Number of observed trips by gear type and statistical area for 2006-2009.  Four trips were 
excluded from the analysis because either the observer or VTR reported no Atlantic herring catch.   

 

 

 

Table B3:  Number of observed trips by gear type and year. Four trips were excluded from analysis because 
observer or VTR reported no Atlantic herring catch.   
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Table B4:  Summary statistics for differences between observer and VTR estimates for all gear types 
combined.  

 

Table B5:  Summary statistics for differences between observer and VTR estimates by gear types for all years 
combined.  

 

Table B6:  Summary statistics for the ratio of observer:VTR estimates for all gear types combined. 

 

Table B7:  Summary statistics for the ratio of observer:VTR estimates by gear types for all years combined. 

 

Table B8:  Summary of Wilcoxon signed rank test for differences between paired observer and reported VTR 
Atlantic herring estimates by gear type (all years pooled).  
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Figure B1: Boxplots of differences (Observer-VTR) in 000’s lb by gear type for all years combined.  Note that 
the y-scale differs by panel.  
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Figure B2:  Boxplots of differences (Observer-VTR) by gear for all years combined.  Note that y-scale differs 
by panel.  
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Figure B3:  Boxplots of differences between observer estimates and VTR estimates by year, gear type and 
presence/absence of river herring.  Redline is the median for all years combined.  
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Figure B4: Differences (observer-vtr) against mean (observer and VTR) by gear type.   Excludes observations 
where observer estimates=0.   Gray line is the mean difference.  Dashed blue lines are the mean +/- 2 standard 
deviations of the differences.  
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Figure B5:  Boxplots of ratio (observer estimate: VTR estimate by year.  Observations with observer 
estimate= 0 are excluded.   Redline is the median for all years.   Note y-scale is logarithmic.  
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Figure B6:   Log (observer/vtr) against mean log observer plus VTR.   Excludes 2006 and observations where 
observer estimates=0.   Gray line is the mean difference.  Dashed blue lines are the mean +/- 2 standard 
deviations of the log (observer/VTR).  
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Appendix C 

Comparison of river herring catches and CV’s from Method 1 and Method 2 

Prepared for the Herring PDT 

By 

Steven J. Correia 

Massachusetts Division of Marine Fisheries 

December 15, 2010 

 

We compared the paired estimates of total river herring catches and CV’s derived from Method 1 
and Method 2 for both strata sets (whole year and half year).  Pairs where no river herring=0 
were dropped from the analysis.  We tested for differences using the Wilcoxon signed rank test 
and the paired t-test on log-transformed data.   All tests were two-sided.    

Exploratory analysis suggests that the relationship between River herring catch estimates by 
method are likely multiplicative rather than additive (Figures C1-C4).   The median paired 
difference (pseudo-median= -7,050 lb with approximate 95% CI   -33,200 to 15,600 lb) was not 
significantly different from 0 (P=0.26).  A paired T-test on the log-transformed pairs was not 
significant (P=0.36).  The back transformed mean ratio was 0.95 with 95% CI of 0.86 to 1.06.   
This suggests that the differences in estimates by Method 1 and Method 2 are not consistent.   

We conducted a similar analysis for the coefficients of variation.  The median paired difference 
(pseudo-median=0.10 with approximate 95% CI 0.05 to 0.17) was significantly different 
(p<0.001).  A paired T-test on the log-transformed pairs was significant (P=0.36).  The back 
transformed mean ratio was 0.81 with 95% CI of 0.67 to 0.98.   These results suggest that 
Method 2 provides a lower coefficient of variation than Method 1.   That Method 1 provides 
higher CV’s than Method 2 is not surprising given that the variance estimate in the ratio method 
is inflated by the lack of relationship between river herring catch and Atlantic herring catch. 
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Figure C1:  Comparison of river herring estimates using Method 1 and Method 2.  Solid red line is mean 
difference (Method 1-Method 2).  Dashed lines are mean difference ± 2 standard deviations.  

 

 

 

Figure C2:  Comparison of river herring estimates using Method 1 and Method 2 on log transformed scale.  
Solid red line is mean difference (Method 1-Method 2).  Dashed lines are mean difference ± 2 standard 
deviations.  
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Figure C3:   Comparison of river herring CV estimates using Method 1 and Method 2.  Solid red line is mean 
difference (Method 1-Method 2).  Dashed lines are mean difference ± 2 standard deviations. 
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Figure C4: Comparison of river herring CV using Method 1 and Method 2 on log transformed scale.  Solid 
red line is mean difference (Method 1-Method 2).  Dashed lines are mean difference ± 2 standard deviations.  

Appendix D  

Possible Approaches to Setting a Catch Cap 

The PDT did not agree on an approach to setting a catch cap at this time, but did discuss possible 
alternatives.  Some of the options rely on the use of the catch history estimates described above, 
while others do not. The options include: 

• Ceiling: Set a ceiling catch cap based on an average of recent river herring removals. 
• Percentage: Set a ceiling catch cap as some percentage of the average of recent river 

herring removals. These can be set by area and half or full years. 
• Stock Assessment: Allow the fishery to operate under the status quo option until a stock 

assessment is complete for river herring by ASMFC (2012) and therefore set catch caps 
relative to some measure of river herring stock status or reference point (e.g., Bmsy). 
Catch caps based on historical removals cannot account for changes in river herring 
abundance or availability.  As such, river herring abundance may increase, while the 
catch caps would remain the same. 

• Trips: Limit the number of hauls/sets or trips within Atlantic herring management areas 
(1A, 1B, 2, and 3) with river herring removals based on a threshold level of river herring 
removals per haul/set or trip. In other words, set a cap on the number of river herring 
encounters versus the amount of river herring catch. 
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Appendix E  

Interactions with Other Measures in Amendment 5 

The PDT discussed mechanisms to link the river herring hotspot analysis and spatial 
management measures with the river herring catch cap analysis. Linkages between a river 
herring catch cap and river herring spatial management measures could include: 

• River herring catch cap applied in hotspot areas/times only. In which case the overall removals are not 
capped, as bycatch and further removals of river herring would likely occur outside of the defined hotspots. 
The more constrained the hotspots temporally and spatially the more likely this is to occur. 

• River herring catch cap could be used as a catch trigger, i.e., a soft TAC that does not close the fishery 
when reached, but triggers a management action. 

• River herring catch cap allocated by Atlantic herring management areas or by defined strata areas 
(specified above). The allocation would be determined using the hotspot analysis to weigh times/areas. 

The PDT also discussed challenges for a catch cap approach given the current monitoring 
system. 

• IVRs and VTRs are very difficult for "real time" use.  
• VTRs have statistical area but not management area or groundfish closed area. Statistical area has been 

proven to be of very low data quality. VTRs give exact location for the starting tow or set.  So you do know 
the management area and groundfish closed area, but not in real time as the vessel fishes in other locations 
within a statistical area. 

• IVRs are not by the trip, but do identify Atlantic herring management area.  
• The pre-trip notification system for the observer program asks if they are going into Closed Area 1, but 

does not distinguish other trips. The questions asked during the call cannot be changed in process without 
going through the regulatory and Paperwork Reduction Act process.  

• There is variability associated with sampling a time, area and associated expansion.  River herring removals 
could be over the cap but because of the variability associated with sample, would not appear so 

• There might be data confidentiality limitations with making the river herring hot spot catches public - or 
being able to share catch information among the fleet in real time.  

• A centralized reporting system for vessels to access while at sea should be supported.  
• There are uneven and often low coverage rates in various areas. 

o Coverage has not been even in all areas that the fishery operates. For example during 2010, the 
NEFOP had to target 100% coverage if a vessel thought they may go into Closed Area I, while 
other areas are expected to meet or exceed 20%. 

o This is no spatial or temporal definition for coverage (and whether this is trips, seadays, or 
landings of herring).  

o Continued uneven coverage levels pose significant challenges in monitoring the cap during the 
fishing year.  

Many of these challenges may be addressed under Amendment 5, which provides for options to 
improve the current catch monitoring program.  
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The purpose of this paper is to present available information pertaining to current management 

measures and the development of additional management measures to address spawning Atlantic 

herring.  The intent of this document is to inform potential decisions that may be made during the 

development of Amendment 5 to the Atlantic Herring Fishery Management Plan (FMP) or in 

future Council actions.  The following summaries have been put together by the Herring Plan 

Development Team (PDT) members who have been involved in the development of Amendment 

5 to the Herring FMP.  This paper summarizes the history of the development of management 

measures to address spawning fish by both the New England Fishery Management Council and 

the Atlantic States Marine Fisheries Commission, as well as available information about 

spawning fish in both inshore and offshore areas. 

 

1.0 BACKGROUND – MANAGEMENT MEASURES TO ADDRESS SPAWNING 

HERRING 

Herring stocks in the Gulf of Maine/Georges Bank region are believed to temporally and 

spatially isolate themselves during spawning by returning to their natal spawning grounds to 

spawn in summer and fall. Spawning occurs in 5-90 m of water with eggs laid in “mats” over a 

variety of possible substrates ranging from boulders to sand to vegetation. Current and historical 

spawning locations are shown in Figure 1.  

 
Figure 1. Generalized view of the current major herring spawning areas in the Gulf of Maine and 

on George Bank (from Overholtz et al. 2004). 
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Similar to other fish species that form large spawning aggregations, herring can be susceptible to 

fishing when spawning. The Atlantic States Marine Fisheries Commission (ASMFC) began 

formal spawning closures in 1994 as part of the 1993 Atlantic Herring Fishery Management Plan 

(FMP). These spawning closures were a continuation of an agreement among Maine, New 

Hampshire, Massachusetts, and Rhode Island, who had adopted a series of spawning closures in 

November 1983 as part of their Interstate Herring Management Plan. The1993 FMP included 

spawning protection for the entire range of Atlantic herring, including offshore areas such as 

Georges Bank. Foreign fishing from the late-1960s to the mid-1970s had depleted the offshore 

stock. Consequently, there were few spawning females in offshore areas. States sought to protect 

the new abundance of offshore spawning females when the population rebounded in the late 

1980s and included offshore spawning restrictions. 

 

The goals of the ASMFC FMP relating to the spawning closures were “to maintain the U.S. 

northwest Atlantic sea herring resource at or above 20% of its maximum spawning potential for 

optimal utilization while reducing the risk of stock collapse” and “to provide adequate protection 

for spawning herring and prevent damage to herring egg beds”.   

 

The 1993 ASMFC FMP required states to monitor the spawning closures by sampling 

commercial catch just prior to the automatic closure dates. Closures were delayed for one week if 

the average gonad somatic index (GSI) of mature females (International Convention for the 

Northwest Atlantic Fisheries [ICNAF] gonadal stages III – V) was below the threshold value for 

either size class (18% for fish ≥ 28 cm total length and 10% for fish between 24 and 28 cm total 

length). Additional one week delays were implemented if sampling indicated that at least one 

size class had not yet reached the threshold value. The FMP allowed some landing of spawning 

fish (tolerances). Tolerances varied between closure areas with a 25% spawn allowance by 

number in the eastern, central, and western Maine spawning areas and a 5% or 1,000 pound 

(whichever is greater) spawn allowance in New Hampshire and Massachusetts. Vessels were 

prohibited from fishing for, possessing, or landing any Atlantic herring containing spawn in all 

other areas. 

 

Spawning closures boundaries are shown in Figure 2 and language specific to the 1993 ASMFC 

FMP follows. 
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Figure 2.  Spawning closure areas from 1993 Atlantic Herring Fishery Management Plan.  

 

From Section 6.2.3 Spawning Closures of 1993 ASMFC FMP: 

1. A four week closure in eastern Maine beginning August 15 (unless samples of the 

commercial catch taken prior to the closure date indicate that females are delayed in 

reaching full maturity) during which time it is unlawful to fish for or take herring 

containing spawn (milt or roe) when they make up more than 25% by number of any 

load. 

2. A four week closure in two additional areas in central and western Maine beginning 

September 1 subject to the same monitoring or maturity and 25% tolerance exceptions. 

3. A three week closure beginning October 1 for the area south of 43˚ 32’N (Cape 

Elizabeth) that is not subject to any tolerance exceptions.  The closure date in this area is 

subject, however, to successive one week delays if sampling indicates that spawning will 

be delayed (identical to provisions which apply in the three areas north of 43 ˚ 32’ N).  

This closure is enforced jointly by the four states which are party to the Interstate 

Herring Management Plan.  

 

Area 1  (eastern Maine) :  area northeast of Loran C 9960-W-12275 (Schoodic Point) to the 

U.S.-Canadian border. 

 

Area 2  (central Maine) :  area east (or north) of Loran C 9960-W-12825 (Small Point) to 

Loran C 9960-W-12275 and north of 43˚ 32’ N. 
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Area 3  (western Maine) :  area bounded by 43˚ 32’ N (Cape Elisabeth) on the south and by 

Loran C 9960-W-12825 on the east (or north). 

 

Area 4 : area south of 43˚ 32’ N, including state and federal waters adjacent to Maine, New 

Hampshire and Massachusetts and the southern New England area. 

 

The New England Fishery Management Council (NEFMC) first proposed spawning area 

closures as a part of its Atlantic Herring FMP in 1998. The measures were intended to be 

adjusted through framework actions which could be initiated when additional information on the 

timing and locations of spawning became available. Additional closures were also a possibility 

through a framework action, particularly in the lesser known offshore areas. 

 

The proposed closures in the 1998 NEFMC FMP were considered necessary to ensure adequate 

protection of the herring resource.  Herring fat content is at its peak during spawning, making 

them more economically valuable for human consumption, while concentrated spawning 

aggregations make herring susceptible to harvesting.  In addition, spawning behavior of the 

uncaught herring was believed to be influenced by harvesting operations.  At the time that the 

spawning closures were being considered, it was believed that protection of individual spawning 

populations would ensure successful recruitment across the entire stock complex.  It was also 

believed that removal of fishing pressure during spawning would relieve the aforementioned 

stresses while also making it easier to accurately assess the extent and size of the spawning 

populations, as they would not be disturbed by fishing pressure. 

 

The closures proposed by the NEFMC are shown in Figure 3. These areas were modified from 

the spawning closures implemented by the ASMFC 1993 Atlantic Herring FMP. Language 

specific to the proposed NEFMC FMP follows. The spawning closure dates in Management Area 

1 were defined as: 

 

 Eastern Maine    August 15 – September 11 

 Western Maine   September 1 – September 28 

 Jeffreys Ledge/Stellwagen Bank September 15 – October 12 

 Cashes Ledge    August 1 – September 25 

 

Spawning closure dates are fixed. In an area closed to protect spawning, fishing for, harvesting, 

or possessing herring will not be allowed except for the following exception: vessels will be 

allowed to catch and possess up to 2,000 pounds of herring per trip. The amount of herring 

landed from a closed spawning area by one vessel in a day cannot exceed 2,000 pounds (this 

prohibits a vessel from making multiple trips in one day to exceed the 2,000 pound trip limit). 

This limit will be enforced based on calendar days and not on the basis of days-at sea used in 

any other management plan (for example, a groundfish days at sea running clock cannot be used 

to land more than 2,000 pounds of herring in one calendar day). Any fishing vessel transiting a 

closed spawning area and possessing more than 2,000 pounds of herring must have all fishing 

gear stowed as specified by the Regional Administrator. 
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Management Areas 2 and 3 were not considered for closures in the proposed measures of the 

NEFMC FMP because the offshore herring resource was considered robust and there was 

interest in developing the offshore fishery.   

 

 
Figure 3. Herring Management Area 1 spawning closures (with approximate territorial sea boundary shown) 

proposed in the 1998 NEFMC Atlantic Herring FMP. 

 

The proposed NEFMC closures in federal waters were also intended to complement the efforts of 

the ASMFC Amendment 1 (1999) measures (see below).  The tolerance measures enacted by 

ASMFC allowed for some landing of spawn fish but enforcement was limited to landing 

regulations implemented by the individual States within ASMFC.  The NEFMC developed its 

proposed measures out of concern that some states did not have the resources to implement and 

enforce the measures, which would have negated the spawning protection.  The NEFMC’s 

intention was to augment the efforts of the ASMFC by preventing the catch of spawn herring in 

federal waters.   

 

In the proposed NEFMC FMP, the spawning area closures were predicted to increase cost and 

decrease revenue for the herring industry. Effort would have been shifted to where and when 

herring would be less aggregated and contain less fat.  It was projected that one-third of the 

landings of the year prior to the proposed measures (1997) would have been closed to fishing in 

subsequent years as a result of the proposed action.  This analysis was based on only one year of 

data, however, and may not have represented average fishing.  A shift in effort as a result of the 

measures also was not considered.  However, community impacts were projected to be minimal 

to non-existent because the NEFMC’s proposed closures were smaller than those in the 
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ASMFC’s 1993 plan, and other open areas closer to shore were made available for fishing to the 

potentially affected boats. 

 

On October 27, 1999, the NEFMC received notification that the National Marine Fisheries 

Service (NMFS) Regional Administrator rejected the measures that would have created 

spawning area closures: 

“I disapproved the spawning area closures because it was not demonstrated that the costs of 

imposing the closures outweigh the benefits, and the measure appears to be inconsistent with 

National Standard 7 in that conservation benefits are uncertain. The measure also appears to 

contravene the M-SFCMA, Sec. 303 (a)(1)(A). Further, the spawning closures would not apply 

to mobile, bottom-tending vessels, just to purse seiners and mid-water trawlers. Such fishing 

gear may also disturb spawning herring. Also, the Northeast Region Office of Law Enforcement 

stated that spawning area closures that allow the possession of herring on board pose 

enforcement problems. In consideration of the aforementioned and of concerns raised by 

commenters, and given the uncertainty of conservation benefits to be realized, a spawning 

closure at this time does not appear to be a necessary and appropriate conservation and 

management measure.” 

 

The ASMFC developed Addendum I as a result of NMFS disapproval to readdress the spawning 

measures that had been defined in ASMFC Amendment 1 (see following). 

 

Amendment 1 (1999) to the ASMFC Atlantic Herring FMP replaced all previous ASMFC 

Atlantic herring measures including spawning closures.  The goal of the new spawning measures 

was to protect distinct spawning units that are especially susceptible to fishing when they 

aggregate for spawning.  The new spawning measures applied only to state waters within 

Management Area 1A (Figure 4) and did not include any measures to protect spawning fish in 

offshore areas such as Georges Bank.  From August 1 through October 31, vessels were 

prohibited from taking, landing, or possessing more than 20% (by number) “spawn” herring 

containing roe or milt from state waters within Management Area 1A. Amendment 1 (1999) 

defined spawn herring as "ICNAF gonadal stages 4, 5, & 6." 
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Figure 4. Management areas under Amendment 1. 

 

Addendum I (2000) to Amendment 1 of the ASMFC Atlantic herring FMP was developed to re-

address the protection of spawning areas because NMFS rejected the NEFMC’s proposed Area 

1A spawning closures in federal waters (see above).  Under Addendum I, three spawning 

management areas were created (Figure 5) – Eastern Gulf of Maine (EGOM), Western Gulf of 

Maine (WGOM), and Massachusetts/New Hampshire (MA/NH), all of which are in 

Management Area 1A.  These spawning areas extended into federal waters and had distinct start 

dates of August 15 (EGOM), September 1 (WGOM), and September 21 (MA/NH).  Closures 

lasted 4 weeks by default, but would be extended 2 weeks if commercial catch sampling found 

that 25% or more mature herring, by number, had yet to spawn.  Mature or “spawn” herring were 

defined as Atlantic herring in ICNAF gonadal stages V & VI. The definition remained "ICNAF 

gonadal stages V & VI" in all subsequent management documents. 

 

In 2000, members of the public, herring fishermen, and Maine Department of Marine Fisheries 

personnel all noted a significant take of spawn herring from the area just outside the EGOM area 

during the closure. Consequently, Technical Addendum 1A (2001) was created to expand the 

EGOM spawning area to protect spawning females inside the eastern tip of Inner Schoodic Ridge 

(Figure 6).  
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Figure 5. ASMFC spawning closures under Addendum I to Amendment 1. 

 
 

 
Figure 6. Spawning closure boundaries under Technical Addendum 1A to Amendment 1. 
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Today, ASMFC spawning regulations are specified through Amendment 2 and Technical 

Addendum I (2006), which continue with the three spawning areas and default dates established 

by Addendum 1 and Technical Addendum 1A (Figure 6). Spawning closures begin on the 

default start date unless commercial catch samples (see Section 2.2 of this document for more 

information) show significant amounts of spawn herring, defined as 25% or more in ICNAF 

gonadal stages V & VI. By default, closures last 4 weeks, at which point fishing is allowed. If a 

significant amount of spawn herring are found in the commercial catch samples after the closure, 

an additional 2 week closure is triggered.  Fishermen are notified of the additional closure by the 

states, which use a distribution list that includes the ASMFC. The ASFMC will then place notice 

of the closure on their website.  

 

Amendment 2 contains a “zero tolerance” provision that prohibits vessels from fishing for, 

taking, landing, or possessing “spawn” herring (ICNAF gonadal stages V & VI) in a spawning 

area during a closure. Some states interpreted zero tolerance to allow fishing in a closed area as 

long as no spawn herring are caught. Upon review of the loose interpretation of zero tolerance, 

and based on input from the Atlantic Herring Law Enforcement Committee (LEC),  ASMFC 

developed Technical Addendum I to Amendment 2 to clarify that vessels are prohibited from 

fishing for, taking, or possessing herring within a restricted spawning area. The LEC was 

concerned that tolerances are difficult to enforce while prohibiting fishing in a closed area is 

easily enforceable.   

 

Vessels on non-directed herring trips are allowed an incidental catch of 2,000 pounds from a 

restricted spawning area as a bycatch allowance.  Any herring vessel that has more than 2,000 

pounds of herring onboard that were caught outside an area under a spawning closure must have 

all of its fishing gear stowed as it travels through the closure area.  Fixed gear fishermen east of 

Cutler, ME, are exempt from spawning closures and are not limited to the 2,000 pound bycatch 

allowance.  

 

Amendment 2 does not include spawning restrictions for any offshore areas, although 

enforcement is by possession, not location of fishing.  Its measures are designed to protect the 

inshore component of the stock by moving effort to offshore areas where the total allowable 

catch was historically not fully harvested. Section 4.3.2 Spawning Restrictions states that 

“protection to the offshore spawning component would come at the expense of putting more 

pressure on the inshore component of the stock complex.” 
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2.0 AVAILABLE DATA ON HERRING SPAWNING ACTIVITY IN AREA 3  

2.1 NMFS 

The NMFS Northeast Fisheries Science Center (NEFSC) acoustic survey of the offshore 

component of the Atlantic herring population began in earnest in 1999 after about four years of 

initial pilot work.  The survey covers the northern edge of Georges Bank and Great South 

Channel from the ‘northeast peak’ to Cape Cod and was designed to sample aggregations of 

herring as they prepared to spawn in the fall (Figure 7).  Initially, the index of abundance was 

near historical highs, but beginning in 2002, the index of abundance from the acoustic survey 

declined approximately four-fold and remained relatively low through 2008 (Figure 8).  This 

decline and low-level index, however, may not have reflected the true changes in abundance.  

The fundamental assumption of the acoustic survey is that the herring are congregating to spawn 

in and during the survey area and period. Atlantic herring spawning times and locations may 

have changed, but the survey area and timing remained relatively stable among years.  If this is 

the case, the acoustic survey may not be achieving adequate spatial and temporal coverage.  For 

this reason, the acoustic survey was not used in fitting recent Atlantic herring stock assessments 

(Shepherd et al. 2009). 

 

 

  
 

Figure 7. Survey areas of the Atlantic herring acoustic survey. Surveys on Georges Bank 

and Jeffreys Ledge have been completed every year since 1999.   
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Figure 8. Atlantic herring acoustic index of abundance on George’s Bank during 1999-2008. 

 

Several research projects are being conducted to address potential issues with the acoustic 

survey.  Acoustic data have been collected during the annual fall bottom trawl surveys, but these 

data have never been analyzed to determine if a supplementary acoustic index of herring 

abundance could be developed.  A technician has begun processing the data, but limited funds 

have prevented the completion of this work.  This research will resume as funds become 

available.  Once complete, this project will provide a basis of comparison for the herring acoustic 

survey, and may serve as an additional index of abundance.  Other biological data collected 

during the annual fall bottom trawl surveys may also be useful for evaluating temporal and 

spatial shifts in the occurrence of spawning herring.  For example, comparing the proportion of 

herring at different stages of spawning among years and sampling stations may provide insight as 

to whether systematic changes have occurred in the spatial and temporal distribution of spawning 

events.  This analysis will allow for the determination of whether the herring acoustic survey has 

adequately sampled over the course of any systematic changes in spawning events.  A technician 

is in the process of conducting this and other analyses of biological data collected during the fall 

bottom trawl surveys. 

 

A distribution of herring spawning time is calculated during the estimation of the annual NMFS 

NEFSC larval herring index.  Combined with a numerical circulation model that will allow 

herring larvae to be tracked from sampling location backwards to hatch location, temporal and 

spatial patterns in herring spawning may be generated.  These patterns could then be compared to 

the time and location of the acoustic survey in each year and a correction factor could be 

developed to adjust for any mismatches between the spawning patterns as derived from the larval 

index and the acoustic survey.  A proposal based on this research has been submitted to the 

Fisheries and the Environment program and the project will be conducted by a team of scientists 

from NMFS NEFSC and Woods Hole Oceanographic Institute. 

 

In addition to the formal research projects described above, NMFS is continually collaborating 

with other institutes to improve sampling capabilities.  On-going collaborative projects include 

research and development of wide-band echo sounders and sonar systems that span spatial scales 

of sub-meters to thousands of square kilometers. 
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In recent years, the herring acoustic survey has been conducted during approximately the same 

2-4 week period and the timing and spatial coverage of the survey was not informed by any 

information about the occurrence of spawning herring.  The sampling design of the acoustic 

herring survey might be improved by using data, such as the biological and acoustic data 

collected during bottom trawl surveys, to inform the spatial and temporal coverage of the 

acoustic survey in each year.  The details of how such a program might work are yet to be 

evaluated and will require additional research. 

 

The biggest challenge facing the herring acoustic survey, and the completion of research related 

to the survey, is finding funds and people to process data and conduct the research.  In particular, 

preparing the acoustic data for use requires a large time commitment, as does conducting much 

of the research described above.  Temporary technicians have been available to conduct some of 

the analysis, but these positions are often short-term and create a discontinuity in personnel and 

expertise. 

 

2.2 Maine Department of Marine Resources 

Commercial catch samples are taken as part of ME DMR’s portside sampling program for the 

herring fishery.  These samples are used to develop the catch-at-age matrix for the Atlantic 

herring stock assessment and provide other important biological information, including 

information about the spawning condition of the fish.  The portside sampling program randomly 

samples 50 fish from landed catches of directed herring trips, and both fresh and frozen samples 

are taken.  When trips are being monitored for spawning status, 100 random fish are sampled 

from each trip, and the focus is on utilizing fresh fish.  Once sampled, the fish are transported 

back to the lab and immediately processed for length, weight, age, sex, gonad weight, maturity 

stage, gut fullness, and gut weight.  Even during the spawning season most fish being transported 

from Georges Bank are frozen, as the long trip would degrade the quality of the fish.  Fish that 

have been frozen are unlikely to produce accurate results when put through the same sampling 

process described above, and the GSI and staging results are thought to be compromised.  Once 

recorded this data is entered into the DMR relational database where the record of catch, effort, 

and sampling for each individual fish can be queried.  The database serves two primary 

functions; for GSI determination of inshore GOM closures and use for catch-at-age models.  It is 

also used for other various purposes such as determining the average ratio of males to females, 

average growth over seasons, the weight of female, inshore fish, and many others.  

 

The DMR database was queried for reported landings from Management Area 3 (Georges Bank) 

in September, October, or November between 2000 and 2009.  Number of trips that were 

sampled during these months and years are shown in Table 1.  A total of 106 trips are available 

to examine spawner characteristics on Georges Bank. 
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Year Sep Oct Nov Total 

2000 9 2  11 

2001 17 10 2 29 

2002 5 3  8 

2003 5 4  9 

2004 3   3 

2005 4 1 1 6 

2006 9 10 1 20 

2007   1 1 

2008  7  7 

2009 8 4  12 

Total 60 41 5 106 

Table 1. Number of directed herring fishing trips with portside samples 

collected for examination of herring spawner characteristics in Management 

Area 3 (Georges Bank). 

 

 

2.3 Vessel Monitoring System (VMS) Data 

Data on the fishing patterns of directed herring trips are available through VMS data.  These 

data, if accessible, would provide highly resolved spatial and temporal data on fishing patterns in 

Management Area 3 during fall.  Such data could be used to evaluate potential lost fishing 

opportunities or shifts in fishing effort if spawning closure(s) were implemented on Georges 

Bank. 
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1.0 AVAILABLE DATA ON HERRING SPAWNING ACTIVITY 

1.1  Massachusetts Division of Marine Fisheries (MA DMF) 

Commercial Atlantic sea herring catch samples have been collected and processed by the 

Fisheries Dependent Investigations project. Through dock-side and at-sea monitoring, this 

program collects information to document the state’s commercial fisheries performance and 

support stock assessment research. Because the current Atlantic sea herring management strategy 

has required GSI monitoring in the inshore spawning areas (e.g. MA/NH spawning area, Mid-

coast ME), MA DMF’s focus has been to collect information from these areas. As a result of this 

allocation of effort, the number of GSI samples for the offshore spawning areas is not as robust. 

Since 1999 through 2010 18 GSI samples have been collected and processed. Sample processing 

has been consistent with methods used by the state of ME and as defined by the ASMFC Atlantic 

herring FMP.  

 

Beginning in October 2010 MA DMF initiated the River Herring Bycatch Avoidance study with 

the partners of Massachusetts University/SMAST and the Sustainable Fisheries Coalition. This 

study, grant funded by the National Fish and Wildlife Foundation, will provide information to 

the mid-water small pelagic fishing fleet on the locations of higher abundance of river herring so 

that they can be avoided during commercial fishing activities. To accomplish this, MA DMF will 

be increasing port sampling to cover 50% of all trips landed in Massachusetts. Although not a 

direct objective of the study, this will allow MA DMF opportunity to increase the number of 

offshore GSI samples obtained for GSI sampling and significantly enhance the number of 

samples that are currently being processed. 
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1.0 FISHING VESSEL EQUIPMENT AND PROCEDURE 
The following information was collected via personal communication with several 
helpful industry members. 
 

1.1 HARVESTING  
On a typical herring boat the net is brought alongside the boat and a vacuum pump is 
lowered into the net to draw the fish out of the net and onto the boat. The catch enters the 
boat through a “bell” (Figure 1) and are pumped through a series of tubes and pipes 
(Figure 2).  
 

 
Figure 1. A bell, the beginning of the pumping process on a herring vessel 
 

 
Figure 2. Example of tubing used for pumping fish 
 
The catch is first drawn across a de-watering box (Figure 3, Figure 4) where some of the 
water that the pump brought on board with the fish is removed. If there are a number of 
particularly small fish in the catch then the de-watering box mesh may get clogged, and 
the efficiency of water removal decreases (Figure 5). From the dewatering box a series of 
metal chutes are employed which can be blocked off in differing areas to force the catch 
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in different directions (Figure 3, Figure 6), in order to channel the catch to different 
holding tanks (Figure 7).  
 

 
Figure 3. One vessel’s system for pumping fish, where fish would move from the bell (A), through the 
extendable tubing (B) to the de-watering box (C) and through a series of metal chutes to various 
holding tanks. The arrows demonstrate the movement of fish, while the chute marked (D) 
channelizes the removed water off the boat 
 

 
Figure 4. A De-watering box on another vessel, from the front 

A 

B C 
D 

Amendment 5 Volume III - Appendix I



 5 

 
Figure 5. Detail of the lower half of a de-watering box, demonstrating how small marine life and 
detritus can catch and clog on the mesh 
 

 
Figure 6. A different boat’s metal chutes, used to channelize the fish to the different holds (A, B, C), 
with one side closed off (D) 

D 

A 

B C 
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Figure 7. Detail of channelization (A) into the holding tank (B)   
 
Once in the holding tank cold water is employed to keep the fish fresh (Figure 8, Figure 
9). Some boats will dewater the tank out at sea to get rid of the enzymes from the 
herring’s stomachs and re-fill the holding tank with fresh water. The enzymes can build 
up in warm water and cause the fish to decompose and potentially lose their skin.  
 

 
Figure 8. A holding tank, empty 
 

A 

B 
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Figure 9. A full holding tank, with fish and water 
 

1.2 OFFLOADING 
Once the boat docks, the fish are pumped back out of the hold onto shore; in some ports a 
pump which is separate from the vessel, typically located on the dock, is employed to 
move the fish off of the vessel (Figure 10) and in other ports the vessel has to reverse the 
boat pump. During offloading a series of tubes and pipes are employed to move the fish 
(Figure 11). This process varies with different boats and different ports, but in most cases 
the fish run back over another de-water box and out to fill up either containers or trucks 
(Figure 11, Figure 12, and Figure 13).  
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Figure 10. This pump, situated on a dock,  is used to move the herring from the boat and into the de-
watering box and eventually a truck or container, situated portside. 
  

 
Figure 11.  When a boat offloads at this port the herring move in the pipes, some 20 feet off the 
ground (yellow arrow), into the dewatering box (A) and then into a truck (not pictured).  
 

A 
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Figure 12.  At this port herring are unloaded from the vessel, into tubes on the dock (A), up through 
another tube and into a dewatering box (B). Trucks drive under the end of the dewatering box (C) 
and fish are dumped into containers or the truck itself (not pictured).  
 

 
Figure 13. A de-watering box with fish on their way to the truck 

A 

B 
C 
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The containers and trucks vary in size and dimensions that depend on the buyer, location, 
and time of year(Figure 14 and Figure 15). Truck sizes can range from 18 wheel trucks to 
box trucks, and containers can vary from bags to large bait containers (Figure 16). Some 
extended, 22 wheel trucks may also be employed to carry the herring.  
 

 
Figure 14. Trucks picking up herring in Portland, ME clog the streets as they wait to be filled. 
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Figure 15. A flatbed truck carrying bait containers as it is being filled from the de-watering box. A 
man holds a tube in place to direct the flow of herring. 
 

 
Figure 16. Bait containers wait to be filled on the side of the dock. 
 
Although the de-watering box gets rid of some water,  this process in not very thorough 
and some of the water stays with the fish (Figure 17 and Figure 18). Some trucks will pull 
aside, allow the water to flow out of the truck and the fish to settle, and then will come 
back to be filled further (Figure 19 and Figure 20). With current regulations most boats 
can only land their fish two days out of the week, and therefore the scene at the dock can 
be crowded and hectic during those days, and deserted on other days (Figure 21 and 
Figure 14).  
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Figure 17. Herring and water are pumped into a bait container  
 

 
Figure 18. Filled bait containers to the point of overflowing. 
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Figure 19. A bait truck waits to de-water after the truck is filled with herring. 
 

 
Figure 20. The amount of water discharged  from a bait truck after being filled with herring for only 
a few minutes. 
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Figure 21. Trucks line up down the road, all waiting to be filled with herring. 
 
Ice is occasionally employed for keeping fish cool within a truck; however the cold water 
systems on the vessels maintain temperatures for long enough to ensure the quality of fish 
for bait purposes. If the herring are for human consumption, ice will likely be used. The 
filled trucks can be destined for many locations from down the street to several states 
away. Buyers of herring differ based on the seasons, and therefore so do the destinations. 
 
Payment is typically received after the fish arrives at a destination, when the two parties 
will agree on how many pounds of fish were received. The number of pounds purchased 
may be agreed upon based on assumed volumes, which come from the container or truck 
used, and herring are not often weighed. A typical assumption used by captains and 
buyers is that 5% of the estimated volume of fish once in the containers is comprised of 
only water.  
 

1.3 EQUIPMENT 
Although the sizes of the vessels and the holding tanks therein differ, the size of hose or 
pipe used is relatively standard. Similarly, the de-watering boxes tend to be the same on 
the vessels, although on land they come in much larger sizes.  
 

Vessel Pump Company
Pump Rate 
(tons/hour)

Extreme 
Rates # Pumps

1 Ryco 100 150 2
2 Trans Vac 50 60 1
3 Trans Vac 60 70 1
4 Ryco 60 70 1
5 Combo/self made 72 - 1  

Table 1.  Visited vessels pump specifications. Pump rates vary, and depend on the incline of the pipe 
or tube used; the steeper the incline the slower the pumping. Likewise, size of the fish will change the 
rate of the pump. Both the FV Sunlight and FV Starlight have pumps which reverse, meaning the 
pump will suck for 15 to 20 seconds and then discharge for 20 to 30 seconds.  
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Vessel
Size of 
Boat

Size of 
Pipes Inflow Outflow

Dewater 
Box

No. of 
Tanks Size of tanks (each)

1 164' 10.5" 10" 16" 10" - 10 between 100,000 + 240,000 pounds
2 - 8" 8" 8" 4'x6' 4 50,000 pounds
3 129' 8" 8" 12" 4'x6' 6 between 75,00 and 100,000
4 95' 8" 8" 12" 4'x6' 6 between 35,000 and 45,000
5 112' 8" 8" 12" 5'x5' 4 22 cubic feet  

Table 2.  On-board equipment by visited vessel. 
 

 

Osprey and Western Venture Ruth and Pat Starlight and Sunlight Providian
Portland ME x x x x
Rockland ME x x x
Stonington MA
Vinalhaven ME x
Cundy's Harbor x
Lubec/Eastport ME
Prospect Harbor ME x
Bath ME
Sebasco Estates ME
Newington
Portsmouth
Hampton/Seabrook
Gloucester MA x x
New Bedford MA x x x
Fall River x x x
Point Judith
Newport
North Kingstown
Cape May NJ x

Ports Typcially Utilized

 
Table 3. Estimated frequently visited ports, by vessel, compared to Amendment 1 to the Herring 
FMP’s “Communities of Interest” 
 
 

2.0 PROCESSING FACILITIES 
 
The portside offloading at processing facilities begins in the same way that direct 
offloading to trucks does, with large quantities of product moving off the ship via tubes 
and a portside pump (Figure 22). The herring are pumped up and over a de-watering box 
but prior to dropping into the truck or container, are moved along a short conveyor belt. 
This belt allows even more water to be drained from the fish (Figure 23). If the herring 
are to enter the processing facility rather than a truck or container, the herring are pumped 
from the dewatering box into the facility (Figure 24).   
 

Amendment 5 Volume III - Appendix I



 16 

 
Figure 22. A dockside pump utilized for removing fish from the hold and into the processing facility. 
 

 
Figure 23. The herring, after pumped off the boat and to the de-watering box (A) are then are either 
deposited into trucks or poultry bins via a hose for bait sales (B) or into the facility via a conveyor 
belt (C) and then into tubes into the plant for the food market. Meanwhile cold water is re-circulated 
between the boat and the storage tank (D) via pipes (E). 
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Figure 24.  Transportation pipes and hoses entering the processing facility after coming from the 
dock. 
 

 
Once in the facility the fish are stored in a holding tank until they are moved into the 
sorting process via a conveyor belt (Figure 25). The machines sort the herring into either 
four or five different sizes, and the bycatch also drops out (Figure 26). Once sorted, the 
herring are moved into one of three rooms, depending on their size.  
 

 
Figure 25. One of the holding tanks used in the process (A) with the controls for all the pumps which 

move the fish into the facility (B) and the conveyor belt (H) which begins the sorting process. 
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Figure 26. A sorting machine in which different sized herring fall to different levels depending on 
their ability to fit though the bars. 
 
In each room, upon entering, the herring are manually sorted in order to remove bycatch, 
and then conveyed into a holding tank. From the holding tank the fish are conveyed into a 
hopper system, which has two scales within it to parse the fish by a specified weight for 
packaging (Figure 27 and Figure 28). The packaging, which is done manually, consists of 
dropping the fish into a plastic bag, which is then placed inside of a box (Figure 29). The 
first room contains four of these hopper systems which operate at six tons an hour, 
average. 
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Figure 27. A full hopper system with a small holding area (A), a conveyor (B) and a two hoppers (C). 
 

 
Figure 28. The dual conveyor belt picks up fish in small and large increments, to be used to fill the 
hoppers to the desired weight for packagaing. 
 

A 

B 
C 
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Figure 29. Each of the two hoppers pictured here (A and B) has an electronic scale to verify the total 
weight of the fish. As one hopper opens to drop the fish down the chute (C) and into the packaging 
(D), the other hopper is being filled and the contents weighed and later opens as the first hopper 
begins to fill again. 

 
In the second room, however, there is a processing line which does not contain any 
machine, and all sorting and packaging is done manually, using standing scales. In the 
third room there is a processing line in which even the packaging is done by machine 
(Figure 30). Both of these rooms also contain hopper systems (one in the second, three in 
the third), and each line is used depending on the size of the fish and the amount of fish 
being brought into the facility.  
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Figure 30. The completely computerized packaging system, which is utilized after the hopper system. 
 
There is an advantage to having each box weigh as close to the desired weight as 
possible. After the boxes are taped up they are either loaded into a freezer to sell later 
(Figure 31) or shipped out immediately. In either case, the shipping costs are based on the 
weight of the boxes, and therefore it is in the interest of the seller to keep the weight to a 
specified measure, such as 20 kilos.   

 
Figure 31. Boxes of fish stacked floor to ceiling in the freezer, waiting for shipping. 

 
The previous discussion was based on a site visit to Lund’s Fisheries, Inc, which can 
process around 480 tons of herring a day and utilizes seven 2,500 horsepower engines in 
order to chill the product. The two other major processing plants involved in the herring 
fishery, NORPEL and Cape Seafoods, are assumed to be similar in operation for the sake 
of furthering management measures. Cape Seafoods is reported to have two scales on 
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each of four processing lines as well as one scale on each of the other two processing 
lines. It should also be acknowledged, however, that Lund’s operates within the food 
market and may therefore operate with differing equipment and under different standards. 
  

3.0 FLOW SCALES 
 
Three scale companies were approved by the NMFS Alaskan Regional Office (ARO) for 
their at-sea scales: Scanvaegt, Pols, and Marel. Approximately 6 years ago Pols was 
bought by Marel, and then approximately 3 years ago Scanvaegt was also bought by 
Marel. Since then the personnel at the ARO have been working with the people of Marel 
to continue to maintain and certify the at sea scales. The only other company that 
produces marine scale of the flow and hopper variety in the US is Ryko. 
 
In both flow scales and hopper scales a computer monitoring system comes included. 
Both companies (Marel and Ryko) extol the wonders of having computer systems helping 
to control production and monitor data. Marel claims that the speed of the pumps can be 
controlled by the computer and that the monitoring benefits will aid in optimizing the 
system by pointing out the strengths and weaknesses of the fish processing on board or 
portside.  
 
Certification of both types of scales is typically conducted by either the NMFS personnel 
or the state Department of Weights and Measures. 
 

3.1 DESCRIPTION 

 
Photo Credit: Marel  

 
 
Flow scales are used in conveyor systems where there is a continuous flow of material, 
such as herring. It is typically equipped with a weight sensor that the fish pass over as 
they move down the conveyor belt. The computer attached to the sensors weighs the fish 
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continuously and the resulting weight is a total of those measurements. The 
representative for Ryko highly recommended that a de-watering conveyor be set up 
before the flow scale rather than a de-watering box to ensure as much accuracy as 
possible. The Committee may want to consider a buffer for water within the 
measurements, regardless of de-watering strategy, as complete removal of water is 
difficult in a high volume fishery. The representative for Marel suggested that a cold 
water bypass system be developed that could immerse the fish once they are through the 
scale. 
 
Both Marel and Ryko make their scales out of stainless steel, and are supposed to be easy 
to operate and clean.  They were both designed to withstand the rigors of exposure to the 
ocean environment and direct contact with seawater. The scale is typically bolted to the 
floor to avoid movement. Neither scale is designed to be portable.The dimensions of the 
Marel scale are 6 feet long by 3 feet wide, and the height can be adjusted. The Ryko is 2 
feet wide by 6 feet long.   
 
Ryko scales claim to have never slowed a pump down by putting their scale into the 
system. Marel lists the thoughput of it’s flow scale at 70 or 80 tons per hour, depending 
on belt size, which would slow some of the surveyed boats down.  
 
Both scales are said to have motion compensation built within the system. The 
representative for Marel suggested that if the scales were to be exposed to the elements, 
particularly wind or freezing spray, that something may need to be built around the 
scales, suggesting the sensitivity of the measurements to the elements. The representative 
for Ryko suggested that the accuracy of a flow scale was between 3 and 7% 
 

3.2 COST 
The cost for an at-sea flow scale from Marel is estimated to be around $70,000. Ryko 
estimated that their flow scale, which works on both land and sea, would cost $50,000. 
Marel does not currently make a land-based flow scale, but are working on developing 
one currently, and once certified will likely cost around $70,000 as well. 
 
The Marel scale costs between $3,000 and $5,000 to install plus travel and expenses for 
the installation technicians. Freight is between $1,000 and $1,500. The Ryko scale ships 
for between $500 and $1000 with a crate fee of around $500. The majority of Ryko 
owners do their own instillation. 
 

3.3 MAINTENANCE 
Maintenance for the Ryko scales is not expected to be great, and phone support is free, 
and parts can be ordered individually online. Maintenance for the Marel scales vary, but 
for vessels going out to sea for multiple months on the West coast, they offer a package 
of all the parts that could break for $15,000. 
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3.4 EXPERIENCES 
Mr. Kingsolving, a NMFS employee who works with flow scales in the Pacific 
Northwest and Alaska shared his experiences from the past few years with the Pollock, 
Rockfish, Flatfish and most recently the Pacific Cod fisheries . He mentioned that space 
and experience can become large issues when flow scales are used on boats, and 
suggested that the herring industry might not be the right fit for flow scales at this time. 
On the west coast his experience was that the cost of a flow scale, total, tended to cost 
around $100,000 and that the scales themselves needed continual maintenance and 
tinkering by people experienced in mass-processing facilities, and ought to be used on 
boats and in areas where mass-processing equipment is routinely used, such as the 
“motherships” and processing vessels from the west coast. He also mentioned that 
certification and maintenance issues can become difficult when state weigh-masters 
become involved and have different standards than the federal agency.  
 
An industry member from the Atlantic herring fishery who owns a processing vessel also 
shared his experience with a flow scale. Purchased recently, he bought the flow scale 
used from a company in Norway for around $80,000. The vessel has a 200mt tank, which 
when the scale was installed, provided fish to two separate de-watering belts before the 
fish were weighed. The fish then went on to be processed.  
 
The scale itself was a Marel 3-axis, motion compensated scale, which was designed to 
work on boat.  According to his experiences, however, if the scale was not mostly dry 
and the sea was not calm then the weights that the scale took would be off by several 
orders of magnitude. In addition, if the catch composition was made up of smaller fish 
then the scale would also have difficulties taking accurate weights. He proposed that the 
problem was in the design; that the scale had been made for fisheries which processed 
larger fish, one at a time, as opposed to being made for use in a pelagic fishery such as 
herring.  
 
 

4.0 HOPPER SCALES 
 

4.1 DESCRIPTION 
A hopper scale utilizes different chambers which fill up at differing times to keep a 
continuous flow of product moving through the scale. The advantage of a hopper scale, 
according to both the Ryco and Marel representatives, is that it can be built in many 
different sizes to accommodate multiple situations, while still being a relatively simple 
scale (Figure 32 and Figure 33). They are also said to be easy to calibrate and maintain 
and can be built for use on land or at-sea. Hopper scales can also be built with multiple 
hoppers, in which a diverter assures that while one side is filled and weighed, the other 
side is released, ensuring a faster process. 
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Figure 32. A Ryco marine hopper scale, in which the fish move from the upper box to the lower box, 
where the fish are weighed. 

   
Figure 33. A step by step process through the basic hopper scale process. First, the Upper Garner is 
filled with the material. Second, the material is released into the Weigh Hopper, where the weight 
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will be recorded. In the third step, while the weight is being recorded, the Upper Garner Gates are 
closed, so that the Upper Garner can fill again.  In the fourth step the Upper Garner continues to fill 
while the Weigh Hopper releases its contents into the Lower Garner, so that the Upper Garner can 
fill the Weigh Hopper again and start the process over. (Photo Credit: USDA)   
 
The Marel representative estimated that the hopper scale would be able to keep up with 
the pace of the fishery, but may add between 5 to 10 minutes to the process at the worst. 
In either at-sea or portsides situations the water would need to be removed from the fish 
for the scale to work. Hopper scales can be portable as long as stationary on the trucks 
while the weighing is occurring, although long distance and frequent travel is not 
recommended. According to the Marel representative the hopper scales would be 4 feet 
by 4 feet square and the height would be adjustable from 5 feet or less to 30 feet. The 
Ryco representative stated 48 inch square as being the average size, but has seen hopper 
scales built as small as 24 inches square.  
 

4.2 COST 
The cost for an at-sea hopper scale from Marel is estimated to be around $40,000 to 
50,000, depending on the modifications needed in each boat. A single hopper that would 
be situated portside would cost close to $30,000. The Ryko representative estimated that 
their single hopper would cost $20,000 including shipping and that a double hopper 
would cost between $35,000 and $38,000.  
 
The Marel scale costs between $3,000 and $5,000 to install plus travel and expenses for 
the installation technicians. Freight is between $1,000 and $1,500. The Ryko scale ships 
for between $500 and $1,000 with a crate fee of around $500. The majority of Ryko 
owners do their own instillation. 
 

4.3 MAINTENANCE  
Maintenance for the Ryko scales is not expected to be great, phone support is free, and 
parts can be ordered individually online. Maintenance for the Marel scales vary, but for 
vessels going out to sea for multiple months on the West coast they offer a package of all 
the parts that could break for $15,000. 
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5.0 TRUCK SCALES 
(All information courtesy of Wayne at Cat Scales, Paul Gerard with Advanced Scales and 
Rice Lake Weighing Systems, Ed at All-Tech Weighing Systems Inc (Portland, ME), 
Gentle Giant Corporation, The Portland Recycling Center, and the Scale-Mart 
Corporation). 
 

 
Figure 34. A truck scale in use (photo credit: http://science.howstuffworks.com/question626.htm) 
 

5.1 FIXED TRUCK SCALES 
Fixed truck scales are scales which have been specially constructed and calibrated to give 
the user the most accurate information possible. Their size depends on what the user is 
looking for; the scale pieces are modular and a very large scale can be built to 
accommodate the largest of trucks. Scale pieces come in 20 and 30 foot increments. For 
the purposes of the herring fishery, the scales could be built to suit each location and the 
type of trucks that are utilized. There was consensus among all representatives that fixed 
trucks scales are the most durable of the truck scales for marine weather. 
 
The general procedure for weight verification of herring would be to measure the truck 
once before the fish are transferred and once after; the difference would be the estimate 
of the weight of the herring. If the truck is going to be hauling out barrels or boxes full of 
fish, those items could be placed in the truck for the pre-fish weigh-in.  
 
The difficulty is that in each location there would need to be a permanent structure which 
is large enough to accommodate trucks, infrastructure and the equipment associated with 
the scale (computers, on and off ramps, etc.). The scales also require a power source.  
 
The estimates for fixed scales range widely from $30,000 to $100,000. The cost for the 
scale itself depends mostly on size; a middle of the road, 70 foot scale is approximately 
$40,000.  The cost escalates, however, with the addition of shipping costs and 
installation, which typically cost $4,000 each. The cost of a foundation is also large and 
varies widely depending on the area of installation. The average estimate is around 
$15,000 to $18,000. All together the average scale would cost $65,000, if everything 
went well. One estimation that that came to a total of $100,000 included cement piers and 
other structural modifications beyond simple bulldozing and laying foundation. With the 
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structural challenges at many offloading sites, installation of scales may be made 
significantly more expensive. 
 

5.2 EXISTING TRUCK SCALES 
One alternative to buying the fixed truck scales is utilizing existing truck scales which are 
for hire. Before a truck is scheduled to come and retrieve herring from the docks, a 
weight measurement could be required on its route. The truck would complete the 
loading of the herring as normal, and then on the way its destination, it could be weighed 
again. The difference between the two weights would be the weight of the fish, and any 
ice that is put in with the fish.  
 
The advantage to this is cost; the approximate cost for weighing a truck is between $10 
and $15, a cost which typically covers multiple re-weighs in the same 24 hour period. 
Many have been set up under very specific guidelines provided by the scale companies 
and the state Department of Agriculture, and they are inspected yearly by the same 
department. Certain companies even offer guarantees for their measurements; if you are 
fined or taken to court; they will either pay the fine or accompany the customer to court 
(CAT Scales).   
 
Using existing truck scales and infrastructure presents two problems. The first is 
availability. While most ports that herring are landed (communities of interest, 
Amendment 1 to the Atlantic Herring FMP) have scales nearby (see Figure 35 through 
Figure 43), two ports have scales that are at least an hour away from the port: Sebasco 
Estates and Point Judith. The two most northern ports in Maine, Prospect Harbor and 
Lubec/Eastport, are not located near scales. The two island ports, Stonington and 
Vinalhaven, do not have scales on them, however it is questionable of trucks are used. In 
some ports, driving to an available scale may require driving a long distance, particularly 
if the truck is destined for only a few miles away. Encountering a scale may be difficult, 
due to the large spread of destinations for the trucks, and could lead to excessive driving. 
This in turn could ruin the fish, if they have to be in the heat for too long. Fish could also 
be compromised if the line for the scale is long, and the truck full of herring is forced to 
wait until the scale is free (Figure 14).  
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Figure 35. Existing truck scales in the Cape May, NJ area, marked with violet markers. The yellow 
box indicates a Community of Interest (Amendment 5). The closest approximate port-to-scale drive 
time is ten minutes and the furthest port-to-scale drive time is 33 minutes. (maps.google.com) 

 
Figure 36. Existing truck scales in the Point Judith, Newport, and North Kingstown, RI areas, 
marked with violet markers. Yellow boxes indicate Communities of Interest (Amendment 5). The 
closest  approximate port-to-scale drive time is  less than five minutes and the furthest port-to-scale 
drive time is approximately 42 minutes (maps.google.com)  
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Figure 37. Existing truck scales in the New Bedford, MA area, marked with violet markers. Yellow 
box indicates a Community of Interest (Amendment 5). The closest approximate port-to-scale drive 
time is eight minutes and the furthest port-to-scale drive time is five minutes. (maps.google.com) 

 
Figure 38. Existing truck scales in the Gloucester, MA area, marked with violet markers. The yellow 
box indicates a Community of Interest (Amendment 5). The closest approximate port-to-scale drive 
time is < 5 minutes, while the furthest is 11 minutes. (maps.google.com) 
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Figure 39. Existing truck scales in the Portsmouth, NH area, marked with violet markers. The yellow 
indicates a Community of Interest (Amendment 5). The shortest approximate port-to-scale drive 
time is less than five minutes,  the while furthest is 11 minutes. (maps.google.com) 

 
Figure 40. Existing truck scales in the Hampton/Seabrook, NH area, marked with violet markers, 
closest to the Communities of Interest (Amendment 5). The shortest approximate port-to-scale drive 
time is six minutes and the furthest port-to-scale drive time is 13 minutes. (maps.google.com) 
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Figure 41. Existing truck scales in the Portland, ME area, marked with violet markers. The yellow 
indicates a Community of Interest (Amendment 5). The closest approximate port-to-scale drive time 
is less than five minutes and the furthest port-to-scale drive time is 15 minutes. (maps.google.com) 

 
Figure 42. Existing truck scales in the Bath, ME area, marked with violet markers, closest to the 
Communities of Interest (Amendment 5). Both the shortest and longest approximate port-to-scale 
drive times are less than five minutes. (maps.google.com) 

Amendment 5 Volume III - Appendix I



 33 

 
Figure 43. Existing truck scales in the Rockland area, marked with violet markers. Yellow boxes 
indicate Communities of Interest (Amendment 5). The closest port-to-scale drive time is 
approximately less than five minutes and the furthest port-to-scale drive time is approximately 11 
minutes. (maps.google.com) 
 
The other issue is the involvement of a third party. The company or organization which 
allows the scale to be used is neither the buyer nor the seller, but they will instantly be 
involved in the transaction. Legally, in order to issue a certified measured weight for 
payment for another party, the person issuing the information has to be licensed to print 
the ticket and give both parties a gross weight. This certification means that the slip of 
paper with the weight on it has to have an impression seal. Many of the scales in the 
range of the ports which land herring do not have a certified weigh master at their 
location around the clock, and the trucks could only be weighed at certain hours, which in 
turn could present a large hurdle for the buyers of herring. (Steve Giguere, Maine Dept. 
of Agriculture, Weights and Measures Inspections)  
 
Another other option is place people such as portside samplers into these roles and train 
them to be certified weigh masters. The cost is $25 per person per year to be certified, 
plus any additional training. Harbormasters may be another group of people to train and 
have ready at different times in the day. The difficulty would still be availability of scales 
for the observers to operate and the cost of the observer or weigh master salary. 
(Steve Giguere, Maine Dept. of Agriculture, Weights and Measures Inspections)  
 
Using existing scales could be an option, but it will require a lot of coordination and 
possibly extra driving for trucks and decreased quality for fish.    
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5.3 PORTABLE TRUCK SCALES 

5.3.1 Large Portable Scales 
There are two types of portable trucks scales. The first is a rather large scale, and is very 
similar to the fixed truck scales, as it comes in units of around 35 feet. The units can be 
disassembled and placed into a flat bed truck for transportation, but portability is an issue 
with such large pieces. The scale does require a power source. The cost is less than the 
permanent scales, as two units of 35 feet, for a total scale of 70 feet, average around 
$25,000 to $30,000. 
 
There are a few major issues with the portable scales, in addition to the cost. Using a 
portable scale is very similar to using a fixed scale; the infrastructure around the scale has 
to be close to perfect in order to facilitate a correct measurement. Approaches and exit 
ramps must be built to specification around the scale, which typically require bulldozers 
or  heavy machinery because the mounds have to be perfectly straight. If the mounds are 
not perfectly straight the truck will put uneven pressure on the scale and possibly break 
inner components.  They must be installed in a non-muddy area and the ground must stay 
relatively dry, which may be difficult with a large amount of water leaving the trucks 
after pumping the fish. (All-Tech Weighing) The other disadvantage is that the scale 
cannot legally be left in place for more than six months, so if the Committee wanted to 
utilize one for a season to determine its effectiveness, the scale would likely have to be 
removed before the season ends. (Steve Giguere, Maine Dept. of Agriculture, Weights 
and Measures Inspections) There can also be issues with the calibration and sensors 
within the scale if the scale is taken  over bumpy roads or for long amounts of time.  

 

5.3.2 Wheel Pads 
 

 
Figure 44. A wheel pad (photo credit: http://www.onboardscales.com/wheel-weigher-truck-1.htm) 
 
The other form of portable scale is a very small and portable. Typically weighing around 
40 pounds this scale operates on batteries and can come in either raised metal models or 
flat LCD models. The cost for the weigh pads is slight; between $2,200 and $5,000 per 
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pad. No installation is required. The pads are used by driving onto a pad, one or two 
wheels at a time and tallying the weight on all of the wheels 
 
The disadvantages of this scale is that accuracy range, particularly for larger, heavier 
vehicles, is so poor that the scale cannot be classified as legal for use in trade. That means 
that the weights that could be measured via these pads would not be able to be used for 
payment between herring seller and buyers. Within the scale industry these are only sold 
for law enforcement purposes.  
 

5.3.3 Axle Pads  
 

 
Figure 45. Axle  pads (photo credit: http://truckscales.com/index2.htm) 
 
Axel pads are very similar to wheel pads in that they are small and portable. The user 
drives the truck, two wheels at a time, onto the two axle pads. They are typically 7 feet 
long and have built in on and off ramps. This means that the area utilized for this scale do 
not require much more than a flat surface and an energy source, such as a generator. The 
cost for axle pads is around $13,000 for two.  
 
Also similar to the wheel pads, these axle pads cannot be used for payment between 
sellers and buyers and are typically only sold for law enforcement purposes. 
 

5.4 ACCOUNTING FOR ICE AND WATER 
As was previously explained (Section 1.2), ice may or may not be used to keep fish cool 
when being transported. In considering all the three types of scales mentioned above it, 
will be important to factor in an uncertainty into estimates for ice and water, particularly 
if it is known that ice is being used in the truck. If a truck scale is used it is possible to 
weigh a truck when full of ice, then again when full of herring, and take the difference. 
Alternatively, the weight of the ice which is bought for the truck could be added to the 
pre-herring truck weight. On hot days, however, it is unlikely that the ice will not melt 
and therefore change the measurements accordingly.  
 
In addition to the possibility of ice in the trucks, uncertainty in truck scale measurements 
should also be factored in for all catch due to water weight. Although most fish go 
through at least one de-watering box before entering the truck, not all the water will be 
removed. Even if the truck waits to drain all the water out of the trailer it is still possible 
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for some of the weight to be attributed to water. (Industry Members, Personal 
Communication)   
  
 

6.0 CERTIFIED VOLUMETRIC ESTIMATES 
 

6.1 SEALING AND MEASUREMENTS 
The State of Maine requires that all boats have their vessel holds measured (Section 7.1), 
and charges each boat based on the size and a rental fee. The cost is approximately $3 a 
hogshead up to 100 hogsheads, and is $1 a hogshead thereafter. There is also a cost of 
around $50 a day to rent the meter required to do the work. For a 100 hogshead boat this 
means the cost would be around $350.  
 
The process of the certification needs to be understood to estimate how the program 
would work federally, however. In order to determine the volume, seawater is pumped 
into the hold using a 3 inch trash pump (a pump which is not hindered by objects in the 
water) to pump water through a mass flow meter. When the meter shows that 5 hogshead 
worth of water has been pumped into the hold, the process is stopped and a mark is made 
on the hold’s wall to indicate where 5 hogshead is. This process is repeated over and over 
until the hold is full, then the water is drained and the marks made permanent. This 
allows anyone to lean into the hold, look at the side, and determine how much volume of 
fish exists. 
 
The process can take a full day and more, depending on how large the hold is, and 
requires two men. Because the mass flow meter is very accurate, based on measurements 
of oscillations through a tube, and due to the difficulty in finding them, the cost of the 
mass flow meter is estimated to be between $20,000 and $25,000. Departments of 
weights and measures in other states may benefit from having this meter in their office, as 
it can pump many forms of solids and liquids, however between the cost of the meter and 
the cost of labor, this option would be expensive for the states if implemented. None of 
the states between New Jersey and New Hampshire had a flow meter available for use, 
and all recommended that the process be done by either the State of Maine or a federally 
qualified weigh-master.  
(Steve Giguere, Maine Dept. of Agriculture, Weights and Measures Inspections)  
 
An alternative to using the State of Maine for certification would be to use a Marine 
Surveyor. Most Marine Surveyors cost around $100 dollars an hour, plus travel and 
expenses. For a simple volumetric measurement and certification, using the dimensions 
of the hold, the cost could be estimated between $300 and $600, depending on the person 
employed. The accuracy of this method is questionable, however, as the holds are not 
always uniform or square. Use of a flow meter would likely produce a far better estimate 
of volume, as the water can adjust to the different shapes and sizes. The other issue with 
use of Marine Surveyors is the accreditation. Surveyors are not regulated, but there are a 
few accreditation societies. Some merely charge a fee, however, and require no testing or 
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adherence to standards. While one option may be to require a certain form of equipment 
and a certain type of procedure, in certifying holds, the cost of equipment and procedure 
may serve to drive the cost of the certification up, and it may be cheaper and more 
accurate to question the integrity of the surveyor, rather than the equipment. 
(Thomas Hill, Marine Surveyor) 
 
To perform a similar process on a truck or container both would need to be certifiably 
sealed, to ensure that no water escapes. If either has a uniform bottom, however, it is 
relatively simple to use a tape measure to estimate volume, and convert that estimate to 
hogsheads.  
 
Once the holds have been marked there is a method for achieving more accuracy than a 
visual confirmation. The concept is to take a heavy object that is lowered into the hold on 
a tape or pole and does not displace the water. The height of the water and fish is 
measured against the tape or pole, which can then be expanded to the entire volume using 
a table or graph. If the hold already has demarcation of the volume, then the volume can 
be checked visually  
(Steve Giguere, Maine Dept. of Agriculture, Weights and Measures Inspections)  
 

6.2 VOLUMETRIC UNIT CONVERSION 
Another difficulty faced in volumetric measurement is units. One unit of hogshead can 
vary in interpretation. Conversion between units is also difficult with water involved; an 
average ought to be decided by the committee for converting a volume to a weight. In 
both Europe and Maine, where certified volumetric measurements are used, the 
conversion between volume and weight has been specified to avoid confusion, and has 
been for some time (see Appendix A for a historical document from Maine and Section 
7.3 for discussion of the European regulations). Similarly, the State of Maine is currently 
working to determine how much weight there is per bushel of harvested menhaden. The 
Southeast Fisheries Science Center has been utilizing a “standard of fish” as its 
conversion factor in the menhaden fishery, and the units seem to work well; it was 
hypothesized that if a deck log on any given boat were to be surveyed that the sum of the 
at-sea estimates would come within a margin of 5% accuracy (See Appendix B for a 
historical documentation). The Committee may want to specify units of measurement 
used in certified volumetric measurements, if they are pursued. A table of units and their 
conversions can be found in Table 4.  
 

Unit Cubic Meters Bushels Short Tons Metric Tons Pounds
State of Maine Hogshead 0.62 17.50 0.61 0.56 1,225.00

European (Herring) Herring Unit 100.00 28.38 90.39 82.00 180,780.00
European (Mackerel) Makerel Unit 100.00 28.38 85.98 78.00 171,961.00
Southeast Science 
Center (Menhaden) Standard Fish 0.36 10.23 0.34 0.30 670.00

Volume Weight

 
Table 4.  A table of conversions from volume to weight used at different times and locations 
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7.0 REGULATIONS REQUIRING WEIGHING OF FISH OR VOLUMETRIC 
MEASUREMENT 

 

7.1 STATE OF MAINE 
Regulations in the State of Maine already require that herring vessels have their fish 
holds measured and “sealed” by the State Sealer of Weights and Measures, so many 
vessels in the herring fishery already have the information necessary to determine the 
capacity of the fish holds.  Relevant regulations from the State of Maine are summarized 
below. 

• Sealing of boats.  The holds of all boats transporting herring for processing 
purposes must be measured and sealed by the State Sealer of Weights and 
Measures or the State Sealer’s designee. 

• Fee.  The owner of the boat shall pay a fee for the measuring and sealing as 
determined by the State Sealer of Weights and Measures, based on the carrying 
capacity of the boat. 

• Method of measuring and sealing.  The measure must be in 5 hogshead divisions 
measured by liquid measure from a calibrated prover to the top of the hatch 
coaming.  The measurement must be marked and permanently sealed, both 
forward and aft, in the hold, in the most practicable manner, while the boat is 
afloat. 

• Notification of broken seals.  The boat owner shall immediately notify the State 
Sealer of Weights and Measures of any alteration or the breaking of any seal. 

• Certification to commissioner.  After measuring and sealing each boat, the State 
Sealer of Weights and Measures shall certify to the commissioner the name of the 
owner and the name and capacity of each boat. 

(Note: 1 hogshead = 17.5 bushels = 1,225 pounds) 
 

7.2 FISHERIES OF THE EXCLUSIVE ECONOMIC ZONE OFF ALASKA 
The equipment and operational requirements established by NMFS (§ 679.28 (Alaskan 
Fisheries) and § 680.23(Shellfish)) state that a vessel must have the on-board scale 
approved when initially installed and inspected by NMFS personnel each year thereafter 
(proved with a sticker and/or inspection report). In order to be approved, the scale make 
and model must be listed on a Regional Administrators list, and proof of initial laboratory 
testing must be provided, along with information about the specific scale. Custom hopper 
scales can be approved under certain qualifying conditions.  
 
During annual inspections the responsibilities of the vessel owner are explained in the 
regulations.  The vessel owner must also test the scale once daily and record specific 
information from the scale which is relevant to the test. The test itself is outlined in the 
regulations for each type of scale and for the weights used to conduct the test. The vessel 
owner must also perform regular maintenance and print reports daily. The reports have a 
list of required information such as pounds measured in a specific timeframe and basic 
vessel information and it is specified how long the reports need to be available and to 
whom. All weighed catch is reported.  The scale cannot be installed where it may be 
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bypassed easily and observers must be able to see that all catch is being passed through 
the scale. 
(http://www.fakr.noaa.gov/regs/680/680b23.pdf; 
http://www.fakr.noaa.gov/regs/679b28.pdf) 

7.3 EUROPE 
All E.U. and Norwegian-registered fishing vessels that carry their catch in refrigerated 
sea water (RSW) tanks are required to carry on-board calibrated volume tables for all of 
the fish tanks on the vessel.  Those calibration tables must be checked and stamped by the 
member state under whose flag the vessel operates.  The calibration tables are normally 
produced by the marine architect when the vessel is in the final stages of building; this 
will then be certified by inspectors from the fishery control of that state.  In the case of a 
second-hand or converted vessel coming into the fishery, all the fish tanks have to be 
measured separately and calibrated by a competent marine architect, and again verified 
by an inspector. The calibration system works by measuring the entire volume of the tank 
to get its cubic capacity; the tank is  measured in 10 cm increments, and this is scaled 
from the floor up to the edge of the hatch. 
 
To actually measure the volume of fish in the tank, the fishery officer drops a small, flat 
steel weight about six inches square, connected to the end of a regular tape.  When the 
weight falls through the water and settles on the fish, the officer then checks off the 
measurement against the hatch top.  With this measurement, the officer can go to the 
calibration book for the vessel and calculate the cubic volume of fish in the tank.  This 
process is then repeated on all the other tanks that contain fish, and the total cubic volume 
is calculated. 
 
Because a cubic meter of fish does not equal a ton of fish, it was agreed with all control 
agencies in Europe and Norway that the following volume calculation values should be 
used: 
• Herring per cubic meter x 0.82 (i.e., 100 cubic meters = 82 tons of herring) 
• Mackerel per cubic meter x 0.78 (i.e., 100 cubic meters = 78 tons of mackerel) 
 
This system has been in place for over 20 years and has been tried and tested many times, 
with total catches monitored and weighed in controlled conditions.  It was always found 
to have an accuracy of between two and seven percent, depending on how accurate the 
person was when measuring.  The vessels were originally allowed a discrepancy of 20% 
in what they declared and what the final result was, but this was found to be unnecessary.  
The discrepancy is now reduced to 10%, and both fishermen and control agencies feel 
comfortable working with this level. 
 

7.4 CANADA 
The Report on the Atlantic region dockside monitoring program and procedures for 
Fisheries and Oceans Canada (DFO) specify that Dockside Monitoring Companies 
(DMC) be established with a number of requirements. The policy establishes that the 
proper equipment must be available 24 hours a day and maintained via operational 
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procedures and set requirements established by the individual DMCs. It also specifies 
that records of deployment of the Dockside Observers be readily available via databases 
or hard copies and that the information and data that is collected be protected under the 
provisions of the Privacy Act and maintained and archived for two and one-half years. 
Procedures are outlined for training observers, including demonstrating proficiency in 
“fish handling practices, off loading methods, and weigh-out methods and practices” and 
that Dockside Observers are trained in the weighing procedures that have been approved 
by the DFO.  The duties of the Dockside Observer require that all dockside monitoring 
occur at a fish landing station, government wharf, or fish-buying wharf. All catch that is 
offloaded must be weighed and a clear line of sight from the boat to the scale must be 
maintained at all times. All boats must be checked after the offloading to certify that all 
catch has been removed, and the Dockside Observer can inform the off-loader that and all 
remaining fish be removed.  
(http://www.dfo-mpo.gc.ca/communic/fish_man/ardmp/ardmp-pvqra_e.htm) 

 
The Scope of the Fishing and Fish Products Sector Review, conducted by Measurement 
Canada, is in the process of establishing “an appropriate level of involvement for 
Measurement Canada in this industry to ensure measurement accuracy and equity” based 
on stakeholder review. Specifically the review will establish their role in regaurds to 
platform, hopper, crane and truck scales. 
(http://www.strategis.gc.ca/eic/site/mc-mc.nsf/eng/lm00296.html) 
  
 

8.0 SUMMARY 
The regulations for the Canadian Dockside Monitors illustrates that while scales may be a 
useful addition to the herring fishery, it may be prudent to consider them in conjunction 
with dockside monitoring options in Amendment 5. Logically, any and all scales used to 
monitor the offloading of a vessel must be available at all times for those boats that must 
be monitored. Based on fisherman feedback, however, scenes of offloading tend to be 
complicated by multiple vessels offloading at one time, and care should be taken to avoid 
creating long backups for vessels which are returning. This may mean having multiple 
scales available at multiple ports if full scale coverage is required. If selective monitoring 
is chosen, then scales should be set up and ready to weigh as soon a vessel is ready to 
unload, to ensure the quality of the fish. Data collection, maintenance and quality should 
be assured though the monitoring program established. Likewise, once procedures for the 
chosen scales are established, observers will need to be trained in these procedures, 
including verification that the vessel is empty. Maintaining a clear line of sight between 
the vessel and the scale may be difficult, given the current setup of the ports for Atlantic 
Herring.   
 
Depending on the scale that is decided upon, proper procedures for installation, 
maintenance, calibration, and re-certification should likely be established by the 
Committee. Based on multiple interviews it seems reasonable to assume that once a scale 
is decided upon, the vendor of the scale will be willing and able to help the Committee 
establish these procedures. 
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Flow Scales and Hopper Scales 
In concept, flow scales have the potential to operate well in the herring fishery, however 
the speed at which they operate and the potential difficulties they can cause at sea make 
them less than desirable. Most importantly, the cost of such scales is so high that 
requiring their use would likely be prohibitive for the fishery. Hopper scales are more 
functional in the current operations, particularly if used on land. Similar to flow scales, 
however, the cost is prohibitive and implementing use in all ports or on all boats may not 
be desirable. Both flow scales and hopper scales are too large and permanent to be moved 
by portside or at-sea observers. Requirements to land all herring at certain ports may 
therefore become necessary, unless a frequency of sampling is determined which did not 
require 100% weighing of all catch. Most importantly, in the process described above 
(Section 1.2) it was illustrated that a decent amount of water tends to be left with the fish 
after the de-watering process has taken place. In both the hopper and the flow scales this 
could influence the recorded weight of the fish (however it may be different at processing 
plants).  
 
If the Committee would like to utilize the Alaskan regulations, a list of approved scales 
could provide guidance for the boats purchasing scales and for the administrators who 
certify them. Conduct during the annual inspections could likewise provide guidance for 
all parties involved to increase the chances of a precise inspection. Daily tests, which 
could be specified more clearly once a scale is chosen, would likely also enhance 
accuracy of the data. The procedures to use and the variables to be produced by the test 
will depend on the type of scale chosen.  All scales which have been reviewed for this 
discussion paper utilize computer reporting, and therefore would be able to produce a 
digital report. The required reports would also provide more accurate information 
regarding catch and the status of the scale. Placement of the scale onboard, however, 
would depend on the vessel. A requirement for certification of the scale upon initial 
installation and once a year thereafter would likely produce trustworthy data for the 
Northeast, particularly if overseen by NMFS personnel. The cost of the personnel in 
everything listed above is not determined, however, and would add to the already-
prohibitive cost of the scales themselves.  
 
Truck Scales 
Similar to the flow and hopper scales, the cost of truck scales makes their applicability in 
management measures difficult. Both permanent and portable truck scales require a large 
portion of land, which not all ports have, as well as the ability to mold the land to fit the 
scale’s requirements. The modifications to the land and surrounding structures would not 
only be costly, but require owners rights, which some ports used by the herring industry 
likely will not have. Moreover, the certification and operation of the scales would need to 
be done by licensed professionals, which would add an operating cost. NMFS 
certification of the data produced may also be prohibitive; there is no current arrangement 
with NMFS regarding trucks and transportation of fish off the water and similar to the 
flow and hopper scales, there would need to be compensation for the time and efforts of 
the employees involved in certifications or handling of data. 
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The use of existing truck scales may be of value for verifying the weight of fish. The cost 
of using such scales is low, and the locations are close enough to each port that it may be 
feasible to require trucks to stop on the way in and out. The time spent getting to the 
locations, both on the way in and way out, needs to be considered. On the way in the 
truck drivers will need to spend extra time getting to the facility and having the truck 
weighed. On the way out, the quality of the fish in the truck needs to be considered as 
well. While the time spent at the facility being weighed may be minimal, the time getting 
the truck onto the weighing pad properly plus the potential for long lines or other 
unforeseeable problems could increase the transportation time of the fish. In the summer 
and the warmer months, this extra time could cause the quality if the fish to be 
compromised. Alternatively, ice could be used to extend fish quality, but that could add 
extra time and costs for potential buyers or sellers.   
 
Additionally, in order to be considered valid for commerce, a certified individual would 
need to do the weighing of the trucks at the facilities. Many of the facilities listed above 
do not have certified individuals weighing the trucks. Again, NMFS may have additional 
concerns with these certifications and with the use of some of the facilities as well. 
Verifying the quality of data may also be an issue, and again, there would need to be 
compensation for the time and efforts of the employees involved.  
 
Certified Volumetric Measurements 
Although the State of Maine is already conducting the procedure, the method used 
appears to be prohibitive or unaccepted for other state Departments of Weights and 
Measures. The cost per vessel may not be large, however the number of hours involved 
would be great for the Department of Weights and Measures, and further involvement 
from NMFS may be warranted for certification. One option would be to require the 
certification of all holds but without requirement of method; this would allow individuals 
to choose to travel to the State of Maine or use a Marine Surveyor. The cost of Marine 
Surveyors is high, however, and the question of certification of the measurements would 
also have to be raised. As was stated previously, the Surveyor hired would need to be 
approved or certified, likely by NMFS or another accredited organization. This option 
would cause those who live further from Maine to pay more than those who live close. 
 
The method of 5 hogsheads divisions would be ideal to continue as those in the State of 
Maine who already have their vessels sealed and measured would not have to do so 
again. The measurement of 5 hogsheads is volumetric; the Committee would need to 
decide on a standard conversion from volume to weight for the information to be given in 
pounds, as was discussed in Section 6.2. Standardizing the location of the measurements, 
the certification process, and the notification of broken seals would most likely prove 
useful if the measurements are considered.  
 
Overall, the relevancy of any of these measurements needs to be questioned. Application 
of the same rigorous standards as Europe has would likely produce more accurate 
information, however all boats in the fishery would need to be checked by a third party 
for every landing, such as a portside observer, which would increase cost. Although the 
volumetric measurement could aid captains estimates, the applicability of the information 
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need to be determined. If the goal is to verify captains and dealer data from VTRs then 
who will stick the tank and when? What information would the committee hope to gain 
from such a measure, and at what cost? This measure would most likely be useful if 
portside samplers are utilized as a concurring measure in Amendment 5.  
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Advantages Disadvantages
Designed for at-sea weigh-monitoring of fish Cost: Between $50,000 - $80,000 a scale, plus maintenance fees

Need for constant (almost daily) maintenance 
Potentially slower than existing pumping rate of fish
Better suited to processing environments

Can be built to fit any situation and size Cost: Between $35,000 and $60,000 a scale, depending on location

Sturdy, simple, less maintenance than flow scales Functions better on land
Likely can keep up with pumping rate of fish

Overall difficulty for all truck scale: NMFS Certification
Can custom build (come in 20 ft increments) Cost: Around $100,000 with install, depending on installation site
Very accurate weighing Permanent installation which requires land modification

Potential for backup at scales on hot days (herring spoilage)
Potentially would require Licensed Weigh Master
Requires power source and possible small building

Slightly Portable (requires flatbed) Cost: Around 25,000-35,000 a scale, without installation 
Have to modify land to install 
Potential for backup at scales on hot days (herring spoilage)
Potentially would require Licensed Weigh Master
Requires power source and possible small building
Can't stay in existing location for more than 6 months

Cost: Between $5 and $10 for a weighing Need to find 24 hour scales 
Need to have a Licensed Weigh Master
More driving for some ports than others (herring spoilage in heat)
4 communities of interest are not near existing scales

Cost: Between $2,200 and 13,000 Not legal for tender (law enforcement only)
Very portable Frowned upon by Weigh Masters

Some require power source
Cost: Around $350 per vessel Need to travel to Maine or use more expensive Marine Surveyor
"Sticking" of vessel is a simple estimation method  Need to agree upon volume -> weight conversion 

Cost/Benefit tradeoff: still an estimation

Stationary

Portable

Existing

Axle and 
Wheel Pads

Flow Scales

Hopper Scales

Truck Scales

Volumetrics
 

Table 5. This table presents a summary of the advantages and disadvantages discussed in this document. 
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9.0 APPENDIX A  
(Unpublished, SEFSC in-house document) 
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10.0 APPENDIX B 
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DRAFT 1 

 

1.0 INTRODUCTION 
In the past, members of the Herring PDT have estimated total removals of river herring in the 
Atlantic herring fishery by a combination of portside and at-sea observations.  This analysis 
hinges, however, on the comparability between these two very different methods of documenting 
bycatch. 
 
Estimates and frequency of occurrence of bycatch in the sea herring fishery is monitored by two 
independent programs:  Maine DMR and Massachusetts Marine fisheries joint Portside sampling 
program and NOAA’ National Observer Program.  There are three estimates that are worth 
comparing: 

1) Proportion of trips with occurrences of species 
2) The amount of agreement on occurrences of species within trips 
3) The amount of agreement on catch weight estimates between the two methodology 

 
This analysis compares the total estimated catch weight for bycatch species for trips that were 
sampled by both a portside sampling program and the Northeast Fisheries Observer Program 
(NEFOP). 
 

2.0 SAMPLING METHODS 

2.1 AT-SEA OBSERVATIONS 
During at-sea operations, NEFOP observers use basket sampling to document occurrence of 
other species during targeted Atlantic herring and mackerel trips on a haul by haul basis and 
during normal fishing operations.  These non-target species are then included in the data as 
retained or “Kept” 
(http://www.nefsc.noaa.gov/fsb/Manuals/JANUARY%202010%20MANUALS/NEFOPM_0101
10_BOOKMARKS_LONG1.pdf).   Normally, ten 50 lbs basket sub-samples are taken at regular 
intervals during the pumping process from net to hold.  These samples are then checked for 
bycatch, weighed and measures, and the results expanded based on the captains’ estimate of that 
hauls total weight. Because the Atlantic herring fishery is a high volume fishery, much of the 
bycatch is retained during the pumping process; particularly so for co-occurring pelagic species 
such as river herring. However, observers do hand select larger bycatch species.  In these cases, 
these species are listed as “discarded” in the database if they are not retained by the crew  
 

2.2 PORTSIDE OBSERVATIONS BY MA DMF 
Sampling methodology in the MA DMF portside sampling program attempts to be consistent 
with NOAA Observer Program protocols, with some modifications to decrease variance in 
extrapolation of bycatch estimates and reduce potential sampling bias.  Due to the large 
quantities of fish that are typically landed in these fisheries, sub-sampling will be required.  Sub-
sampling is used when the volume of fish that the sampler is attempting to quantify is too large 
to obtain actual weights or if the amount of by-catch is too abundant.  During sub-sampling, the 
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sampler will collect smaller batches of fish, sort and weigh by species and then extrapolate to the 
total catch.  All sub-sample weights will be actually weighed (actual weight), and hail weights 
(for both truckloads and fishing vessels) will be acquired from the plant managers or vessel’s 
captain and therefore estimated (estimate weight). 
 
In most situations, sampling is conducted over the entire offloading period to capture any 
stratification that may occur throughout the entire fishing activity (e.g. while being pumped 
aboard while out at sea, due to the difference in species size and composition between tows, 
settling in the vessel’s holding tanks, etc.).  Because the catch is not unloaded the same way at 
every dealer and plant, sampling techniques will vary.  Typically samples will be collected 
systematically at set intervals with predetermined sample sizes.  All samples are sorted by 
species and actual weights will be taken.  Lengths will be taken according to the NOAA 
Observer Program species priority list by statistical area.  Haddock, alewife, blueback herring, 
and American shad have been specified as specific species of concern by MA DMF and 
therefore if available, the number of lengths taken will be 200 per trip.  Two length frequency 
samples will be randomly selected, one during the first half and the second during the second 
half of the offloading period. 
 
Below is MA DMF’s description of the sampling protocol at a processing plant.  The majority of 
sampling occurs at these types of off loading facilities for this project. 
 
Processing Plant 
Sampler should position himself at the discard vat where all bycatch and damaged fish are 
deposited.  The sampler must position themselves in a location that is safe and will not disrupt 
plant operations.  The name of the vessel should be recorded and hail weight, date landed, and 
general location fished (statistical area, known piece of bottom, etc.) should be collected from 
the plant manager or vessel captain.  Hail weight should be confirmed after unloading process is 
complete and all fish have been processed.  A processing rate (kg of catch processed/minute) 
should be calculated by dividing hail weight by the time it took to offload the vessel.  When 
calculating time to off load catch, note time spent not pumping/processing, such as coffee or 
lunch breaks and processing hold-ups.  To eliminate bias caused by periodicity, prior to the 
beginning of the offloading process, the sampler will use a random number table and pick a 
random start time between 1 and 30 minutes.  Once the start time has been determined, a basket 
will be positioned in the discard vat and a sample will be collected.  Once the basket has been 
filled, it will be weighed, sorted by species, and then weighed by species. Lengths will be 
collected according to NOAA Observer Program sampling protocols.  This process will be 
repeated for thirty minutes until the sub-sampling period has been completed.  If fish being sent 
to the bycatch vat is too abundant and sampler cannot weigh all fish being sent to the discard vat, 
then sub-sampling may be required to get an estimate of total bycatch per 30-minute sampling 
period.  This sampling process will be repeated every other 30-minute interval during the entire 
pump offloading process.  After the offload process, the sampler should consult with the plant’s 
quality control personnel to obtain an accurate, by the box, quantification of species being 
processed.  Lastly, to verify pump rates and landings estimates, the sampler should obtain a 
report of landings and processed fish from the plant manager after the off loading is complete. 
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2.3 PORTSIDE OBSERVATIONS BY ME DMR 
For the ME DMR portside sampling program, the samplers collect and quantify all bycatch from 
individual lots of fish (transported by trucks or vessels) that enter the processing facilities.  
Samplers position themselves at the point of entry into the facility along an assembly line or at 
the base of the hoppers where the fish are unloaded.  Sampling is conducted before grading or 
sorting of the catch occurs.  All bycatch is removed from the assembly line or hopper and placed 
in bushel baskets or buckets specific to each species. The total weight of any observed bycatch is 
recorded along with species identification, total species weight, individual lengths and weights of 
all fish according to a NMFS and ACCSP specified protocol.  If there is a large amount of one 
species, the total weight is recorded and then length frequencies and weight are gathered from a 
sub sample of n=50.  The information collected for each bycatch study is recorded on the data 
sheets (see “Data Sheets” section of packet) and entered into the DMR biological database.   
 
A sub-sampling protocol is sometimes utilized when sampling a large volume of catch.  
Instances where this is likely to occur include sampling sites where vessels land an entire catch 
(as much as one million pounds) to a single facility.  Sub-sampling is also appropriate in 
instances when there is an overwhelming amount of bycatch and/or non targeted species mixed 
in with the lot of fish.  In these cases it can be impossible to use the complete sampling protocol 
regardless of the amount inspected (< 80,000 lbs.).  These situations are likely to occur when 
vessels are fishing mixed groups of herring and mackerel, some of which have a 50-50 
composition.   
 
Sub-samples are to be collected using bushel baskets at timed intervals during the pumping or 
unloading process following the NMFS at-sea observer sampling protocol.  To accomplish this 
type of sub-sampling, one needs to know the total lot weight and the duration of time it will take 
to unload the catch.  After sampling, the bushel basket of fish should be sorted by species, and 
total weight of each species and length frequencies should be recorded (sub sample n=50, for 
length frequencies if more than fifty of any species occurs). 
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Example: 
 
Lot size = 120,000 lbs (3 Trucks) 
Pumping or unloading time = 3 hours (180 minutes) 
 
If a sample basket is to be collected for every 10,000 lbs of fish, then 12 sample baskets need to 
be collected over the entire pumping or unloading process. 
 
120,000 lbs/10,000 lbs = 12 
 
If the entire pumping or unloading process takes an estimated 180 minutes, then a basket 
sample needs to be taken every 15 mins. 
 
If the catch composition from the bushel baskets is 99% Atlantic Herring, then one can 
extrapolate that out of the 120,000 lbs unloaded, then 118,800lbs is Atlantic Herring. 
 
99% Atlantic Herring = 120,000 lbs x 0.99 = 118,800lbs of Atlantic Herring 
 
If the remaining 1% of the catch composition is Atlantic Mackerel, then one can extrapolate that 
out of the 120,000 lbs unloaded, 1,200lbs is Atlantic Mackerel 
 
1% Atlantic Mackerel = 120,000lbs x 0.01 = 1,200lbs of Atlantic Mackerel 
 
 

3.0 STATISTICAL ANALYSIS 
For this analysis, data were gathered from the various projects by either request or direct 
querying of the data.  In some cases, vessel trip report number was not available, and so trips 
between portside and at sea programs we matched by hand. 
 
Several species were pooled into a species grouping because of potential for mis-identification or 
to make the analysis easier to understand.  River herring group consisted of alewives, bluebacks 
and herring unknown were grouped as river herring.  American shad and hickory shad were 
grouped as shad.   Long-fin squid, short-fin squid and squid unknown were grouped as squid. 
 
The analysis compares the number of occurrences of bycatch species by sampling method using 
a paired t-test.  The binomial exact test was also used to check whether the probability of number 
of occurrence of bycatch in port sampling exceeding the number of occurrence in the observer 
sampling differed from 0.5.  
 
The analysis compares the proportion of trips containing a particular species groups using Wald 
test with correction for continuity.  Fisher’s exact test was used to convert the differences into 
odds ratios.  The test was conducted on the seven species groups with the highest percent 
occurrence: river herring, squid, silver hake, spiny dogfish, butterfish haddock, and shad.  The 
family-wise error rate for multiple comparisons was not corrected. 
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The percent agreement for presence/ absence of species group was measured for both sampling 
methods using two indices of similarity.  The first index was a simple matching index 
constructed by dividing the total the number of trips with joint presence and joint absence for 
both sampling methods by the total trips.  In this index, joint absence (double zeros) contributes 
to similarity.  However, the absence of a species group from both sampling methodology could 
be due to the trip occurring in an area or time where the species are not present, and inflating the 
index.  To address joint absences, the Jaccard coefficient was used:  the number of trips with 
joint presence divided by the number of trips with joint presence and the two unique 
combinations of present in one method and absent in the other.  The joint absences do not 
contribute to similarity in the Jaccard index.  This method was applied to seven species groups: 
river herring, squid, silver hake, spiny dogfish, butterfish, haddock and shad. 
 
The relationship between the observer and portside estimates of landed weight of bycatch species 
was assessed using Pearson’s product moment correlation coefficient.   Agreement was tested 
between port and observer trip landings estimates using a paired t-test.  T-tests were performed 
for all trips, trips without joint absences, and log transformed for trips without joint absences.   
Assumption that differences were distributed normally was assessed using quantile-quantile 
normal plots and Shapiro test for normality. 
 
The following summarizes the PDT’s questions and methodology for statistical evaluation of the 
portside/at-sea data: 

1. Is the frequency of detection of bycatch species similar for portside and observer 
program? 

a. Paired T-test for number of occurrences for portside and observer 
b. Exact binomial test for the probability of occurrence portside versus observer 

2. Does the estimate of percent occurrence differ between sampling methods for each 
bycatch species? 

a. Test difference in proportions among methods using Wald’s statistic with correction 
for continuity 

b. Get odds ratio using Fisher’s exact test 
3. Describe similarity of occurrence of species by tows 

a. Matching index (% agreement) 
b. Jaccard index ( % agreement excluding joint absence) 

4. Does the estimation of bycatch weight differ by method? 
a. Correlation between paired estimates by method 
b. Paired T-tests for differences in trip estimates by sampling methodology 
c. Provide estimates of total weight of landed bycatch with 95% confidence interval for 

each method 
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4.0 PRELIMINARY RESULTS (WORK IN PROGRESS) 
A total of 52 trips were sampled with both portside and at sea observer sampling between 2005 
and 2009 (Table 1).  The number of trips containing bycatch species groups by sampling 
methodology is shown in Table 2, and the number of trips as a proportion of total trips is shown 
in Table 5. 
 
The number of occurrences of bycatch species by methodology (at-sea versus portside) was 
significantly different (Table 3).  Port sampling averaged 1.9 more occurrences than the observer 
program.  The exact binomial test indicated that the probability of a species occurring portside 
versus at sea was significantly greater than 0.5, suggesting non-random effects (Table 4). 
 
For the seven most frequently caught bycatch species, the Herring PDT compared the proportion 
of trips with observed bycatch by methodology using Wald test statistic without adjustment for 
multiple comparisons (Table 6).  Overall, the proportions of trips with a particular species were 
significantly different for squid and for spiny dogfish only, with the portside sampling method 
having higher proportions than the observer. 
 
Similarity index for presence/ absence of species is presented in Table 7.  Similarity indices were 
relatively high for the simple matching coefficient (mean: 0.72, range: 0.54 to 0.87), but tended 
to be low for the Jaccard coefficient (mean: 0.30, range: 0.17 to 0.54).  The joint absences 
influence the similarity indices, and the true similarity is bounded by these two values.  Further 
work needs to be done to separate joint absences that reflect no occurrences in strata where the 
species occur from joint absences in strata where the species in not likely to occur.  
 
Scatterplots of paired portside and observer estimates for eight species are shown in Figure 1.  
The paired comparisons indicate little relationship between weight estimates from the Portside 
and Observer projects.  Correlation coefficients for these eight species are exhibited in Table 8.  
The correlations coefficients for 7 of the 8 species were low and not significantly different from 
zero.  Correlation coefficient was moderately high (0.80, 0.79) and significantly different from 
zero for spiny dogfish.  The correlation coefficient was highly influenced by one trip where both 
methods had high estimates of catch.  The correlation coefficient estimated without this pair was 
low and not significantly different from zero. 
 
Bland-Altman plots of the paired landings estimate between methods are shown in Figure 2.  
Variation is high, and differences are larger as might be expected given the low correlation 
between observer and paired estimates.  The distribution of paired differences was significantly 
different from normal and was strongly leptokurtic with more observations in the middle and 
tails for the full dataset and for the dataset without joint absences.  Only shad with removal of 
trips with joint absence were not significantly different from normal. A Bland-Altman plot of the 
log-transformed dataset is shown in Figure 3.  This dataset does not include the joint absences.   
Distribution of paired differences for log transformed data were not significantly different from 
normal except for spiny dogfish (p<0.01). Paired T-test results are provided in Table 9 and Table 
10.  No differences were significant for untransformed data, which is not surprising given the 
large variances.  Paired differences were not significant for the log transformed data except for 
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spiny dogfish (0.02) and haddock (p=0.04).  For non-significant tests, the confidence intervals 
were wide, indicating low power to detect differences. Spiny dogfish trip estimates from the 
observer sampling averaged 12% of the portside sampling estimates.  Haddock trip estimates 
from the observer sampling averaged 5% of the portside sampling estimates. 
 
Total estimates with 95% confidence intervals of landed catch by species and sampling method 
are shown in Table 11 and Table 12.  Table 11 uses parametric statistic to derive 95% confidence 
interval and Table 12 uses bootstrap percentiles to estimate 95% confidence limits.  These 
estimates were expanded using the trip estimates.  They are only useful for comparing the 
estimates across sampling methods.  As expected, confidence limits are wide.  Note that 
estimates from the fishery would include stratification by month, area and gear types will 
improve precision. 
 

5.0 PRELIMINARY CONCLUSIONS (WORK IN PROGRESS) 
Portside and at sea sampling are two very different approaches to document bycatch in the 
directed Atlantic herring fish.  During at-sea sampling observers have the ability to document 
discarded fish at sea and sample them.  During portside operations, samplers cannot do so.  
However portside samplers have a much more stable platform, better working conditions and 
more time for a thorough examination. 
 
The Herring PDT examined 52 trips which were sampled by both at sea and portside methods to 
test if both projects are similar in the amount and species composition detected.  The PDT found 
large differences in retained bycatch between the two programs.  More specifically, the portside 
sampling documented more occurrences of species, and a greater proportion of trips containing 
key bycatch species.  However, at sea observation, when extrapolated to the entire retained 
weight, shows much higher weights of the more prevalent species.  The lack of significant 
differences in many of the statically approaches taken here are a direct result of low sampling 
sizes.  More co-occurring trips are needed by strata (gear type, sample mythology, area, quarter, 
and year) to detect significant differences; especially for species which occur infrequently in 
sampling.  The analysis was further hampered by the number of co-occurring trips with either 
had no retained bycatch at all, or no bycatch of a particular species being tested. 
 
It should be noted that the PDT is not suggesting one project or method is more useful or more 
accurate than the other.  The PDT is, however, suggesting that pooling these two different 
methods of documenting bycatch may not be possible without further analysis and sampling.  
The PDT recommends a more thorough examination of both portside and at-sea observations to 
see if elucidation of these differences (and possible mathematical correction) is possible.  By 
focusing on increasing the number of co-occurring trips statistical analysis may lead to increased 
comparability by analysis of the methods employed by both projects. 
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Summary of Herring PDT Conclusions to Date (Work in Progress) 
1. Portside sampling method had more occurrences of bycatch than observer method.  

Proportion of occurrences in portside sampling is greater than at-sea observer sampling; and 
was significantly different from 0.5 

2. The proportion of trips containing a bycatch species was not significantly different between 
Portside and Observer methods except for squid and spiny dogfish.  Both of those species 
were significantly different 

3. Relatively low levels of agreement of occurrences particularly with the Jaccard index. 
4. No correlations between paired portside and observer trip estimates of weight 
5. Paired T-test on log transformed estimates found no significant differences except for spiny 

dogfish and haddock.  However, high variation in paired estimates lead to a loss of statistical 
power; and therefore the results cannot be taken as valid 

 
Summary of Herring PDT Advice:  Need to Examine Data to Find Sources of Variation 
(Work in Progress) 
A. High variability in trip estimates in both the portside and observer sampling 
B. Different methods for expanding within trip samples to trip estimates 
C. Sampling design issues 
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Year Quarter Purse seine 
Midwater 
trawl 

Paired 
Midwater trawl 

2005 

1 0 0 3 
2 0 0 1 
3 1 0 2 
4 0 1 2 

 

2006 

1 0 0 0 
2 0 0 0 
3 0 1 1 
4 0 0 0 

 

2007 

1 0 0 1 
2 0 0 0 
3 0 0 0 
4 0 0 0 

 

2008 

1 0 1 2 
2 2 0 2 
3 3 0 1 
4 0 0 7 

 

2009 

1 0 0 4 
2 5 0 4 
3 3 0 4 
4 0 0 1 

 
Total 
trips  14 3 35 

 
Table 1  Count of trips sampled by both Portside and At Sea Observer Programs by gear 

type, year and quarter 
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Species Group Purse seine Midwater trawl Paired Midwater trawl 
 Observer Portside Observer Portside Observer Portside 
River herring 2 3 2 1 15 20 
Squid 2 6 1 2 10 19 
Silver hake 3 6 0 2 12 15 
Spiny dogfish 4 8 0 2 4 14 
Butterfish 0 0 1 0 5 9 
Haddock 0 0 0 1 4 10 
Shad 0 0 0 1 5 8 
Red hake 0 0 0 1 0 6 
American plaice 0 1 0 1 0 3 
Longhorn sculpin 1 0 0 0 0 2 
Redfish 0 0 0 0 1 2 
Cod 0 0 0 1 0 1 
Fish unk 1 0 0 0 1 0 
Lumpfish 1 0 0 0 0 1 
Shrimp 0 1 0 0 0 1 
Cunner 0 0 0 0 1 0 
Cusk 0 0 0 1 0 0 
Little skate 0 0 0 0 0 1 
Menhaden 0 0 0 0 0 1 
Pollock 0 0 0 0 0 1 
Scup 0 0 0 0 0 1 
Sea raven 0 0 0 0 0 1 
Winter flounder 0 0 0 0 0 1 
       
Number of  trips 14 14 3 3 35 35 

 
Table 2  Count of trips containing bycatch by species group, gear type and sampling 

program 
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Mean difference 
95% confidence interval for 

mean difference P-value Degrees of Freedom 
-1.9 -2.6   to  -1.11   <0.001 41 

 
Table 3  Summary of paired t-Test for number of occurrences of bycatch species by 

sampling methodology for in trips 
Does not include trips with joint absence 
 
 
 
 
 
 
 

Number of occurrences 
Port occurrences > 

observers Proportion 

 
95% confidence 

interval 

Probability that 
Proportion  is not different 
from 0.5 

35 0.83 0.69-0.93 <0.001 
 
Table 4  Summary for exact binomial test of number of occurrences of Port> Observer in 

number of occurrence of a bycatch species 
Tests whether the true probability of Port occurrences > observer occurrences is not different 
from 0.5. 
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Species Group Purse seine Midwater trawl Paired Midwater trawl 
 Observer Portside Observer Portside Observer Portside 
River herring 0.14 0.21 0.67 0.33 0.43 0.57 
Squid 0.14 0.43 0.33 0.67 0.29 0.54 
Silver hake 0.21 0.43 0.00 0.67 0.34 0.43 
Spiny dogfish 0.29 0.57 0.00 0.67 0.11 0.40 
Butterfish 0.00 0.00 0.33 0.00 0.14 0.26 
Haddock 0.00 0.00 0.00 0.33 0.11 0.29 
Shad 0.00 0.00 0.00 0.33 0.14 0.23 
Red hake 0.00 0.00 0.00 0.33 0.00 0.17 
American plaice 0.00 0.07 0.00 0.33 0.00 0.09 
Longhorn sculpin 0.07 0.00 0.00 0.00 0.00 0.06 
Redfish 0.00 0.00 0.00 0.00 0.03 0.06 
Cod 0.00 0.00 0.00 0.33 0.00 0.03 
Fish unk 0.07 0.00 0.00 0.00 0.03 0.00 
Lumpfish 0.07 0.00 0.00 0.00 0.00 0.03 
Shrimp 0.00 0.07 0.00 0.00 0.00 0.03 
Cunner 0.00 0.00 0.00 0.00 0.03 0.00 
Cusk 0.00 0.00 0.00 0.33 0.00 0.00 
Little skate 0.00 0.00 0.00 0.00 0.00 0.03 
Menhaden 0.00 0.00 0.00 0.00 0.00 0.03 
Pollock 0.00 0.00 0.00 0.00 0.00 0.03 
Scup 0.00 0.00 0.00 0.00 0.00 0.03 
Sea raven 0.00 0.00 0.00 0.00 0.00 0.03 
Winter flounder 0.00 0.00 0.00 0.00 0.00 0.03 
       
Number of  trips 14 14 3 3 35 35 

 
Table 5  Counts of trips with occurrence of bycatch as proportion of total trips by species 

group, gear type and sampling method 
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Species 
group 

Port 
sampling 
Proportion 
 

Observer 
Proportion 

95%  
confidence 
interval on 
difference 

Odds 
ratio 

95% 
confidence 
interval on 
odds ratio 

Probability 
of odds 
ratio 

River herring 0.46 0.37 -0.11 - 0.30 1.48 0.63 - 3.52 0.42 
Butterfish 0.17 0.12 -0.10 - 0.21 0.58 0.46 - 5.94 0.58 
Squid 0.52 0.25 0.07 - 0.47 3.20 1.31 - 8.14       <0.01 
Silver hake 0.44 0.29 -0.05 - 0.36 1.94 0.81 - 4.79 0.15 
Spiny dogfish 0.46 0.15 0.12 - 0.49 5.08 1.72 - 13.71       <0.01 
Haddock 0.21 0.08 -0.02 - 0.29 3.18 0.86 - 14.7 0.09 
Shad 0.17 0.10 -0.72 - 0.23 1.95 0.54 - 8.03 0.39 

 
Table 6  Comparing the differences in proportion of trips with species in observer and 

portside trips for all gear types 
Test is two sided.  
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 Observer sampling   

Species group                    + - 
Matching 
coefficient 

Jaccard 
coefficient  

River 
herring 

Port + 15 9 0.75 0.54 
- 4 24  

  

Butterfish 

Port + 4 5 0.87 0.36 
- 2 41  

  

Squid 

Port + 8 19 0.54 0.25 
- 5 20  

  

Silver hake 

Port + 9 14 0.62 0.31 
- 6 23  

  

Spiny 
dogfish 

Port + 6 18 0.62 0.23 
- 2 26  

  

Haddock 

Port + 3 8 0.83 0.25 
- 1 40  

  

Shad 

Port + 2 7 0.81 0.17 
- 3 40  

 
Table 7  Count of trips with species groups present (+) or absent (-) by sampling method 

and two measures of percent agreement between methods 
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Species group All trips 

Excludes 
trips with 
double-
zeros.  

River herring -0.04 -0.13 
Squid 0.06 -0.01 
Silver hake 0.22 0.17 
haddock -0.02 -0.23 
Spiny dogfish1 0.80 0.79 
Spiny dogfish2 0.06 -0.08 
Butterfish 0.25 0.12 
Shad -0.04 -0.30 

 
Table 8  Pearson’s product moment correlation coefficients for observer and portside 

estimates of landed weight 
1.Correlation coefficients are  significantly different from 0 at P=0.05, but  correlation 

coefficients are highly influenced by one trip. 
2 Removing influential points lowers correlation coefficients to not significantly different from 

zero.  

 
 

Species group 

Mean 
difference 

 

95% Confidence 
interval for mean 

difference P-value 

Degrees 
of 

freedom  
 All trips 
River herring 1242.9          -131.4   - 2,617.2 0.08 51 
Squid -4.3      -98.1   -     89.6        0.93 51 
Silver hake 57.7     -176.1   -   291.6 0.62 51 
Spiny dogfish 57.8       -94.7   -   210.4 0.45 51 
Butterfish -158.1     -480.2   -   164.0   0.33 51 
Haddock -22.2    -206.9   -   162.6 0.81 51 
Shad 21.1      -39.9   -     82.2    0.49 51 
      
 Without trips with joint absence (double zeros) 
River herring 2308.3 -248.5  - 4,865.1 0.07 27 
Squid -7.0 -162.9  -    148.9 0.93 31 
Silver hake 103.5 -326.8 -    533.9 0.63 28 
Spiny dogfish 118.0 -203.2  -   439.2 0.46 24 
Butterfish -747.3 -2,439.2  -   944.5 0.35 10 
Haddock -96.1 -1,002.2  -   809.9 0.82 11 
Shad 91.6 -203.7  -   386.9 0.51 11 

 
Table 9  Summary of paired T-test for estimates of  trip catch by sampling method 

(observer-port) 
Upper table uses all 52 trips.  Bottom table does not include trips with joint absence. 
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Species group 

Mean 
difference 

 

95% Confidence 
interval for mean 

difference P-value 

Degrees 
of 

freedom  
 All trips 
River herring 2.68 0.46  - 15.58 0.26 27 
Squid 0.78 0.23  -   2.64 0.69 31 
Silver hake 0.62 0.17  -   2.26 0.45 28 
Spiny dogfish 0.12 0.02  -   0.68 0.02 24 
Butterfish 1.21 0.15  -   9.80 0.84 10 
Haddock 0.05 0.00  -   0.91 0.04 11 
Shad 0.79 0.04  - 15.70 0.86 11 

 
Table 10  Back-transformed summary of paired T-test for estimates of log trip catch by 

sampling method (observer-port) 
Analysis does not include trips with joint absence by both sampling methods.    Back transformed 
values are ratio of observer estimate to port sampling estimate. 
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Figure 1  Scatterplot of Observer weight against Portside weight 
Note that x and y scales differ among panels. 
Plot includes estimates where both port and observer estimates are zero. 
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Figure 2  Bland-Altman plot of paired estimates of landings 
Redline is average difference.  Blue line indicates 0.   Dataset  includes all trips including joint 
absence. 
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Figure 3  Bland-Altman plot of paired estimates of log landings 
Redline is average difference.  Blue line indicates 0.   Dataset  does not include trips with joint 
absence.   
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Species grouping 

Total 
portside 
estimate (lb) 95% confidence interval 

Total 
observer 
estimate 
lb 

95% confidence 
interval 

Fish unk 0 0 0 100,000 -64,784 264,784 
River herring 14,695 -1,030 30,420 79,327 10,313 148,341 
Spiny dogfish 13,076 -3,821 29,973 12,852 379 25,325 
Silver hake 7,372 5 14,739 10,375 -1,057 21,806 
Haddock 5,743 364 11,122 4,590 -3,264 12,443 
Butterfish 8,888 -8,023 25,798 667 -39 1,373 
Squid 3,769 -687 8,225 3,546 1,295 5,797 
Cunner 0   4,864 -4,901 14,629 
Shad 1,288 -193 2,769 2,387 -359 5,133 
Scup 1,667 -1,679 5,012 0   
Redfish 43 -38 124 210 -212 632 
Red hake 238 -36 512 0   
Pollock 160 -161 482 0   
Longhorn sculpin 6 -5 17 54 -54 162 
American plaice 35 -5 76 0   
Cod 17 -7 41 0   
Lumpfish 9 -9 27 6 -6 18 
Winter flounder 12 -12 36 0   
Shrimp 4 -4 12 0   
Menhaden 3 -4 11 0   
Sea Raven 3 -3 10 0   
Cusk 3 -3 8 0   
Little skate 2 -2 5 0   

 
Table 11  Estimates of total landings in weight with 95% confidence intervals derived from 

Observer and Portside sampling for 52 trips 
Total Estimate based on expansion of mean landings per individual trip. 
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Species 
grouping 

Total 
portside 
estimate 

(lb) 
95% confidence 
interval 

Total 
observer 
estimate 

lb 
95% confidence 

interval 
Fish unk 0   100,000 0 280,020 
River herring 14,695 3,250 32,614 79,331 23,348 154,440 
Spiny dogfish 13,076 2,777 36,156 12,849 2,621 26,140 
Silver hake 7,372 1,560 15,220 10,375 2,444 23,322 
Haddock 5,743 1,243 11,627 4,590 12 13,055 
Butterfish 10,375 16 26,083 667 132 1,452 
Squid 3,770 760 9,282 3,546 1,550 5,793 
Cunner 0 0 0 4,864 0 14,592 
Shad 1,288 142 3,124 2387 176 5,514 
Scup 1,667 0 5,000 0   
Redfish 43 0 129 0   
Red hake 238 38 541 0   
Pollock 160 0 481 0   
Longhorn 
sculpin 6 0 21 54 0 162 
American 
plaice 35 3 83 0   
Cod 17 0 46 0   
Lumpfish 9 0 27 6 0 24 
Winter 
flounder 12 0 36 0   
Shrimp 4 0 12 0   
Menhaden 3 0 10 0   
Sea Raven 3 0 10 0   
Cusk 3 0 8 0   
Little skate 2 0 5 0   

 
Table 12  Estimates of total landings in weight with 95% confidence intervals based on 

bootstrap percentiles derived from Observer and Portside sampling for 52 trips 
Total Estimate based on expansion of mean landings per individual trip. 
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Set type species r 
95% confidence  

interval P-value 

Bootstrap 
problem 
indicator 

95% confidence 
interval based on 

bootstrap 
All pairs River herring -0.04 -0.31 0.23 0.75  -0.11 0.19 
Non-zero pairs River herring -0.13 -0.48 0.26 0.52  -0.37 0.98 
         
All pairs Squid 0.06 -0.22 0.32 0.70 B -0.48 0.264 
Non-zero pairs Squid -0.01 -0.36 0.34 0.95  -0.17 0.6196 
         
All pairs Silver hake 0.22 -0.06 0.47 0.12 B 0.04 0.91 
Non-zero pairs Silver hake 0.17 -0.21 0.51 0.37 B -0.03 0.91 
         
All pairs Spiny dogfish1 0.80 0.68 0.88 <0.001 B -0.10 0.98 
Non-zero pairs spiny dogfish1 0.79 -0.45 0.32 0.70 B -0.27 0.98 
         
All pairs Butterfish-all 0.25 -0.03 0.49 0.08 B -0.04 0.99 
Non-zero pairs Butterfish-pos 0.12 -0.51 0.67 0.72 B -0.37 0.98 
         
All pairs Haddock -0.02 -0.29 0.25 0.89 B,S -0.08 0.64 
Non-zero pairs Haddock  -0.23 -0.71 0.40 0.47 B,S -0.48 0.26 

 
Table 13  Pearson’s product moment Correlation coefficients, 95% confidence interval and 

95% confidence interval from bootstrap for paired catches 
1.Correlation coefficients are  significantly different from 0 at P=0.05, but  correlation 
coefficients are highly influenced by one trip. 
2 Removing influential points lowers correlation coefficients to not significantly different from 
zero.   Bootstrap indicator: B= high bias, A= some bootstrap samples had zero standard 
deviations. 
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Introduction 
 
There are three primary gear types used to target Atlantic herring in the United States: 
bottom trawls, midwater trawls and purse seines (Table 1).  Estimates of bycatch in this 
fishery are primarily derived from data collected at-sea under the Northeast Fisheries 
Observer Program (NEFOP).  On bottom trawl vessels, bycatch species are typically 
sorted from the catch on deck and are discarded at sea.  NEFOP samplers often achieve a 
census of the bycatch before it is thrown overboard and as a result there is essentially no 
variance surrounding the estimate of bycatch on a trip.  The other two gear types are 
considered “high-volume” fisheries and bycatch species usually remain mixed with the 
catch as it is pumped from the net to the hold, as it is impractical to sort through such 
large catches at sea.  As such, sea samplers estimate bycatch by taking a systematic 
sample of the catch as it is pumped onboard.  While this method of sampling provides a 
less precise estimate of bycatch than a census of discards, the fact that bycatch species are 
retained presents an opportunity to also sample the catch when it is offloaded at port.  
 
Table 1.  Average trip information for vessels participating* in the Atlantic herring 
fishery in 2010, as reported to the National Marine Fisheries Services (NMFS) on Vessel 
Trip Reports (VTRs). 
 

Gear Type 
Total number  

of trips 
Median catch per trip  

(Kg all species) 
Median  

tows per trip 
Median  

trip length (days) 
Purse seine 163 31,752 2 1 

Midwater trawl 350 145,423 2 3 

Bottom trawl 207 2,472 3 1 

* vessels with A,B,C or D  herring permits not declared out of the fishery via VMS. 
 
 
In an effort to increase the number of trips sampled and thereby reduce the uncertainty 
surrounding fishery-wide estimates of bycatch, portside sampling programs have been 
initiated in Massachusetts and Maine.  An obvious prerequisite to combining these 
portside and sea-sampling data is the comparability of the sampling programs.  An initial 
comparison found relatively poor agreement between the two methods and raised 
concerns over the ability of either program to estimate bycatch in this fishery (Appendix 
A).  The objective of this report is to explain the source of this previous disagreement, 
and to provide an updated comparison of the different programs.  At-sea and portside 
sampling protocols were compared using a simulation model as well as with empirical 
data from herring trips sampled under both programs.  This comparison focuses on 
midwater trawl vessels, as they present the greater challenge in sampling at-sea would 
therefore benefit the most from additional portside sampled trips. 
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Methods 
 
Simulation 
The contents of a typical, yet simplified hold of a midwater trawl herring vessel were 
simulated in the R software package by assembling an array of individual fish caught 
from three tows, totaling 150 mt in weight.  The tows were of equal size (50 mt), but to 
evaluate the sensitivity of each sampling protocol to non-randomly distributed bycatch, 
two different scenarios were evaluated: 1) similar bycatch per tow and 2) dissimilar 
bycatch per tow.   To simplify the comparison between protocols, the simulated hold 
contained only 3 species: Atlantic herring (target species), river herring1 (higher 
abundance bycatch species) and whiting (lower abundance bycatch species).  The hold 
under each scenario contained a similar amount of each species and differed only in the 
concentration of bycatch species in each tow (Table 2).   
 
Table 2.  Percent of target and bycatch species by weight in each tow under each 
simulation scenario. 
 
Similar Tows Scenario   
  Atlantic herring   river herring   whiting  
Tow 1 98.9% 1.0% 0.1% 
Tow 2 98.9% 1.0% 0.1% 
Tow 3 98.9% 1.0% 0.1% 
Total 98.9% 1.0% 0.1% 
    
Dissimilar Tows Scenario   
  Atlantic herring   river herring   whiting  
Tow 1 99.89% 0.10% 0.01% 
Tow 2 97.40% 2.40% 0.24% 
Tow 3 99.41% 0.50% 0.05% 
Total 98.9% 1.0% 0.1% 

 
 
The number of individuals of each species (ns) in a given tow was determined by 
multiplying the percent contribution of that species (ps) by the weight of the tow (wtow), 
and dividing by the average individual size ( sw  - Figure 1). 
 

                                                 
1 For the purposes of estimating bycatch in the Atlantic herring fishery, alewife (Alosa pseudoharengus) 
and blueback herring (Alosa aestivalis) are typically grouped together and referred to as “river herring.” 
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Figure 1.  Frequency distributions of individual fish weights from observed herring trips 
in 2010.  
 
A tow was represented by creating an array of individual fish of length ntow ( sn ).  For 
each bycatch species, a random sample of ns individuals was selected from this array and 
designated as species s.  The remaining individuals were designated as the target species, 
Atlantic herring.  Individual fish were assigned random weights by sampling with 
replacement from the distribution of weights observed at-sea in 2010 for that species 
(Figure 1).  The three tow arrays were joined into a single array to represent the hold.  
The bycatch distribution from each tow was kept intact when assembled into the hold 
array (i.e. no mixing) to mimic the process of pumping each tow’s catch into a separate 
tank onboard the vessel.  The total weight of each bycatch species was estimated by 
sampling from the hold array using four different protocols: 1) at-sea sampling: (AS) 2) 
portside unsorted sampling: (PU) 3) portside sorted sampling: (PS) and 4) portside lot 
sampling: (PL). 
 
At-Sea Sampling (AS) 
In high-volume fisheries, at-sea samplers typically take a systematic sample of 10 
“baskets” from each tow to describe the species composition of the catch.  The contents 
of each ~30 kg basket are sorted by species and weighed.  The proportion of each species 
from the basket sample is then multiplied by the captain’s estimate of tow size to achieve 
the amount of each species per tow.  The total amount of bycatch for the trip is the sum of 
the bycatch estimates from each tow (Table 3).  This sampling process was simulated by 
taking a systematic sample of 10 individuals from each tow array, with a random starting 
point.  Each selected individual represented the beginning of a basket, and every fish 
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following the initial one was added to the basket until the weight of the basket exceeded 
30 kg.   
 
 
Portside Unsorted Sampling (PU) 
During the offload process, vessels typically pump their catch through a “de-watering 
box” as it is transferred from the hold to trucks or vats onshore.  Portside samplers take a 
systematic basket sample of the catch as it is pumped through the de-watering box.  In 
this case, the sampling interval is determined by the amount of time required to sort and 
weigh the contents of a basket, which on average is about seven minutes.  Since the 
amount of time required to offload a vessel can be 24 or more hours, samplers take 
occasional breaks from sampling and are typically working for approximately 75% of the 
pumpout.  The total amount of each bycatch species from the basket sample is expanded 
to the entire hold using the captain’s estimate of the trip size (Table 3).  This sampling 
protocol was simulated in a manner similar to the method of creating baskets under the 
AS protocol;  However, in this case a single systematic sample of 32 baskets was taken 
from the hold array, based on an estimated 5 hour pumpout for a trip of this size (5 hours 
x 75% sampling time / 7 min per basket = 32 baskets). 
 
Portside Sorted Sampling (PS) 
The majority of Atlantic herring landings are sold as bait for the American lobster 
fishery, and as such are typically transferred directly from vessels to waiting trucks or 
vats.  Alternatively, some herring are packaged, frozen and sold as food, often in 
international markets.  Herring destined to be food are pumped from the vessel onto a 
conveyor belt at a shoreside facility where as many as 8 to 12 personnel (i.e. “pickers”) 
separate bycatch species from the catch prior to packaging.  The bycatch, as well as any 
damaged Atlantic herring, are sent to a central vat via a series of chutes.  Portside 
samplers systematically sample the flow of bycatch to this vat via baskets in a manner 
similar to unsorted sampling.  However, since the bycatch is more concentrated at this 
sampling location, processing the basket contents is more laborious and the average 
sampling interval is approximately 15 minutes.  Likewise, samplers often take longer 
breaks and are working for approximately 50% of the pumpout.  The total amount of each 
bycatch species from the basket sample is expanded to the entire hold using the total 
amount of bycatch (and damaged Atlantic herring) sorted to the vat (Table 3).  To 
simulate this protocol, 5% of the target species in the hold array were randomly 
designated as damaged.  The bycatch vat was represented by extracting a subset of the 
hold array that contained all bycatch species and damaged Atlantic herring, maintaining 
the original order from the hold array.  A single 10-basket systematic sample from this 
vat array was taken, using the method described under the AS protocol (5 hours x 50% 
sampling time / 15 min per basket = 10 baskets). 
 
Portside Lot Sampling (PL) 
Herring that are sold as lobster bait are often pumped directly into trucks and driven over 
land to dealers in Maine.  When it is not possible for portside samplers to intercept and 
sample the vessel during the pumpout, the contents of bait trucks are often sampled as 
they are unloaded at the retail dealer in Maine.  In this case, a systematic sample of 
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baskets is taken from the contents of the truck as it is emptied.  Typically, 1-3 trucks from 
a vessel are sampled and together are referred to as a “lot.”  On average, a 16-basket 
sample is taken from each truck.  The total amount of bycatch from a trip is calculated by 
expanding the basket sample first to the entire lot, and then from the lot to the entire hold 
(Table 3).  At times, conditions permit sorting all bycatch species from the lot as it is 
offloaded.  In these cases, a census of bycatch from the lot is achieved.  However, to 
simplify the comparison with other protocols, the systematic basket-sampling approach 
was used to represent PL sampling in the simulation.  The hold array was broken up into 
eight sections to represent individual trucks, two of which were randomly selected for 
sampling.  A 16-basket systematic sample was made from each selected truck, using the 
method described under the AS protocol. 
 
A total of 1,000 iterations of each sampling protocol were made from the simulated hold 
under each scenario.  The distribution of bycatch estimates from all sampling iterations 
was used to describe the accuracy and precision of each protocol.  The mean estimate and 
coefficient of variation (CV) for each bycatch species were compared across the four 
protocols and two scenarios  
 
A second simulation experiment was conducted to illustrate the effect of sample size and 
bycatch rarity on the precision of bycatch estimates as well as the ability to detect a 
bycatch species.  In this case, a hold was simulated that contained four randomly-
distributed bycatch species at various densities (1%, 0.1%, 0.05%, and 0.01%).  A single 
systematic sample with random starting point was taken from this hold at various sample 
sizes (10, 25, 50 and 100 baskets).  This sampling routine was iterated 1000 times, and 
the CV of the estimates, as well as the percent of estimates that were zero were 
compared. 
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Table 3.   
Sampling 
protocol Method used to estimate bycatch and variance 

At-Sea 
Sampling 
(AS) 

  
Where, 
rs,tow = ratio of species s in tow 
ws,i = weight of species s from basket i 
ws,tow = weight of species s from tow 
ws = weight of species s in the hold 
wi = weight of basket i 
N = number of possible baskets from tow 
n = number baskets sampled from tow 
 

 
 

Portside 
Unsorted 
(PU) 

  
Where, 
ws = weight of species s in the hold 
ws,i = weight of species s from basket i 
N = number of possible baskets from hold 
n = number of baskets sampled from hold 
s2 = sample variance of species s from baskets 
 

Portside 
Sorted 
(PS) 

  
 Where, 
ws = weight of species s in the hold 
ws,i = weight of species s from basket i 
N = number of possible baskets from bycatch vat 
n = number baskets sampled from bycatch vat 
s2 = sample variance of species s from baskets 
 
 

Portside 
Lot 
(PL) 

  
Where, 
ws = weight of species s in the hold 
ws,i = weight of species s from basket i 
N = number of possible baskets in lot 
n = number of baskets sampled from lot 
M = number of possible trucks from hold 
m = number of trucks sampled from hold  
s2 = sample variance of species s from baskets 
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Empirical Data 
A total of 30 midwater-trawl herring trips from 2010-2011 were identified as being 
sampled by both at-sea and portside methods.  Twenty-four trips were sampled by PU 
methods and six trips were sampled by PS methods.  Five trips were sampled by more 
than one portside method (PU and PL).  Estimates of bycatch for six common species 
(river herring, whiting, American shad, butterfish, haddock and spiny dogfish) were 
calculated for each trip and compared across sampling methods.  The variability of the 
bycatch observed in the basket sample data was used to estimate the variance surrounding 
the bycatch estimate for each trip (Table 3).  The amount of agreement between at-sea 
sampling and port sampling was evaluated in two different ways: 1) the ability to detect 
bycatch species (i.e. presence-absence) and 2) significant differences in bycatch 
estimates. 
 
There are four possible outcomes when comparing two sampling protocols’ ability to 
detect a bycatch species: 1) present in both (++); 2) present in neither (--); 3) present in 
portside sampling, absent from sea sampling (P+); and 4) present in sea sampling, absent 
from portside sampling (S+).  For each of the six species, a matching coefficient was 
calculated by dividing the number of trips that fell into the first two categories (++,--) by 
the total number of trips sampled.  Because some species are infrequently encountered by 
this fishery, a high proportion of “double negative” (--) trips could yield an unrealistically 
high matching coefficient.  To account for this, a second matching coefficient was 
calculated that omits the “--” trips from both the numerator and denominator. 
 
A modified two sample t-test assuming unequal variances (i.e. Welch’s test) was used to 
test for a significant difference (α = 0.05) between portside and at-sea sampling estimates 
of bycatch.  This test typically relies on the sample means ( x ) and sample variances ( 2s ) 
to calculate the t statistic: 
 

Eq. 2)   

2

2
2

1

2
1

21

n
s

n
s

xxt



  

 
However, since we are comparing a variety of protocols with different types of samples 
(e.g. sorted vs unsorted), the sample means and variances were replaced with the total 
estimated bycatch per trip (w), and the variance of those estimates (V(w)): 
 

Eq. 3)   
)()( 21

21

wVwV
wwt



  

 
 
To evaluate how often bycatch is non-randomly distributed in the catch, a one-sided 
“runs” test was performed on the series of basket observations for a single species (river 
herring) for each sampled trip.  This test relies on the calculation of an expected number 
of “runs” given the number of observations at two levels, a “run” being a sequence of 
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adjacent observations at the same level.  In this case, the two levels were defined as: 1) 
above the mean value and 2) below the mean value.  If the number of observed runs for a 
trip was significantly lower than the expected value (α = 0.05), it was considered to have 
non-randomly distributed bycatch. 
 
 
Results  
 
Simulation 
AS, PU and PL sampling achieved comparable levels of precision under the similar tows 
scenario, with a CV of approximately 0.1 for river herring and 0.6 for whiting (Figure 2).  
PS sampling was identified as being the most precise, with a CV roughly half of the other 
protocols.  AS, PU and PS sampling performed equally well under the dissimilar tows 
scenario, indicating these protocols are robust to non-random distributions of bycatch 
(Figure 3).  On the other hand, PL sampling performed very poorly under the dissimilar 
tows scenario, yielding a CV of 0.59 for river herring (a 500% increase) and a CV of 0.91 
for whiting (an 80% increase).  Additionally, the PL protocol failed to detect any of the 
less abundant whiting 9% of the time under the dissimilar tows scenario.  None of the 
protocols were found to be biased, achieving mean estimates within 3% of the true value 
under either scenario. 
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Figure 2. Distribution of bycatch estimates from 1000 iterations of sampling the 
simulated hold under the similar tows scenario. 
 
 

 
Figure 3. Distribution of bycatch estimates from 1000 iterations of sampling the 
simulated hold under the dissimilar tows scenario. 
 
 
For the second simulation experiment, results indicated that both sample size and bycatch 
rarity have a strong influence on the precision of the estimate and the ability to detect 
bycatch species (Figure 4).  For all levels of bycatch rarity, the CV of the estimate 
increased by a factor of 3 when the sample size was dropped from 100 baskets to 10 
baskets. Likewise, the CV of the estimate increased by a factor of 10 when the rarity of 
the bycatch dropped from 1% of the catch to 0.01%.  The ability to detect the rarest 
bycatch was very low at the smallest sample size, with 71% of the sampling iterations 
failing to detect a single bycatch individual.   
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Figure 4.  Distribution of bycatch estimates at four levels of bycatch rarity from 1000 
iterations of a single systematic sample of various sizes. 
 
 
Empirical Data  
PU sampling achieved a 75% to 92% agreement with AS in the ability to detect the six 
bycatch species (Table 4).  When the “double negative” (--) tows were omitted, the 
amount of agreement dropped substantially for some species (e.g. spiny dogfish, 
butterfish), yet remained high for others (e.g. river herring, silver hake).  The amount of 
bycatch estimated also agreed well between PU and AS sampling.  For the six species 
considered, significant differences in bycatch amount were detected on only 8 to 25% of 
the trips (75 to 92% agreement).  All of these significant differences resulted from one 
protocol “missing” the bycatch species (i.e. P+ or S+). 
 
 
Table 4.  Number of trips that detected bycatch species under PU and AS and the percent 
agreement between the two protocols (top). Number of trips with a significant difference 
(alpha = 0.05) in bycatch amount of six species, between AS and PU methods (bottom).   
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Presence-Absence

++ - - P+ S+
River Herring 18 3 1 2 88% 86%
Butterfish 5 15 3 1 83% 56%
Silver Hake 12 9 1 2 88% 80%
Spiny Dogfish 2 19 3 0 88% 40%
Haddock 6 16 2 0 92% 75%
American Shad 7 11 4 2 75% 54%

Significant Differences

++ - - ++ P+ S+
River Herring 18 3 0 1 2 88% 86%
Butterfish 5 15 0 3 1 83% 56%
Silver Hake 12 9 0 1 2 88% 80%
Spiny Dogfish 2 19 0 3 0 88% 40%
Haddock 6 16 0 2 0 92% 75%
American Shad 7 11 0 4 2 75% 54%

DisagreeAgree
% Agree

% Agree     
(omit --)

% No Sig Diff 
(omit --)

No Sig Diff Sig Diff % No Sig 
Diff

 
 
 
PS sampling achieved 50% to 83% agreement with AS in the detection of bycatch species 
(Table 5).  However, for some species the agreement dropped to 0% when “--” trips were 
omitted (i.e. spiny dogfish, haddock).  In terms of the quantity of bycatch estimated, PS 
sampling had limited agreement with AS sampling: 33%-83% of the trips sampled had 
significant differences between the protocols (17%-67% agreement).  However, much of 
that agreement came from “double negative” trips and once they were removed, the 
amount of agreement dropped to 0%-50%. 
 
 
Table 5. Number of trips that detected bycatch species under PS and AS and the percent 
agreement between the two protocols (top). Number of trips with a significant difference 
(alpha = 0.05) in bycatch amount of six species, between AS and PS methods (bottom).   
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Presence-Absence

++ - - P+ S+
River Herring 5 0 1 0 83% 83%
Butterfish 2 2 2 0 67% 50%
Silver Hake 4 0 2 0 67% 67%
Spiny Dogfish 0 3 3 0 50% 0%
Haddock 0 4 2 0 67% 0%
American Shad 3 0 3 0 50% 50%

Significant Differences

++ - - ++ P+ S+
River Herring 2 0 3 1 0 33% 33%
Butterfish 1 2 1 2 0 50% 25%
Silver Hake 1 0 3 2 0 17% 17%
Spiny Dogfish 0 3 0 3 0 50% 0%
Haddock 0 4 0 2 0 67% 0%
American Shad 3 0 0 3 0 50% 50%

Sig Diff % No Sig 
Diff

Agree Disagree
% Agree

No Sig Diff

% Agree     
(omit --)

% No Sig Diff 
(omit --)

 
 
 
The comparison of PL to AS sampling was restricted to only three species, as none of the 
other common bycatch species were encountered under either protocol.  PL sampling 
achieved 20% to 80% agreement with AS in the detection of those three bycatch species 
(Table 6).  Similarly, significant differences between the two protocols were found on 
20% to 80% of the trips. While it is difficult to draw conclusions from so few trips 
sampled, it appears that the amount of agreement between PL and AS sampling was 
highly variable. 
 
 
Table 6. Number of trips that detected bycatch species under PL and AS and the percent 
agreement between the two protocols (top). Number of trips with a significant difference 
(alpha = 0.05) in bycatch amount of six species, between AS and PS methods (bottom).   
 
Presence-Absence

++ - - P+ S+
River Herring 3 1 0 1 80% 75%
American Shad 0 1 1 3 20% 0%
Spiny Dogfish 1 3 1 0 80% 50%

Significant Differences

++ - - ++ P+ S+
River Herring 2 1 1 0 1 60% 50%
American Shad 0 1 0 1 3 20% 0%
Spiny Dogfish 1 3 0 1 0 80% 50%

% No Sig Diff 
(omit --)

No Sig Diff Sig Diff % No Sig 
Diff

Agree Disagree
% Agree

% Agree     
(omit --)
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Of the 30 trips that were sampled both at-sea and portside, 11 trips (37%) were found to 
have a significantly non-random distribution of river herring in the catch when sampled 
at-sea (Figure 5).  Similarly, nine trips (30%) were found to have non-randomly 
distributed river herring when sampled portside.  Six of these portside trips were also 
found to be non-random at-sea, indicating that the distribution of bycatch at-sea often 
determines the distribution of bycatch seen during the offload at port. 
 

  
Figure 5.  Sequence of river herring observations from the basket samples taken at-sea 
(left) and portside (right) for each co-sampled trip.  The vertical gray lines on the left 
pane indicate the separation between tows.  Trips that were found to have a non-random 
distribution of river herring are identified by the p-value of the runs test in the margin.



14 

Discussion 
 
The results of the simulation experiment indicate that AS and PU sampling should 
estimate the amount of bycatch on a herring trip with equal precision.  However, the 
precision surrounding these bycatch estimates is primarily determined by the sample size 
(i.e. the number of baskets), and each protocol arrives at this number differently.  The 
configuration of the hold in the simulation experiment (3 tows with 150 mt total landings) 
was intentionally designed to create roughly equivalent sample sizes under each protocol.  
In reality, most herring trips would likely end up with different sample sizes if sampled 
at-sea or portside. On trips with relatively low landings from a high number of tows, AS 
sampling will achieve the larger sample size, since AS protocol requires a fixed number 
of baskets per tow.  On the other hand, trips with high landings from few tows will yield 
a higher sample size under PU sampling, as number of samples taken is a function of 
pumpout time under the PU protocol.   For the 24 trips that were sampled by both 
methods, 75% had a higher sample size under PU sampling.  As a result, the average CV 
from PU sampling was 42% less than that achieved under AS on the same trips.  Despite 
these dissimilar sample sizes, the empirical data appear to corroborate the results of the 
simulation, showing little disagreement between PU and AS sampling.  None of the trips 
where both protocols detected a species had significant differences in bycatch estimates.  
Most of the trips where PU and AS did disagree fell into the “P+” category, or where 
bycatch was observed in PU but not observed in AS.  This is likely a symptom of the 
larger sample sizes under portside sampling.  From the second simulation experiment, it 
is clear that the likelihood of not detecting a rare bycatch species is far greater at lower 
sample sizes.   
 
The simulation identified PS sampling as having the highest precision, while being just as 
accurate as PU and AS methods.  Unfortunately, this did not appear to be the case when 
the empirical data were examined.  Although only six trips were sampled by both PS and 
AS methods, it was clear that the two methods had very poor agreement.  Four trips 
(67%) showed a significant difference in the estimated amount of river herring bycatch.  
This high amount of disagreement was a surprising find and indicates the presence of a 
strong bias in PS sampling.  It is unlikely that AS protocol is biased, since it is 
corroborated by the good agreement with PU sampling.  A potential source of bias from 
PS sampling could be that pickers are “missing” bycatch species as they pass by on the 
conveyor belt.  The PS method of sampling assumes that all bycatch are separated from 
catch and sent to a vat to be sampled from.  If a large portion of a particular bycatch 
species is missed on the picking line, the PS method will significantly underestimate the 
amount of bycatch.  In fact, three of the four trips that had a significant difference in river 
herring bycatch had a lower estimate under PS sampling.  Occasionally, a few random 
boxes of packaged Atlantic herring are opened for quality control purposes and examined 
for missed bycatch species.  However, since bycatch species such as river herring often 
account for less than 1% of the weight of trip, the chance of encountering the occasional 
‘missed’ river herring in a randomly selected box is very small.  Likewise, if a fraction of 
1% of the packaged product is of a different herring species, it unlikely that it would lead 
to customer complaints. 
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Although apparently biased, the average precision surrounding the PS estimates of 
bycatch was 40% less than that of AS sampling on the same trips.  Also, PS sampling 
was far better at identifying the presence of rare bycatch species than AS, with 13 
instances of a species being identified under PS sampling but not under AS (P+).  There 
were no cases of a species being identified under AS but not under PS (S+).  If it is 
possible to identify and correct the source of the sampling bias, the PS protocol has the 
potential to provide the most precise estimate of bycatch for this fishery. 
 
The simulation experiment identified PL sampling as being roughly equivalent to PU and 
AS sampling for trips that had randomly distributed bycatch in the hold (i.e. similar tows 
scenario).  However, PL sampling was particularly vulnerable to non-random bycatch 
distribution.  Intuitively, this vulnerability is caused by focusing all of the sampling on a 
small portion of the hold.  If bycatch are more concentrated in the trucks selected for 
sampling, the resulting bycatch estimate will be too high.  Conversely, if trucks with less 
bycatch are selected, the bycatch estimate will be too low, or none will be detected at all.  
The other protocols distribute the sampling effort across the entire catch, and are 
therefore more robust to non-randomly distributed bycatch.  From the results of the runs 
test, it appears that non-random bycatch is fairly common in this fishery, with more than 
a third of the examined trips identified as having river herring non-randomly distributed 
in the catch.  A previous comparison of portside and at-sea bycatch estimates relied 
heavily on data from PL sampling (Appendix A) and yielded relatively poor agreement 
between portside and at-sea estimates of bycatch.  It appears the frequency of non-
random bycatch coupled with the vulnerability of PL sampling to this phenomenon is the 
primary cause of the disagreement found in that investigation.  It is important to note that 
sampling the offload from trucks is not inherently flawed, and could provide a reliable 
estimate of bycatch if it is possible to sample all the trucks from a particular trip.  In 
many cases this may not possible, as trucks filled from a single hold are often destined 
for multiple locations.  In any case, portside resources should be directed to ensure that 
the entire catch from a trip is available for sampling. 
 
Currently, estimates of bycatch in this fishery are derived from AS sampling alone.  The 
high amount of agreement between PU and AS sampling found in this investigation lends 
credibility to both programs and it seems reasonable to combine bycatch estimates from 
trips sampled under either protocol.  Incorporating PU sampled trips could reduce the CV 
on the fishery-wide estimate of bycatch by dramatically increasing the sample size, 
particularly for areas and gears with limited AS sampling coverage.  In addition, PU 
sampling can be a far more efficient use of limited resources than AS sampling:  
Consider the midwater-trawl trip from the simulation experiment, with 150 mt of 
landings that takes approximately 5 hours to offload.  Depending on the fishing area and 
port of landing, this might be a four to six day trip. The total cost of sampling that trip 
portside would be approximately $350 (2 samplers at ~$35 / hr for 5 hrs), whereas the AS 
cost would likely be $5000 to $7000 (1 sampler at ~$1200 / day).    If additional 
sampling resources are to be directed at this fishery beyond those already required by the 
NEFOP allocation algorithm (SBRM), portside unsorted sampling should be considered 
as it is a reliable cost-effective method of estimating retained bycatch. 
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Background 

 At its May 2010 meeting, the New England Fisheries Management Council 
Herring Oversight Committee tasked the Plan Development Team (PDT) with identifying 
river herring hotspots as part of the analysis for Amendment 5 to the Atlantic Herring 
fishery management plan (FMP). Specifically, one of the objectives for Amendment 5 of 
the FMP is to address river herring bycatch in the Atlantic herring, Clupea harengus, 
fishery.  

 Here, the term "river herring" refers to alewife, Alosa pseudoharengus, and 
blueback herring, Alosa aestivalis. This analysis combines available data on both 
species to identify river herring hotspots. Furthermore, this work differs from other 
studies on the bycatch of river herring in ocean fisheries (Shepherd 1986, Cieri et al. 
2008, Wigley et al. 2009) because it incorporates fishery dependent and independent 
data. The following is a summary of the method and analysis developed by the PDT to 
identify river herring hotspots. 

Study Area 

 The study area includes the Atlantic herring fishery management plan areas that 
overlap the Eastern US Continental shelf (Fig. 1). 

Datasets and Data Selection 

 Multiple data sources are used in this analysis to identify river herring hotspots at 
sea. These sources include fishery dependent (Vessel Trip Reports, VTR and Northeast 
Fishery Observer Program, NEFOP) and fishery independent (National Marine 
Fisheries Service, NMFS bottom-trawl surveys) datasets (Tables 1-3). The most recent 
5 years (2005-2009) of fishery dependent data and 15 years (1994-2008) of fishery 
independent are pooled separately by dataset in the analysis.  

 Data from directed herring trips were selected from VTR and NEFOP databases 
and grouped by quarter: 1, 2, 3, and 4 (Tables 1 and 2). Here, directed herring trips 
were defined as 2,000 lbs of kept Atlantic herring on a trip. Data from other non-directed 
trips is not included in the analysis, but may become the scope of future examination. In 
addition, fishery dependent data included three broad gear categories: bottom otter-
trawl, purse seine, and mid-water trawl (combining single and pair mid-water trawls).  

 River herring data from observed directed herring trips (NEFOP) were 
presence/absence and weight (lbs) from each haul or set. Data from the Massachusetts 
Division of Marine Fisheries and the Maine Department of Marine Resources portside 
surveys were excluded because spatial information was not available for all years and 
all trips.  

 Selected river herring data from NMFS bottom-trawl surveys included 
presence/absence and the number of individuals found at each sampling location. 
Surveys were separated by season: winter, spring, and fall (Tables 3 and 4). 
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Methods 

Fishing Effort and River Herring Bycatch 

 To understand where and when the directed herring fishery operated throughout 
the fishing year, quarterly maps and tables of the number of trips per statistical area 
were constructed using VTRs (Figs. 2-5, Appendix Tables A.1-A.4). Fishing effort was 
approximated by the number of trips within a statistical area. Quarterly maps of fishing 
effort by statistical areas were color-coded from hot (red) to cool (blue) to identify fishing 
effort concentration areas.  

 These maps were overlaid with quarterly NEFOP data on river herring bycatch 
events from observed hauls and sets. Circles of increasing size represent the 
magnitude of the bycatch event. These bycatch events were binned into circles of 
increasing size using all years and quarters combined and then mapped separately by 
quarter.  

Hotspots 

 Seasonal NMFS bottom-trawl surveys were used to identify river herring 
"hotspot" areas (Appendix Figure A.1). Analyses for the winter, spring, and fall surveys 
were conducted separately for two spatial stratification schemes:  

 fisheries statistical areas (Fig. 1) and 

 survey strata (Appendix Figs. A.2- A.5). 

Regardless of the spatial stratification scheme, at least 10 tows per strata were required 
for inclusion in the analysis. Strata with less than 10 tows were omitted from the 
analysis.  

 For each seasonal survey and stratification scheme, two metrics were used to 
determine hotspots: 

 percent occurrence and 

 median Q index.  

Within each spatial stratum, percent occurrence was defined as the count of tows with 
river herring present divided by the total tows. For example if for a given area, the 
number of tows was 100, and out of those 100 tows 66 tows detected river herring. The 
percent occurrence for that area was 66%. The percent occurrence for each spatial 
strata was used for ranking. 

 The Q index standardizes the number of river herring caught per tow to reduce 
the effect of annual sampling variation and differences in sample size among years. The 
Q index can be interpreted as reflecting the density of river herring within a given spatial 
strata. Because the NMFS bottom trawl survey has predefined survey strata, results for 
the Q index that ignore the survey strata (i.e., results of the Q index for each statistical 
area) should be interpreted cautiously and may not reflect river herring density in a 
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given area because such methods violate assumptions of the a priori survey sampling 
design. The median of the Q-index for each spatial strata was used for ranking 
hotspots. 

 The strata for each stratification scheme (i.e., statistical areas or survey strata) 
were ranked using each metric and recorded in respective tables, plots and maps 
(Figs.6-8, Appendix Tables A.5-A.10, Figs. A.6- A.14). Maps of ranked areas were 
color-coded from hot (red) to cool (blue or purple) to identify river herring hotspot areas. 
These maps were overlaid with quarterly NEFOP data on river herring bycatch from 
observed hauls and sets based on the timing of the NMFS bottom-trawl surveys (Table 
4).  

Results 

Fishing Effort and River Herring Bycatch 

 Visual differences in the spatial and temporal distribution of directed herring trips 
were evident from maps of fishing effort (Figs. 2-5). In general, fishing effort shifted from 
the northern Mid-Atlantic Bight and southern New England waters in quarter 1 to 
southern New England waters and the Gulf of Maine in quarter 2 (Figs. 2-3). In quarter 
3, fishing effort concentrated in the Gulf of Maine and Georges Bank (Fig. 4). Then 
during quarter 4, fishing effort spanned the Gulf of Maine and southern New England 
waters (Fig. 5). 

 Using NEFOP haul and set data, river herring bycatch events were inspected by 
quarter. River herring bycatch events in quarter 1 included areas in Ipswich Bay, off the 
back of Cape Cod, and in the northern Mid-Atlantic Bight (Fig.2). In quarter 2, river 
herring bycatch events occurred in the northern Gulf of Maine, off the back of Cape 
Cod, and the Mid-Atlantic Bight (Fig. 3). In quarter 3, bycatch events included areas in 
the northern Gulf of Maine (Fig. 4). For quarter 4, bycatch events included the northern 
Gulf of Maine, Ipswich Bay, Massachusetts Bay, the back of Cape Cod, south of 
Martha's Vineyard, and near Block Island (Fig. 5). 

Hotspots 

Results include river herring hotspot areas ranked in tables, plots, and maps: 

 percent occurrence by statistical area (Figs. 6-8, Appendix Tables A.5-A.7) 

 percent occurrence by survey strata (Appendix Figs. A.6-A.8, Tables A.8-A.10  

 median Q index by statistical area (Appendix Figs. A.9-A.11, Tables A.5-A.7) 

 median Q index by survey strata (Appendix A.12-A.14, Tables A.8-A.10). 

Each of these above combinations produced different hotspot maps. These seasonal 
maps were overlaid with observed river herring bycatch events by quarters. Although 
the timing of the quarterly observed river herring bycatch events did not perfectly match 
the timing of the seasonal NMFS bottom-trawl surveys (Table 4), they could be used to 
reference identified hotspot areas and in future analysis. 
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Tables 

 
Table 1: Number of directed herring trips separated by gear, year and quarter. Directed herring 
trips defined as 2,000 lbs of kept Atlantic herring on a trip. Gear categories include bottom otter-
trawl (OT), purse seine (PS) and mid-water trawl (PR). Mid-water trawl (PR) refers to pair and 
single mid-water trawls. Source: Vessel Trip Report Database 2005-2009. 
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Table 2: Observed hauls from directed herring trips separated by gear, year and quarter. Directed 
herring trips defined as 2,000 lbs of kept Atlantic herring on a trip. Source: NEFOP Database 2005-
2009. 
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Table 3: Number of tows from seasonal research surveys separated by year and season. Source: 
NMFS bottom-trawl surveys 1994-2008. 

 
Table 4: Number of tows from seasonal research surveys separated month, fishing quarter, and 
survey season. Note that spring and fall surveys overlap multiple fishing quarters. Source: NMFS 
bottom-trawl surveys 1994-2008. 

Amendment 5 Volume III - Appendix III (A)



 

8 
 

Figures 
 

 
Figure 1: Study area of the Eastern US Continental Shelf. Overlapping Atlantic herring fishery 
management plan areas (Area 1A, 1B,  2, and 3) and fisheries management statistical areas (400-
700s) indicated. 

Amendment 5 Volume III - Appendix III (A)



 

9 
 

 
Figure 2: Reported trips (VTR) and observed hauls and sets (OBS HAULS) from quarter 1, 2005-
2009 for directed herring trips by bottom otter-trawls, purse seines, and mid-water trawls (single 
and paired). Trips by statistical area are grouped from 122-813 (red), 7-121 (yellow), 1-6 (aqua), and 
0 (dark blue) trips. Scaled pink circles represent river herring bycatch (lbs) in observed hauls and 
sets for directed herring trips. A "+" signifies that an observed haul or set did not catch river 
herring. Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Sources: 
VTR Database 2005-2009 and NEFOP Database 2005-2009. 
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Figure 3: Reported trips (VTR) and observed hauls and sets (OBS HAULS) from quarter 2, 2005-
2009 for directed herring trips by bottom otter-trawls, purse seines, and mid-water trawls (single 
and paired). Trips by statistical area are grouped from 122-813 (red), 7-121 (yellow), 1-6 (aqua), and 
0 (dark blue) trips. Scaled pink circles represent river herring bycatch (lbs) in observed hauls and 
sets for directed herring trips. A "+" signifies that an observed haul or set did not catch river 
herring. Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Sources: 
VTR Database 2005-2009 and NEFOP Database 2005-2009. 
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Figure 4: Reported trips (VTR) and observed hauls and sets (OBS HAULS) from quarter 3, 2005-
2009 for directed herring trips by bottom otter-trawls, purse seines, and mid-water trawls (single 
and paired). Trips by statistical area are grouped from 122-813 (red), 7-121 (yellow), 1-6 (aqua), and 
0 (dark blue) trips. Scaled pink circles represent river herring bycatch (lbs) in observed hauls and 
sets for directed herring trips. A "+" signifies that an observed haul or set did not catch river 
herring.  Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Sources: 
VTR Database 2005-2009 and NEFOP Database 2005-2009. 
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Figure 5: Reported trips (VTR) and observed hauls and sets (OBS HAULS) from quarter 4, 2005-
2009 for directed herring trips by bottom otter-trawls, purse seines, and mid-water trawls (single 
and paired). Trips by statistical area are grouped from 122-813 (red), 7-121 (yellow), 1-6 (aqua), and 
0 (dark blue) trips. Scaled pink circles represent river herring bycatch (lbs) in observed hauls and 
sets for directed herring trips. A "+" signifies that an observed haul or set did not catch river 
herring. Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Sources: 
VTR Database 2005-2009 and NEFOP Database 2005-2009. 
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Figure 6: Percent occurrence of river herring in winter research surveys by statistical area ranked 
from lowest to highest (top). Map of corresponding river herring percent occurrence by statistical 
area grouped from >74-100% (red), >52-74% (yellow), >18-52% (aqua), >0-18% (dark blue) and 0% 
(purple) (bottom). Ranks are based on river herring percent occurrence values in the spring 
research surveys. Scaled pink circles represent river herring bycatch (lbs) in observed hauls and 
sets from quarter 1 directed herring trips. A "+" signifies that an observed haul or set did not 
catch river herring. Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. 
Sources: NMFS bottom-trawl surveys 1994-2007 and NEFOP Database 2005-2009. 
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Figure 7: Percent occurrence of river herring in spring research surveys by statistical area ranked 
from lowest to highest (top). Map of corresponding river herring percent occurrence by statistical 
area grouped from >74-100% (red), >52-74% (yellow), >18-52% (aqua), >0-18% (dark blue) and 0% 
(purple) (bottom). Ranks are based on river herring percent occurrence values in the spring 
research surveys. Scaled pink circles represent river herring bycatch (lbs) in observed hauls and 
sets from quarter 1 and 2 directed herring trips. A "+" signifies that an observed haul or set did 
not catch river herring. Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a 
trip. Sources: NMFS bottom-trawl surveys 1994-2008 and NEFOP Database 2005-2009. 
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Figure 8: Percent occurrence of river herring in fall research surveys by statistical area ranked 
from lowest to highest (top). Map of corresponding river herring percent occurrence by statistical 
area grouped from >74-100% (red), >52-74% (yellow), >18-52% (aqua), >0-18% (dark blue) and 0% 
(purple) (bottom). Ranks are based on river herring percent occurrence values in the spring 
research surveys. Scaled pink circles represent river herring bycatch (lbs) in observed hauls and 
sets from quarter 3 and 4 directed herring trips. A "+" signifies that an observed haul or set did 
not catch river herring. Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a 
trip. Sources: NMFS bottom-trawl surveys 1994-2008 and NEFOP Database 2005-2009. 

Amendment 5 Volume III - Appendix III (A)



 

16 
 

References 
Cieri, M., G. Nelson, and M. A. Armstrong. 2008. Estimates of river herring bycatch in 
the directed Atlantic herring fishery. Report prepared for the Atlantic States Marine 
Fisheries Commission, Washington, DC. September 23, 2008. 
 

Shepherd, G. 1986. Evaluation of the river herring by-catch in the mackerel fishery. 
Woods Hole Laboratory Reference Document 86-10. US Department of Commerce. 
 

Wigley,  S. E. , J. Blaylock, P. J. Rago. 2009. River herring discard estimation, precision 
and sample size analysis. Northeast Fish Science Center Reference Document 09-20. 
US Department of Commerce. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Amendment 5 Volume III - Appendix III (A)



 

17 
 

Appendix 
 

Tables 
 

 

Table A.1: Number of directed herring trips separated by gear and statistical area for quarter 1. 
Directed herring trips defined as 2,000 lbs of kept Atlantic herring on a trip. Gear categories 
include bottom otter-trawl (OT), purse seine (PS) and mid-water trawl (PR). Mid-water trawl (PR) 
refers to pair and single mid-water trawls. Source: Vessel Trip Report Database 2005-2009. 

 

Amendment 5 Volume III - Appendix III (A)



 

18 
 

 
 

Table A.2: Number of directed herring trips separated by gear and statistical area for quarter 2. 
Directed herring trips defined as 2,000 lbs of kept Atlantic herring on a trip. Gear categories 
include bottom otter-trawl (OT), purse seine (PS) and mid-water trawl (PR). Mid-water trawl (PR) 
refers to pair and single mid-water trawls. Source: Vessel Trip Report Database 2005-2009. 

 

Amendment 5 Volume III - Appendix III (A)



 

19 
 

 
 

Table A.3: Number of directed herring trips separated by gear and statistical area for quarter 3. 
Directed herring trips defined as 2,000 lbs of kept Atlantic herring on a trip. Gear categories 
include bottom otter-trawl (OT), purse seine (PS) and mid-water trawl (PR). Mid-water trawl (PR) 
refers to pair and single mid-water trawls. Source: Vessel Trip Report Database 2005-2009. 
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Table A.4: Number of directed herring trips separated by gear and statistical area for quarter 4. 
Directed herring trips defined as 2,000 lbs of kept Atlantic herring on a trip. Gear categories 
include bottom otter-trawl (OT), purse seine (PS) and mid-water trawl (PR). Mid-water trawl (PR) 
refers to pair and single mid-water trawls. Source: Vessel Trip Report Database 2005-2009. 
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Table A.5: Ranked statistical areas (AREA) using percent occurrence and median Q index 
calculated from river herring presence/absence and number of individuals, respectively, in winter 
research surveys. The number of survey tows (TOWS) by statistical area is provided. Statistical 
areas with less than 10 survey tows were excluded from the analysis. Source: NMFS bottom-trawl 
surveys 1994-2007. 
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Table A.6: Ranked statistical areas (AREA) using percent occurrence and median Q index 
calculated from river herring presence/absence and number of individuals, respectively, in spring 
research surveys. The number of survey tows (TOWS) by statistical area is provided. Statistical 
areas with less than 10 survey tows were excluded from the analysis. Source: NMFS bottom-trawl 
surveys 1994-2008. 
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Table A.7: Ranked statistical areas (AREA) using percent occurrence and median Q index 
calculated from river herring presence/absence and number of individuals, respectively, in fall 
research surveys. The number of survey tows (TOWS) by statistical area is provided. Statistical 
areas with less than 10 survey tows were excluded from the analysis. Source: NMFS bottom-trawl 
surveys 1994-2008. 
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Table A.8: Ranked survey strata (STRATUM) using percent occurrence and median Q index 
calculated from river herring presence/absence and number of individuals, respectively, in winter 
research surveys. The number of survey tows (TOWS) by survey strata is provided. Survey strata 
with less than 10 survey tows were excluded from the analysis. Source: NMFS bottom-trawl 
surveys 1994-2007. 
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NMFS BTS Spring 1994-2008 

 STRATUM TOWS Percent Occurrence Ranked   Median Q Index Ranked 
 3590 10 1 1 

 
0.98392021 2 

 1240 89 0.95505618 2 
 

0.223246262 33 
 1370 74 0.932432432 3 

 
0.100069653 49 

 1380 59 0.93220339 4 
 

-0.425750232 81 
 3050 27 0.925925926 5 

 
-0.111339016 64 

 3600 23 0.913043478 6 
 

0.605991274 10 
 3450 22 0.909090909 7 

 
0.117136801 46 

 1400 32 0.90625 8 
 

0.149316234 42 
 3020 29 0.896551724 9 

 
0.556287714 12 

 1351 27 0.888888889 10 
 

0.197099084 35 
 3660 16 0.875 11 

 
0.828594137 5 

 1050 63 0.873015873 12 
 

0.305303336 27 
 3360 29 0.862068966 13 

 
-0.782222878 91 

 1060 106 0.858490566 14 
 

-0.884740393 94 
 1390 42 0.857142857 15 

 
0.201154176 34 

 3300 14 0.857142857 15 
 

0.337011254 26 
 1280 105 0.847619048 17 

 
0.090882184 50 

 3270 13 0.846153846 18 
 

-0.636722591 89 
 3210 12 0.833333333 19 

 
-1.024235236 96 

 3280 30 0.833333333 19 
 

-0.421201932 80 
 1360 112 0.821428571 21 

 
-0.09588692 61 

 3240 28 0.821428571 21 
 

-0.277764259 74 
 3350 27 0.814814815 23 

 
-1.140641133 97 

 3340 30 0.8 24 
 

-1.402562283 106 
 3250 29 0.793103448 25 

 
0.690971688 6 

 3140 24 0.791666667 26 
 

0.551356512 13 
 3130 28 0.785714286 27 

 
-0.849977935 93 

 3220 31 0.774193548 28 
 

-1.441988721 107 
 1270 57 0.771929825 29 

 
-0.099565033 62 

 1340 69 0.768115942 30 
 

-0.43550702 82 
 1220 53 0.754716981 31 

 
0.174848423 39 

 3060 12 0.75 32 
 

-0.592992878 88 
 3180 12 0.75 32 

 
-0.336583687 77 

 1090 67 0.746268657 34 
 

-0.403730172 79 
 3160 31 0.741935484 35 

 
0.975207456 3 

 1070 27 0.740740741 36 
 

0.256053654 31 
 3170 27 0.740740741 36 

 
-0.446773288 83 

 1010 99 0.737373737 38 
 

-0.965170421 95 
 3330 15 0.733333333 39 

 
-1.872819983 108 

 3260 29 0.724137931 40 
 

1.267823155 1 
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3460 18 0.722222222 41 
 

0.439552304 19 
 3200 28 0.714285714 42 

 
0.117473003 45 

 3610 27 0.703703704 43 
 

0.669111025 7 
 3150 10 0.7 44 

 
0.251872066 32 

 3580 10 0.7 44 
 

-0.822222227 92 
 3110 29 0.689655172 46 

 
-1.358142081 105 

 3320 25 0.68 47 
 

0.129317899 44 
 1020 96 0.677083333 48 

 
-0.059313664 59 

 1250 37 0.675675676 49 
 

0.178130245 37 
 1290 106 0.660377358 50 

 
-0.271242146 72 

 1230 57 0.649122807 51 
 

-0.110929914 63 
 3230 28 0.642857143 52 

 
-1.150390295 98 

 3310 28 0.642857143 52 
 

0.008703763 54 
 1260 53 0.641509434 54 

 
-0.169355223 69 

 3040 30 0.633333333 55 
 

-0.466113337 84 
 3290 27 0.62962963 56 

 
-0.188232439 71 

 3400 31 0.612903226 57 
 

-0.336711484 78 
 3370 30 0.6 58 

 
0.378768747 24 

 3080 29 0.586206897 59 
 

0.274516216 29 
 3120 12 0.583333333 60 

 
-1.174267118 100 

 3190 31 0.580645161 61 
 

-0.161000479 67 
 3100 28 0.571428571 62 

 
0.285591522 28 

 3390 14 0.571428571 62 
 

-0.49048516 86 
 1690 86 0.569767442 64 

 
-0.177319148 70 

 1730 71 0.563380282 65 
 

0.06968492 51 
 1100 111 0.54954955 66 

 
0.175575848 38 

 3070 28 0.535714286 67 
 

-0.044458845 58 
 3090 15 0.533333333 68 

 
-0.330351013 76 

 3380 29 0.517241379 69 
 

0.921262905 4 
 3550 49 0.489795918 70 

 
-1.184282207 101 

 1030 27 0.481481481 71 
 

0.386232718 23 
 1300 42 0.476190476 72 

 
0.34623796 25 

 3410 25 0.44 73 
 

-0.161902497 68 
 3420 14 0.428571429 74 

 
0.132054335 43 

 1080 12 0.416666667 75 
 

0.453304692 18 
 3030 12 0.416666667 75 

 
0.581798938 11 

 1650 97 0.371134021 77 
 

-0.275296784 73 
 1740 55 0.327272727 78 

 
0.102399329 47 

 3440 29 0.310344828 79 
 

0.405802856 22 
 1180 10 0.3 80 

 
-0.663761088 90 

 1210 55 0.290909091 81 
 

0.150809258 41 
 1040 15 0.266666667 82 

 
0.261225105 30 

 1330 24 0.25 83 
 

0.652803781 9 
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1140 43 0.23255814 84 
 

0.510421643 15 
 3430 28 0.214285714 85 

 
0.652876207 8 

 1110 29 0.206896552 86 
 

-1.305749876 103 
 1130 132 0.204545455 87 

 
-0.030573692 56 

 1170 40 0.2 88 
 

0.051529331 52 
 1190 119 0.18487395 89 

 
0.185623879 36 

 1150 11 0.181818182 90 
 

-0.14902602 66 
 1200 72 0.180555556 91 

 
-1.207827251 102 

 1610 43 0.162790698 92 
 

-0.032260003 57 
 1700 53 0.132075472 93 

 
0.415497455 21 

 1750 33 0.090909091 94 
 

-1.316687896 104 
 1760 13 0.076923077 95 

 
0.425856017 20 

 7510 19 0.052631579 96 
 

-0.48635946 85 
 7520 20 0.05 97 

 
-0.323161627 75 

 1670 30 0.033333333 98 
 

0.167895865 40 
 1160 161 0.02484472 99 

 
-0.116149263 65 

 8500 43 0.023255814 100 
 

0.457571568 17 
 1660 45 0.022222222 101 

 
0.462974908 16 

 1620 31 0 102 
 

-1.159325505 99 
 1630 26 0 102 

 
0.102028247 48 

 1640 13 0 102 
 

0.525458197 14 
 1710 30 0 102 

 
-0.009284042 55 

 1720 13 0 102 
 

-0.583942112 87 
 8510 21 0 102 

 
-0.081641868 60 

 8520 19 0 102 
 

0.047231444 53 
  

 
Table A.9: Ranked survey strata (STRATUM) using percent occurrence and median Q index 
calculated from river herring presence/absence and number of individuals, respectively, in spring 
research surveys. The number of survey tows (TOWS) by survey strata is provided. Survey strata 
with less than 10 survey tows were excluded from the analysis. Source: NMFS bottom-trawl 
surveys 1994-2008. 
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NMFS BTS Fall 1994-2008 
 

 
STRATUM TOWS 

Percent 
Occurrence Ranked   

Median Q 
Index Ranked 

 
 

3660 17 0.882352941 1 
 

1.539239575 2 
 

 
1390 43 0.813953488 2 

 
-0.837880357 85 

 
 

3590 10 0.8 3 
 

-0.36418973 70 
 

 
3600 17 0.705882353 4 

 
-0.254212876 67 

 
 

3610 22 0.545454545 5 
 

-0.130311289 59 
 

 
1351 27 0.518518519 6 

 
-0.871442581 87 

 
 

1340 73 0.479452055 7 
 

-1.122502735 95 
 

 
1400 23 0.47826087 8 

 
-0.47769524 74 

 
 

1330 31 0.419354839 9 
 

0.628904218 23 
 

 
1260 55 0.418181818 10 

 
0.161718192 43 

 
 

1380 70 0.414285714 11 
 

-1.163226259 98 
 

 
1270 61 0.360655738 12 

 
0.679963176 20 

 
 

1360 111 0.36036036 13 
 

-0.180664628 64 
 

 
1370 68 0.279411765 14 

 
0.450533597 30 

 
 

1280 99 0.181818182 15 
 

-0.949118092 92 
 

 
3060 13 0.153846154 16 

 
0.982187822 8 

 
 

1210 55 0.127272727 17 
 

0.0260233 51 
 

 
1230 68 0.117647059 18 

 
0.732832448 16 

 
 

3130 29 0.103448276 19 
 

-0.183321897 65 
 

 
1060 109 0.091743119 20 

 
-0.766634312 83 

 
 

7520 23 0.086956522 21 
 

0.228319336 39 
 

 
3030 12 0.083333333 22 

 
0.208084426 42 

 
 

3390 13 0.076923077 23 
 

2.00481621 1 
 

 
1290 105 0.076190476 24 

 
-0.14798711 60 

 
 

1130 133 0.07518797 25 
 

0.057655565 46 
 

 
1160 174 0.074712644 26 

 
-0.398668486 73 

 
 

3460 27 0.074074074 27 
 

-1.148320885 97 
 

 
3430 28 0.071428571 28 

 
0.779002499 14 

 
 

3040 30 0.066666667 29 
 

0.410669459 33 
 

 
3070 30 0.066666667 29 

 
1.100658507 6 

 
 

1100 111 0.063063063 31 
 

0.72119365 17 
 

 
1140 43 0.046511628 32 

 
0.893391581 11 

 
 

1090 69 0.043478261 33 
 

0.252457727 38 
 

 
3450 24 0.041666667 34 

 
-1.749463555 102 

 
 

7510 24 0.041666667 34 
 

0.029346272 50 
 

 
1220 54 0.037037037 36 

 
0.433906575 31 

 
 

1240 82 0.036585366 37 
 

-0.663612748 80 
 

 
3160 29 0.034482759 38 

 
0.267491304 37 
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3290 29 0.034482759 38 

 
0.429204943 32 

 
 

3280 31 0.032258065 40 
 

0.209718939 41 
 

 
1200 82 0.024390244 41 

 
-0.396090443 72 

 
 

1300 41 0.024390244 41 
 

0.281213419 36 
 

 
8500 43 0.023255814 43 

 
0.5263253 27 

 
 

1050 56 0.017857143 44 
 

0.95809196 9 
 

 
1690 86 0.011627907 45 

 
-0.072196593 54 

 
 

1020 99 0.01010101 46 
 

0.022067181 52 
 

 
1650 103 0.009708738 47 

 
0.631104762 22 

 
 

1010 100 0 48 
 

-0.930520742 90 
 

 
1030 27 0 48 

 
0.481330406 28 

 
 

1040 12 0 48 
 

0.685622787 19 
 

 
1070 26 0 48 

 
-0.160038135 62 

 
 

1080 12 0 48 
 

-0.073283889 55 
 

 
1110 27 0 48 

 
-0.865119542 86 

 
 

1120 10 0 48 
 

-0.665486325 81 
 

 
1150 13 0 48 

 
-1.997465415 103 

 
 

1170 40 0 48 
 

0.389130196 34 
 

 
1180 16 0 48 

 
0.674500102 21 

 
 

1190 106 0 48 
 

-0.902536708 88 
 

 
1250 38 0 48 

 
-0.148506179 61 

 
 

1610 44 0 48 
 

-0.176197876 63 
 

 
1620 31 0 48 

 
0.030680333 49 

 
 

1630 25 0 48 
 

0.225386874 40 
 

 
1660 44 0 48 

 
-1.016610625 93 

 
 

1670 23 0 48 
 

-0.597221192 77 
 

 
1700 59 0 48 

 
0.462273931 29 

 
 

1710 26 0 48 
 

0.915935105 10 
 

 
1730 74 0 48 

 
-1.100658507 94 

 
 

1740 58 0 48 
 

-0.523354539 76 
 

 
1750 25 0 48 

 
-0.203393041 66 

 
 

1760 10 0 48 
 

-0.096559642 58 
 

 
3020 27 0 48 

 
0.045925081 48 

 
 

3050 27 0 48 
 

0.718372769 18 
 

 
3080 27 0 48 

 
-1.281551566 99 

 
 

3090 14 0 48 
 

-0.936377457 91 
 

 
3100 27 0 48 

 
-0.677353304 82 

 
 

3110 29 0 48 
 

-0.382867268 71 
 

 
3140 25 0 48 

 
-0.036468129 53 

 
 

3150 10 0 48 
 

0.086702021 45 
 

 
3170 24 0 48 

 
0.529644281 26 

 
 

3180 13 0 48 
 

0.735856255 15 
 

 
3190 28 0 48 

 
1.009544967 7 
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3200 29 0 48 

 
-1.662834768 101 

 
 

3220 30 0 48 
 

-1.144354957 96 
 

 
3230 26 0 48 

 
-0.774676276 84 

 
 

3240 25 0 48 
 

-0.522490436 75 
 

 
3250 28 0 48 

 
-0.282700278 68 

 
 

3260 28 0 48 
 

-0.07919625 56 
 

 
3270 11 0 48 

 
0.049986821 47 

 
 

3300 12 0 48 
 

0.605502043 24 
 

 
3310 29 0 48 

 
0.826293052 13 

 
 

3320 27 0 48 
 

1.219666404 3 
 

 
3330 12 0 48 

 
-2.039499792 104 

 
 

3340 29 0 48 
 

-1.373650623 100 
 

 
3350 27 0 48 

 
-0.909053665 89 

 
 

3360 27 0 48 
 

-0.597500894 78 
 

 
3370 28 0 48 

 
-0.33121538 69 

 
 

3380 30 0 48 
 

-0.091198392 57 
 

 
3400 29 0 48 

 
0.121728316 44 

 
 

3410 29 0 48 
 

0.382052875 35 
 

 
3420 10 0 48 

 
0.571782999 25 

 
 

3440 29 0 48 
 

1.178106063 4 
 

 
3550 51 0 48 

 
-0.656184088 79 

 
 

8510 20 0 48 
 

0.863339047 12 
 

 
8520 21 0 48 

 
1.148320885 5 

  
 

Table A.10: Ranked survey strata (STRATUM) using percent occurrence and median Q index 
calculated from river herring presence/absence and number of individuals, respectively, in fall 
research surveys. The number of survey tows (TOWS) by survey strata is provided. Survey strata 
with less than 10 survey tows were excluded from the analysis. Source: NMFS bottom-trawl 
surveys 1994-2008. 
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Figures 
 

 

Figure A.1: Map of seasonal research surveys. Source: NMFS bottom-trawl surveys 1994-2008. 
 

Amendment 5 Volume III - Appendix III (A)



 

32 
 

 
Figure A.2: Map of research survey strata in the Gulf of Maine and Georges Bank. Source: NMFS 
2010. 
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Figure A.3: Map of research survey strata in the northern Mid-Atlantic Bight. Source: NMFS 2010. 
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Figure A.4: Map of research survey strata in the central Mid-Atlantic Bight. Source: NMFS 2010. 
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Figure A.5: Map of research survey strata in the southern Mid-Atlantic Bight. Source: NMFS 2010. 
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Figure A.6: Percent occurrence of river herring in winter research surveys by survey strata ranked 
from lowest to highest (top). Map of corresponding river herring percent occurrence by survey 
strata grouped by quantiles (bottom). Scaled pink circles represent river herring bycatch (lbs) in 
observed hauls and sets from quarter 1 directed herring trips. A "+" signifies that an observed 
haul or set did not catch river herring. Directed herring trips are defined as 2,000 lbs of kept 
Atlantic herring on a trip. Sources: NMFS bottom-trawl surveys 1994-2007 and NEFOP Database 
2005-2009. 
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Figure A.7: Percent occurrence of river herring in spring research surveys by survey strata ranked 
from lowest to highest (top). Map of corresponding river herring percent occurrence by survey 
strata grouped by quantiles (bottom). Scaled pink circles represent river herring bycatch (lbs) in 
observed hauls and sets from quarter 1 and 2 directed herring trips. A "+" signifies that an 
observed haul or set did not catch river herring. Directed herring trips are defined as 2,000 lbs of 
kept Atlantic herring on a trip. Sources: NMFS bottom-trawl surveys 1994-2008 and NEFOP 
Database 2005-2009. 
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Figure A.8: Percent occurrence of river herring in fall research surveys by survey strata ranked 
from lowest to highest (top). Map of corresponding river herring percent occurrence by survey 
strata grouped by quantiles (bottom). Scaled pink circles represent river herring bycatch (lbs) in 
observed hauls and sets from quarter 3 and 4 directed herring trips. A "+" signifies that an 
observed haul or set did not catch river herring. Directed herring trips are defined as 2,000 lbs of 
kept Atlantic herring on a trip. Sources: NMFS bottom-trawl surveys 1994-2008 and NEFOP 
Database 2005-2009. 
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Figure A.9: Median Q index of river herring in winter research surveys by statistical area ranked 
from lowest to highest (top). Map of corresponding river herring median Q index by statistical area 
grouped by quantiles (bottom). Scaled pink circles represent river herring bycatch (lbs) in 
observed hauls and sets from quarter 1 directed herring trips. A "+" signifies that an observed 
haul or set did not catch river herring. Directed herring trips are defined as 2,000 lbs of kept 
Atlantic herring on a trip. Sources: NMFS bottom-trawl surveys 1994-2007 and NEFOP Database 
2005-2009. 
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Figure A.10: Median Q index of river herring in spring research surveys by statistical area ranked 
from lowest to highest (top). Map of corresponding river herring median Q index by statistical area 
grouped by quantiles (bottom). Scaled pink circles represent river herring bycatch (lbs) in 
observed hauls and sets from quarter 1 and 2 directed herring trips. A "+" signifies that an 
observed haul or set did not catch river herring. Directed herring trips are defined as 2,000 lbs of 
kept Atlantic herring on a trip. Sources: NMFS bottom-trawl surveys 1994-2008 and NEFOP 
Database 2005-2009. 
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Figure A.11: Median Q index of river herring in fall research surveys by statistical area ranked 
from lowest to highest (top). Map of corresponding river herring median Q index by statistical area 
grouped by quantiles (bottom). Scaled pink circles represent river herring bycatch (lbs) in 
observed hauls and sets from quarter 3 and 4 directed herring trips. A "+" signifies that an 
observed haul or set did not catch river herring. Directed herring trips are defined as 2,000 lbs of 
kept Atlantic herring on a trip. Sources: NMFS bottom-trawl surveys 1994-2008 and NEFOP 
Database 2005-2009. 
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Figure A.12: Median Q index of river herring in winter research surveys by survey strata ranked 
from lowest to highest (top). Map of corresponding river herring median Q index by survey strata 
grouped by quantiles (bottom). Scaled pink circles represent river herring bycatch (lbs) in 
observed hauls and sets from quarter 1 directed herring trips. A "+" signifies that an observed 
haul or set did not catch river herring. Directed herring trips are defined as 2,000 lbs of kept 
Atlantic herring on a trip. Sources: NMFS bottom-trawl surveys 1994-2007 and NEFOP Database 
2005-2009. 
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Figure A.13: Median Q index of river herring in spring research surveys by survey strata ranked 
from lowest to highest (top). Map of corresponding river herring median Q index by survey strata 
grouped by quantiles (bottom). Scaled pink circles represent river herring bycatch (lbs) in 
observed hauls and sets from quarter 1 and 2 directed herring trips. A "+" signifies that an 
observed haul or set did not catch river herring. Directed herring trips are defined as 2,000 lbs of 
kept Atlantic herring on a trip. Sources: NMFS bottom-trawl surveys 1994-2008 and NEFOP 
Database 2005-2009. 
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Figure A.14: Median Q index of river herring in fall research surveys by survey strata ranked from 
lowest to highest (top). Map of corresponding river herring median Q index by survey strata 
grouped by quantiles (bottom). Scaled pink circles represent river herring bycatch (lbs) in 
observed hauls and sets from quarter 3 and 4 directed herring trips. A "+" signifies that an 
observed haul or set did not catch river herring. Directed herring trips are defined as 2,000 lbs of 
kept Atlantic herring on a trip. Sources: NMFS bottom-trawl surveys 1994-2008 and NEFOP 
Database 2005-2009. 
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Background 

 At its May 2010 meeting, the New England Fisheries Management Council 
Herring Oversight Committee (Committee) tasked the Plan Development Team (PDT) 
with identifying river herring hotspots as part of the analysis for Amendment 5 to the 
Atlantic Herring fishery management plan (FMP). Specifically, one of the objectives for 
Amendment 5 of the FMP is to address river herring bycatch in the Atlantic herring, 
Clupea harengus, fishery.  

 Here, the term "river herring" refers to alewife, Alosa pseudoharengus, and 
blueback herring, Alosa aestivalis. This analysis combines available data on both 
species to identify river herring hotspots. As recommended by the Committee at its July 
2010 meeting, the following is an update to the methods and analysis developed by the 
PDT to identify river herring hotspots. 

Study Area 

 The study area includes the Atlantic herring fishery management plan areas that 
overlap the Eastern US Continental shelf (Fig. 1). 

Datasets and Data Selection 

 Multiple data sources are used in this analysis to identify river herring hotspots at 
sea. These sources include fishery dependent (Vessel Trip Reports, VTR and Northeast 
Fishery Observer Program, NEFOP) and fishery independent (National Marine 
Fisheries Service, NMFS bottom-trawl surveys) datasets (Tables 1-3). The most recent 
5 years (2005-2009) of fishery dependent data and all years (1948-2008) of fishery 
independent are pooled separately by dataset in the analysis.  

 Data from directed herring trips were selected from VTR and NEFOP databases 
and grouped into bimonthly blocks (Tables 1 and 2). Here, directed herring trips were 
defined as 2,000 lbs of kept Atlantic herring on a trip. Data from other non-directed trips 
is not included in the analysis, but may become the scope of future examination. In 
addition, fishery dependent data included three broad gear categories: bottom otter-
trawl, purse seine, and mid-water trawl (combining single and pair mid-water trawls).  

 River herring data from observed directed herring trips (NEFOP) were 
presence/absence and weight (lbs) from each haul or set. Data from the Massachusetts 
Division of Marine Fisheries and the Maine Department of Marine Resources portside 
surveys were excluded because spatial information was not available for all years and 
all trips.  

 Selected river herring data from NMFS bottom-trawl surveys included 
presence/absence and the number of individuals found at each sampling location. 
Surveys were separated by season: winter, spring, summer and fall (Tables 3 and 4). 
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Methods 

Fishing Effort and River Herring Bycatch 

 To understand where and when the directed herring fishery operated throughout 
the fishing year, bimonthly maps and tables of the number of trips per statistical area 
were constructed using VTRs (Appendix Tables A1-A6 and Figs. A1-A6). Fishing effort 
was approximated by the number of trips within a statistical area. Bimonthly maps of 
fishing effort by statistical areas were color-coded from hot (red) to cool (blue) to identify 
fishing effort concentration areas.  

 These maps were overlaid with bimonthly NEFOP data on river herring bycatch 
events from observed hauls and sets. Circles of increasing size represent the 
magnitude of the bycatch event. These bycatch events were binned into circles of 
increasing size using all years and months combined and then mapped separately in 
bimonthly blocks.  

Survey Hotspots 

 Seasonal NMFS bottom-trawl surveys were used to identify river herring 
"hotspot" areas. Analyses for the winter, spring, summer and fall surveys were 
conducted separately using a quarter degree squares spatial stratification scheme. 
Greater than 10 tows per square were required for inclusion in the analysis. Squares 
with less than 10 tows were omitted from the analysis.  

 For each seasonal survey, two metrics were used to determine hotspots: 

 percent occurrence and 

 percent occurrence and catch in number (number of individuals).  

Percent occurrence. Within each square, percent occurrence was defined as the 
count of tows with river herring present divided by the total tows. For example if for a 
given area, the number of tows was 100, and out of those 100 tows 66 tows detected 
river herring. The percent occurrence for that area was 66%. The percent occurrence 
for each square was used for ranking. Maps of ranked squares were color-coded from 
hot (red) to cool (blue or purple) to identify river herring hotspot areas. 

Percent occurrence and catch in number. An algorithm defined hot spots based 
on the intersection of the set of squares above a selected quantile for percent 
occurrence and set of squares above a selected quantile of a summary statistic for river 
herring catch (number of individuals). Tows with no river herring catch were omitted 
from the analysis. For example, candidate hotspots can be defined using the 75th 
quantile of percent occurrence and 75th quantile of median catch in number. Candidate 
“hot spot” squares were identified as squares meeting the following criteria: 

 percent occurrence and mean catch in number ≥ the 75th quantiles of both 
variables 
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 percent occurrence and median catch in number ≥ the 75th quantiles of both 
variables 

 percent occurrence and catch in number ≥ the 75th quantiles of both variables. 

 Candidate squares were ranked using each metric and recorded in respective 
tables, plots and maps (Appendix Tables A7-A18, Figs. A7- A38). These candidate 
hotspots were overlaid with bimonthly directed fishing trips per statistical area (VTRs) 
and river herring bycatch from observed hauls and sets (NEFOP) based on the timing of 
the NMFS bottom-trawl surveys (Figs. 2-5, Table 4).  

Results 

Fishing Effort and River Herring Bycatch 

 Visual differences in the spatial and temporal distribution of directed herring trips 
were evident from maps of fishing effort (Appendix Figs. A1-A6). In general during the 
first six months of the year, fishing effort shifted from the northern Mid-Atlantic Bight and 
southern New England waters (January-February) to primarily southern New England 
waters (March-April), and then to the Gulf of Maine (May-June). Then, fishing effort 
concentrated in the Gulf of Maine and Georges Bank (July-August and September-
October), contracting to the Gulf of Maine and southern New England waters 
(November-December) at the end of the year. 

 Using NEFOP haul and set data, river herring bycatch events were inspected 
bimonthly (Appendix Figs. A1-A6). River herring bycatch events included areas in 
Ipswich Bay, off the back of Cape Cod, and in the northern Mid-Atlantic Bight (January-
February and March-April). River herring bycatch events occurred in the northern Gulf 
of Maine and off the back of Cape Cod (May- June). Bycatch events also included areas 
in the northern Gulf of Maine (July-August and September-October), Ipswich Bay 
(September-October and November-December), and Massachusetts Bay, the back of 
Cape Cod, south of Martha's Vineyard, and near Block Island (November-December). 

Survey Hotspots 

Results include river herring hotspot areas ranked in tables, plots, and maps: 

 percent occurrence (Appendix Figs. A31-A34) 

 percent occurrence and mean catch in number ≥ the 75th quantiles of both 
variables (Appendix Tables A7, A10, A13, A16,  and Figs. A7, A10, A13, A16, 
A19, A22, A25, A28, A35-A38)  

 percent occurrence and median catch in number ≥ the 75th quantiles of both 
variables (Appendix Tables A8, A11, A14, A17,  and Figs. A8, A11, A14, A17, 
A20, A23, A26, A29, A35-A38) 

 percent occurrence and catch in number ≥ the 75th quantiles of both variables 
(Appendix Tables A9, A12, A15, A18,  and Figs. A9, A12, A15, A18, A21, A24, 
A27, A30, A35-A38) 
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Each of these above combinations produced different hotspot maps, but there was 
substantial overlap among maps of candidate river herring hotspot areas (Appendix 
Figs. A35-A38 and Table 5). The number of identified candidate river herring hotspot 
areas also varied by identification method and season (Table 5).  

Fishing Effort, River Herring Bycatch, and Survey Hotspots 

Fishery Observer data, Vessel Trip Reports and seasonal candidate hotspots 
provide can be integrated at the bimonthly-quarter degree square resolution.  Fishery 
observer data can provide information on the distribution of observed river herring 
bycatch on a bimonthly-block basis for areas where the fishery is prosecuted.  VTR data 
can provide spatial distribution of fishing effort.  Note that the historic distribution of 
effort reflects locations where Atlantic herring and Atlantic mackerel can be caught.  
These target species may be available in other areas not currently fished because of 
regulations or economic considerations. Candidate hotspots are defined as bimonthly 
blocks combinations with high (≥75th quantile) of both percent occurrence and counts. 
The candidate spots provide information on the relative likelihood of encountering river 
herring for areas that have either little to no fishing effort or observer coverage.   The 
candidate hotspots can be useful for evaluating the likely impact of changing the spatial-
temporal distribution of fishing effort on reducing river herring bycatch. 

We provide an example of the integrative approach by overlaying candidate 
hotspots identified using blocks at or above the 75th quantiles of the median catch in 
number and percent occurrence with fishing effort and observed river herring bycatch 
(Figures 2-5).  We note that resolution finer than bimonthly and quarter degree square is 
not feasible. 

Additional Information 

 State by state migration patterns of alewife, blueback herring, and American 
shad, Alosa sapidissima, in state fresh waters are included for reference (Table A19). 
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 Tables

 

Table 1: Number of directed herring trips separated by gear, year and bimonthly 
groupings. Directed herring trips defined as 2,000 lbs of kept Atlantic herring on a trip. 
Gear categories include bottom otter-trawl (OT), purse seine (PS) and mid-water trawl 
(PR). Mid-water trawl (PR) refers to pair and single mid-water trawls. Source: Vessel 
Trip Report Database 2005-2009. 
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Table 2: Observed hauls from directed herring trips separated by gear, year and 
bimonthly groupings. Gear categories include bottom otter-trawl (OT), purse seine (PS) 
and mid-water trawl (PR). Mid-water trawl (PR) refers to pair and single mid-water 
trawls. Directed herring trips defined as 2,000 lbs of kept Atlantic herring on a trip. 
Source: NEFOP Database 2005-2009. 
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Table 3: Number of tows from seasonal research surveys separated by year and 
season. Source: NMFS bottom-trawl surveys 1948-2008. 
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Table 4: Number of tows from seasonal research surveys separated month, fishing 
quarter, and survey season. Note that spring and fall surveys overlap multiple fishing 
quarters. Source: NMFS bottom-trawl surveys 1948-2008. 

 

 

 

Table 5: Resulting number of candidate river herring hotspot areas by season. 
Candidate “hot spot” quarter degree squares identified as squares with percent 
occurrence and mean catch in number ≥ the 75th quantiles of both variables (mean), 
percent occurrence and median catch in number ≥ the 75th quantiles of both variables 
(median), and percent occurrence and catch in number ≥ the 75th quantiles of both 
variables (75th). Source: NMFS bottom-trawl surveys 1948-2008. 
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Figures 

 
 
Figure 1: Study area of the Eastern US Continental Shelf. Overlapping Atlantic herring 
fishery management plan areas (Area 1A, 1B, 2, and 3) and fisheries management 
statistical areas (400-700s) indicated. 
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Figure 2: Reported trips (VTR) and observed hauls and sets (NEFOP) during January 
and February, 2005-2009 for directed herring trips by bottom otter-trawls, purse seines, 
and mid-water trawls (single and paired). Trips by statistical area are grouped from 69-
247 (red), 6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled pink circles 
represent river herring bycatch (lbs) in observed hauls and sets for directed herring 
trips. A "+" signifies that an observed haul or set did not catch river herring. Directed 
herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Winter candidate 
river herring “hot spot” quarter degree squares identified as squares with percent 
occurrence and median catch in number ≥ the 75th quantiles of both variables (bold 
outlined quarter degree squares). Sources: VTR Database 2005-2009, NEFOP 
Database 2005-2009, and Winter 1963-2007 NMFS bottom-trawl surveys. 
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Figure 3: Reported trips (VTR) and observed hauls and sets (NEFOP) during March and 
April, 2005-2009 for directed herring trips by bottom otter-trawls, purse seines, and mid-
water trawls (single and paired). Trips by statistical area are grouped from 69-74 (red), 
6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled pink circles represent river 
herring bycatch (lbs) in observed hauls and sets for directed herring trips. A "+" signifies 
that an observed haul or set did not catch river herring. Directed herring trips are 
defined as 2,000 lbs of kept Atlantic herring on a trip. Spring candidate river herring “hot 
spot” quarter degree squares identified as squares with percent occurrence and median 
catch in number ≥ the 75th quantiles of both variables (bold outlined quarter degree 
squares). Sources: VTR Database 2005-2009, NEFOP Database 2005-2009, and 
Spring 1965-2008 NMFS bottom-trawl surveys. 
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Figure 4: Reported trips (VTR) and observed hauls and sets (NEFOP) during July and 
August, 2005-2009 for directed herring trips by bottom otter-trawls, purse seines, and 
mid-water trawls (single and paired). Trips by statistical area are grouped from 69-568 
(red), 6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled pink circles represent 
river herring bycatch (lbs) in observed hauls and sets for directed herring trips. A "+" 
signifies that an observed haul or set did not catch river herring. Directed herring trips 
are defined as 2,000 lbs of kept Atlantic herring on a trip. Summer candidate river 
herring “hot spot” quarter degree squares identified as squares with percent occurrence 
and median catch in number ≥ the 75th quantiles of both variables (bold outlined quarter 
degree squares). Sources: VTR Database 2005-2009, NEFOP Database 2005-2009, 
and Summer 1948-1995 NMFS bottom-trawl surveys. 
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Figure 5: Reported trips (VTR) and observed hauls and sets (NEFOP) during 
September and October, 2005-2009 for directed herring trips by bottom otter-trawls, 
purse seines, and mid-water trawls (single and paired). Trips by statistical area are 
grouped from 69-342(red), 6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled pink 
circles represent river herring bycatch (lbs) in observed hauls and sets for directed 
herring trips. A "+" signifies that an observed haul or set did not catch river herring. 
Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Fall 
candidate river herring “hot spot” quarter degree squares identified as squares with 
percent occurrence and median catch in number ≥ the 75th quantiles of both variables 
(bold outlined quarter degree squares). Sources: VTR Database 2005-2009, NEFOP 
Database 2005-2009, and Fall 1963-2008 NMFS bottom-trawl surveys. 
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Appendix 

Tables 

 

Table A1: Number of directed herring trips separated by gear and statistical area for 
January-February. Directed herring trips defined as 2,000 lbs of kept Atlantic herring on 
a trip. Gear categories include bottom otter-trawl (OT), purse seine (PS) and mid-water 
trawl (PR). Mid-water trawl (PR) refers to pair and single mid-water trawls. Source: 
Vessel Trip Report Database 2005-2009. 
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Table A2: Number of directed herring trips separated by gear and statistical area for 
March-April. Directed herring trips defined as 2,000 lbs of kept Atlantic herring on a trip. 
Gear categories include bottom otter-trawl (OT), purse seine (PS) and mid-water trawl 
(PR). Mid-water trawl (PR) refers to pair and single mid-water trawls. Source: Vessel 
Trip Report Database 2005-2009. 
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Table A3: Number of directed herring trips separated by gear and statistical area for 
May-June. Directed herring trips defined as 2,000 lbs of kept Atlantic herring on a trip. 
Gear categories include bottom otter-trawl (OT), purse seine (PS) and mid-water trawl 
(PR). Mid-water trawl (PR) refers to pair and single mid-water trawls. Source: Vessel 
Trip Report Database 2005-2009. 
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Table A4: Number of directed herring trips separated by gear and statistical area for 
July-August. Directed herring trips defined as 2,000 lbs of kept Atlantic herring on a trip. 
Gear categories include bottom otter-trawl (OT), purse seine (PS) and mid-water trawl 
(PR). Mid-water trawl (PR) refers to pair and single mid-water trawls. Source: Vessel 
Trip Report Database 2005-2009. 
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Table A5: Number of directed herring trips separated by gear and statistical area for 
September-October. Directed herring trips defined as 2,000 lbs of kept Atlantic herring 
on a trip. Gear categories include bottom otter-trawl (OT), purse seine (PS) and mid-
water trawl (PR). Mid-water trawl (PR) refers to pair and single mid-water trawls. 
Source: Vessel Trip Report Database 2005-2009. 
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Table A6: Number of directed herring trips separated by gear and statistical area for 
November-December. Directed herring trips defined as 2,000 lbs of kept Atlantic herring 
on a trip. Gear categories include bottom otter-trawl (OT), purse seine (PS) and mid-
water trawl (PR). Mid-water trawl (PR) refers to pair and single mid-water trawls. 
Source: Vessel Trip Report Database 2005-2009. 
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Table A7: Spring candidate “hot spot” quarter degree squares identified as squares with 
percent occurrence and mean catch in number ≥ the 75th quantiles of both variables. 
Source: Spring 1968-2008 NMFS bottom-trawl surveys. 
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Table A8: Spring candidate “hot spot” quarter degree squares identified as squares with 
percent occurrence and median catch in number ≥ the 75th quantiles of both variables. 
Source: Spring 1968-2008 NMFS bottom-trawl surveys. 
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Table A9: Spring candidate “hot spot” quarter degree squares identified as squares with 
percent occurrence and catch in number ≥ the 75th quantiles of both variables. Source: 
Spring 1968-2008 NMFS bottom-trawl surveys. 
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Table A10: Summer candidate “hot spot” quarter degree squares identified as squares 
with percent occurrence and mean catch in number ≥ the 75th quantiles of both 
variables. Source: Summer 1948-1995 NMFS bottom-trawl surveys. 

 

 

Table A11: Summer candidate “hot spot” quarter degree squares identified as squares 
with percent occurrence and median catch in number ≥ the 75th quantiles of both 
variables. Source: Summer 1948-1995 NMFS bottom-trawl surveys. 
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Table A12: Summer candidate “hot spot” quarter degree squares identified as squares 
with percent occurrence and catch in number ≥ the 75th quantiles of both variables. 
Source: Summer 1948-1995 NMFS bottom-trawl surveys. 
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Table A13: Fall candidate “hot spot” quarter degree squares identified as squares with 
percent occurrence and mean catch in number ≥ the 75th quantiles of both variables. 
Source: Fall 1963-2008 NMFS bottom-trawl surveys. 
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Table A14: Fall candidate “hot spot” quarter degree squares identified as squares with 
percent occurrence and median catch in number ≥ the 75th quantiles of both variables. 
Source: Fall 1963-2008 NMFS bottom-trawl surveys. 
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Table A15: Fall candidate “hot spot” quarter degree squares identified as squares with 
percent occurrence and catch in number ≥ the 75th quantiles of both variables. Source: 
Fall 1963-2008 NMFS bottom-trawl surveys. 

 

Amendment 5 Volume III - Appendix III (B)



29 
 

 

Table A16: Winter candidate “hot spot” quarter degree squares identified as squares 
with percent occurrence and mean catch in number ≥ the 75th quantiles of both 
variables. Source: Winter 1964-2007 NMFS bottom-trawl surveys. 

 

 

Table A17: Winter candidate “hot spot” quarter degree squares identified as squares 
with percent occurrence and median catch in number ≥ the 75th quantiles of both 
variables. Source: Winter 1964-2007 NMFS bottom-trawl surveys. 
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Table A18: Winter candidate “hot spot” quarter degree squares identified as squares 
with percent occurrence and catch in number ≥ the 75th quantiles of both variables. 
Source: Winter 1964-2007 NMFS bottom-trawl surveys. 

 

 

Table A19: Migration patterns of alewife, blueback, and American shad in state fresh 
waters (following three pages). Note that New Jersey is currently a place holder and will 
be updated. “SA” indicates some activity and “PA” indicates peak activity. ASMFC Shad 
and River herring Technical Committee 2010. 
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Figures 

 

Figure A1: Reported trips (VTR) and observed hauls and sets (NEFOP) during January 
and February, 2005-2009 for directed herring trips by bottom otter-trawls, purse seines, 
and mid-water trawls (single and paired). Trips by statistical area are grouped from 69-
247 (red), 6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled pink circles 
represent river herring bycatch (lbs) in observed hauls and sets for directed herring 
trips. A "+" signifies that an observed haul or set did not catch river herring. Directed 
herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Sources: VTR 
Database 2005-2009 and NEFOP Database 2005-2009. 
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Figure A2: Reported trips (VTR) and observed hauls and sets (NEFOP) during March 
and April, 2005-2009 for directed herring trips by bottom otter-trawls, purse seines, and 
mid-water trawls (single and paired). Trips by statistical area are grouped from 69-74 
(red), 6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled pink circles represent 
river herring bycatch (lbs) in observed hauls and sets for directed herring trips. A "+" 
signifies that an observed haul or set did not catch river herring. Directed herring trips 
are defined as 2,000 lbs of kept Atlantic herring on a trip. Sources: VTR Database 2005-
2009 and NEFOP Database 2005-2009. 
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Figure A3: Reported trips (VTR) and observed hauls and sets (NEFOP) during May and 
June, 2005-2009 for directed herring trips by bottom otter-trawls, purse seines, and mid-
water trawls (single and paired). Trips by statistical area are grouped from 69-398 (red), 
6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled pink circles represent river 
herring bycatch (lbs) in observed hauls and sets for directed herring trips. A "+" signifies 
that an observed haul or set did not catch river herring. Directed herring trips are 
defined as 2,000 lbs of kept Atlantic herring on a trip. Sources: VTR Database 2005-
2009 and NEFOP Database 2005-2009. 
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Figure A4: Reported trips (VTR) and observed hauls and sets (NEFOP) during July and 
August, 2005-2009 for directed herring trips by bottom otter-trawls, purse seines, and 
mid-water trawls (single and paired). Trips by statistical area are grouped from 69-568 
(red), 6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled pink circles represent 
river herring bycatch (lbs) in observed hauls and sets for directed herring trips. A "+" 
signifies that an observed haul or set did not catch river herring. Directed herring trips 
are defined as 2,000 lbs of kept Atlantic herring on a trip. Sources: VTR Database 2005-
2009 and NEFOP Database 2005-2009. 
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Figure A5: Reported trips (VTR) and observed hauls and sets (NEFOP) during 
September and October, 2005-2009 for directed herring trips by bottom otter-trawls, 
purse seines, and mid-water trawls (single and paired). Trips by statistical area are 
grouped from 69-342 (red), 6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled 
pink circles represent river herring bycatch (lbs) in observed hauls and sets for directed 
herring trips. A "+" signifies that an observed haul or set did not catch river herring. 
Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Sources: 
VTR Database 2005-2009 and NEFOP Database 2005-2009. 
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Figure A6: Reported trips (VTR) and observed hauls and sets (NEFOP) during 
November and December, 2005-2009 for directed herring trips by bottom otter-trawls, 
purse seines, and mid-water trawls (single and paired). Trips by statistical area are 
grouped from 69-133 (red), 6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled 
pink circles represent river herring bycatch (lbs) in observed hauls and sets for directed 
herring trips. A "+" signifies that an observed haul or set did not catch river herring. 
Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Sources: 
VTR Database 2005-2009 and NEFOP Database 2005-2009. 
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Figure A7: Spring quarter degree squares ranked by mean river herring catch (number 
of individuals +1). Note the logarithmic scale on the y-axis. Source: Spring 1968-2008 
NMFS bottom-trawl surveys. 

 

Figure A8: Spring quarter degree squares ranked by median river herring catch (number 
of individuals +1). Note the logarithmic scale on the y-axis. Source: Spring 1968-2008 
NMFS bottom-trawl surveys. 
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Figure A9: Spring quarter degree squares ranked by 75th quantile of river herring catch 
(number of individuals +1). Note the logarithmic scale on the y-axis. Source: Spring 
1968-2008 NMFS bottom-trawl surveys. 

 

Figure A10: Summer quarter degree squares ranked by mean river herring catch 
(number of individuals +1). Note the logarithmic scale on the y-axis. Source: Summer 
1948-1995 NMFS bottom-trawl surveys. 
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Figure A11: Summer quarter degree squares ranked by median river herring catch 
(number of individuals +1). Note the logarithmic scale on the y-axis. Source: Summer 
1948-1995 NMFS bottom-trawl surveys. 

 

Figure A12: Summer quarter degree squares ranked by 75th quantile of river herring 
catch (number of individuals +1). Note the logarithmic scale on the y-axis. Source: 
Summer 1948-1995 NMFS bottom-trawl surveys. 
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Figure A13: Fall quarter degree squares ranked by mean river herring catch (number of 
individuals +1). Note the logarithmic scale on the y-axis. Source: Fall 1963-2008 NMFS 
bottom-trawl surveys. 

 

Figure A14: Fall quarter degree squares ranked by median river herring catch (number 
of individuals +1). Note the logarithmic scale on the y-axis. Source: Fall 1963-2008 
NMFS bottom-trawl surveys. 
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Figure A15: Fall quarter degree squares ranked by 75th quantile of river herring catch 
(number of individuals +1). Note the logarithmic scale on the y-axis. Source: Fall 1963-
2008 NMFS bottom-trawl surveys. 

 

Figure A16: Winter quarter degree squares ranked by mean river herring catch (number 
of individuals +1). Note the logarithmic scale on the y-axis. Source: Winter 1964-2007 
NMFS bottom-trawl surveys. 
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Figure A17: Winter quarter degree squares ranked by median river herring catch 
(number of individuals +1). Note the logarithmic scale on the y-axis. Source: Winter 
1964-2007 NMFS bottom-trawl surveys. 

 

Figure A18: Winter quarter degree squares ranked by 75th quantile of river herring 
catch (number of individuals +1). Note the logarithmic scale on the y-axis. Source: 
Winter 1964-2007 NMFS bottom-trawl surveys. 
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Figure A19: Spring percent occurrence against mean catch in number for quarter 
degree square (dark blue circles).  Solid lines are 25th and 75th quantiles (red=percent 
occurrence, blue=mean catch in number.  Dashed lines are medians (red=percent 
occurrence, blue=mean catch in number.  Hot spots are defined as squares having 
percent occurrence and mean catch in number ≥ 75th quantiles for each variable. 
Source: Spring 1968-2008 NMFS bottom-trawl surveys. 
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Figure A20: Spring percent occurrence against median catch in number for quarter 
degree square (dark blue circles).  Solid lines are 25th and 75th quantiles (red=percent 
occurrence, blue=median catch in number.  Dashed lines are medians (red=percent 
occurrence, blue=median catch in number.  Hot spots are defined as squares having 
percent occurrence and median catch in number ≥ 75th quantiles for each variable. 
Source: Spring 1968-2008 NMFS bottom-trawl surveys. 
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Figure A21: Spring percent occurrence against 75th quantile of catch in number for 
quarter degree square (dark blue circles).  Solid lines are 25th and 75th quantiles 
(red=percent occurrence, blue=75th quantile of catch in number.  Dashed lines are 
medians (red=percent occurrence, blue=75th quantile of catch in number.  Hot spots are 
defined as squares having percent occurrence and 75th quantile of catch in number ≥ 
75th quantiles for each variable. Source: Spring 1968-2008 NMFS bottom-trawl 
surveys. 
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Figure A22: Summer percent occurrence against mean catch in number for quarter 
degree square (dark blue circles).  Solid lines are 25th and 75th quantiles (red=percent 
occurrence, blue=mean catch in number.  Dashed lines are medians (red=percent 
occurrence, blue=mean catch in number.  Hot spots are defined as squares having 
percent occurrence and mean catch in number ≥ 75th quantiles for each variable. 
Source: Summer 1948-1995 NMFS bottom-trawl surveys. 
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Figure A23: Summer percent occurrence against median catch in number for quarter 
degree square (dark blue circles).  Solid lines are 25th and 75th quantiles (red=percent 
occurrence, blue=median catch in number.  Dashed lines are medians (red=percent 
occurrence, blue=median catch in number.  Hot spots are defined as squares having 
percent occurrence and median catch in number ≥ 75th quantiles for each variable. 
Source: Summer 1948-1995 NMFS bottom-trawl surveys. 
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Figure A24: Summer percent occurrence against 75th quantile of catch in number for 
quarter degree square (dark blue circles).  Solid lines are 25th and 75th quantiles 
(red=percent occurrence, blue=75th quantile of catch in number.  Dashed lines are 
medians (red=percent occurrence, blue=75th quantile of catch in number.  Hot spots are 
defined as squares having percent occurrence and 75th quantile of catch in number ≥ 
75th quantiles for each variable. Source: Summer 1948-1995 NMFS bottom-trawl 
surveys. 
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Figure A25: Fall percent occurrence against mean catch in number for quarter degree 
square (dark blue circles).  Solid lines are 25th and 75th quantiles (red=percent 
occurrence, blue=mean catch in number.  Dashed lines are medians (red=percent 
occurrence, blue=mean catch in number.  Hot spots are defined as squares having 
percent occurrence and mean catch in number ≥ 75th quantiles for each variable. 
Source: Fall 1963-2008 NMFS bottom-trawl surveys. 
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Figure A26: Fall percent occurrence against median catch in number for quarter degree 
square (dark blue circles).  Solid lines are 25th and 75th quantiles (red=percent 
occurrence, blue=median catch in number.  Dashed lines are medians (red=percent 
occurrence, blue=median catch in number.  Hot spots are defined as squares having 
percent occurrence and median catch in number ≥ 75th quantiles for each variable. 
Source: Fall 1963-2008 NMFS bottom-trawl surveys. 
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Figure A27: Fall percent occurrence against 75th quantile of catch in number for quarter 
degree square (dark blue circles).  Solid lines are 25th and 75th quantiles (red=percent 
occurrence, blue=75th quantile of catch in number.  Dashed lines are medians 
(red=percent occurrence, blue=75th quantile of catch in number.  Hot spots are defined 
as squares having percent occurrence and 75th quantile of catch in number ≥ 75th 
quantiles for each variable. Source: Fall 1963-2008 NMFS bottom-trawl surveys. 
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Figure A28: Winter percent occurrence against mean catch in number for quarter 
degree square (dark blue circles).  Solid lines are 25th and 75th quantiles (red=percent 
occurrence, blue=mean catch in number.  Dashed lines are medians (red=percent 
occurrence, blue=mean catch in number.  Hot spots are defined as squares having 
percent occurrence and mean catch in number ≥ 75th quantiles for each variable. 
Source: Winter 1964-2007 NMFS bottom-trawl surveys. 
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Figure A29: Winter percent occurrence against median catch in number for quarter 
degree square (dark blue circles).  Solid lines are 25th and 75th quantiles (red=percent 
occurrence, blue=median catch in number.  Dashed lines are medians (red=percent 
occurrence, blue=median catch in number.  Hot spots are defined as squares having 
percent occurrence and median catch in number ≥ 75th quantiles for each variable. 
Source: Winter 1964-2007 NMFS bottom-trawl surveys. 
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Figure A30: Winter percent occurrence against 75th quantile of catch in number for 
quarter degree square (dark blue circles).  Solid lines are 25th and 75th quantiles 
(red=percent occurrence, blue=75th quantile of catch in number.  Dashed lines are 
medians (red=percent occurrence, blue=75th quantile of catch in number.  Hot spots are 
defined as squares having percent occurrence and 75th quantile of catch in number ≥ 
75th quantiles for each variable. Source: Winter 1964-2007 NMFS bottom-trawl 
surveys. 
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Figure A31: Percent occurrence of river herring in spring research surveys by statistical 
area ranked from lowest to highest (top). Map of corresponding river herring percent 
occurrence by quarter degree squares grouped from > 75% - 100% (red), > 50% - 75% 
(yellow), > 25% - 50% (aqua), > 0 - 25% (blue) and 0% (purple) (bottom). Source: 
Spring 1968-2008 NMFS bottom-trawl surveys. 
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Figure A32: Percent occurrence of river herring in summer research surveys by 
statistical area ranked from lowest to highest (top). Map of corresponding river herring 
percent occurrence by quarter degree squares grouped from > 75% - 100% (red), > 
50% - 75% (yellow), > 25% - 50% (aqua), > 0 - 25% (blue) and 0% (purple) (bottom). 
Source: Summer 1948-1995 NMFS bottom-trawl surveys. 
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Figure A33: Percent occurrence of river herring in fall research surveys by statistical 
area ranked from lowest to highest (top). Map of corresponding river herring percent 
occurrence by quarter degree squares grouped from > 75% - 100% (red), > 50% - 75% 
(yellow), > 25% - 50% (aqua), > 0 - 25% (blue) and 0% (purple) (bottom). Source: Fall 
1963-2008 NMFS bottom-trawl surveys. 
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Figure A34: Percent occurrence of river herring in winter research surveys by statistical 
area ranked from lowest to highest (top). Map of corresponding river herring percent 
occurrence by quarter degree squares grouped from > 75% - 100% (red), > 50% - 75% 
(yellow), > 25% - 50% (aqua), > 0 - 25% (blue) and 0% (purple) (bottom). Source: 
Winter 1964-2007 NMFS bottom-trawl surveys. 
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Figure A35: Spring candidate “hot spot” quarter degree squares identified as squares 
with percent occurrence and mean catch in number ≥ the 75th quantiles of both 
variables (yellow outlined squares), percent occurrence and median catch in number ≥ 
the 75th quantiles of both variables (red squares), and percent occurrence and catch in 
number ≥ the 75th quantiles of both variables (hatched squares). Source: Spring 1968-
2008 NMFS bottom-trawl surveys. 
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Figure A36: Summer candidate “hot spot” quarter degree squares identified as squares 
with percent occurrence and mean catch in number ≥ the 75th quantiles of both 
variables (yellow outlined squares), percent occurrence and median catch in number ≥ 
the 75th quantiles of both variables (red squares), and percent occurrence and catch in 
number ≥ the 75th quantiles of both variables (hatched squares). Source: Summer 
1948-1995 NMFS bottom-trawl surveys. 
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Figure A37: Fall candidate “hot spot” quarter degree squares identified as squares with 
percent occurrence and mean catch in number ≥ the 75th quantiles of both variables 
(yellow outlined squares), percent occurrence and median catch in number ≥ the 75th 
quantiles of both variables (red squares), and percent occurrence and catch in number 
≥ the 75th quantiles of both variables (hatched squares). Source: Fall 1963-2008 NMFS 
bottom-trawl surveys. 
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Figure A38: Winter candidate “hot spot” quarter degree squares identified as squares 
with percent occurrence and mean catch in number ≥ the 75th quantiles of both 
variables (yellow outlined squares), percent occurrence and median catch in number ≥ 
the 75th quantiles of both variables (red squares), and percent occurrence and catch in 
number ≥ the 75th quantiles of both variables (hatched squares). Source: Winter 1963-
2007 NMFS bottom-trawl surveys. 
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Table S1: Frequency table of river herring bycatch (lbs) in observed hauls and sets for 
directed herring trips by gear type and bimonthly blocks. Gear categories include bottom 
otter-trawls (OT), purse seines (PS), and mid-water trawls-single and paired (PR). 
Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Note this 
table corresponds with the scaled pink circles in Appendix Figs. A1-A6. Source: NEFOP 
Database 2005-2009. 
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Figure S1: Reported trips (VTR) and observed hauls and sets (NEFOP) during May and 
June, 2005-2009 for directed herring trips by bottom otter-trawls, purse seines, and mid-
water trawls (single and paired). Trips by statistical area are grouped from 69-398 (red), 
6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled pink circles represent river 
herring bycatch (lbs) in observed hauls and sets for directed herring trips. A "+" signifies 
that an observed haul or set did not catch river herring. Directed herring trips are 
defined as 2,000 lbs of kept Atlantic herring on a trip. Spring candidate river herring “hot 
spot” quarter degree squares identified as squares with percent occurrence and median 
catch in number ≥ the 75th quantiles of both variables (bold outlined quarter degree 
squares). Sources: VTR Database 2005-2009, NEFOP Database 2005-2009, and 
Spring 1965-2008 NMFS bottom-trawl surveys. 
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Figure S2: Reported trips (VTR) and observed hauls and sets (NEFOP) during 
November and December, 2005-2009 for directed herring trips by bottom otter-trawls, 
purse seines, and mid-water trawls (single and paired). Trips by statistical area are 
grouped from 69-133 (red), 6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled 
pink circles represent river herring bycatch (lbs) in observed hauls and sets for directed 
herring trips. A "+" signifies that an observed haul or set did not catch river herring. 
Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Fall 
candidate river herring “hot spot” quarter degree squares identified as squares with 
percent occurrence and median catch in number ≥ the 75th quantiles of both variables 
(bold outlined quarter degree squares). Sources: VTR Database 2005-2009, NEFOP 
Database 2005-2009, and Fall 1963-2008 NMFS bottom-trawl surveys. 
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Figure S3: Reported trips (VTR) and observed hauls and sets (NEFOP) during 
November and December, 2005-2009 for directed herring trips by bottom otter-trawls, 
purse seines, and mid-water trawls (single and paired). Trips by statistical area are 
grouped from 69-133 (red), 6-68 (yellow), 1-5 (aqua), and 0 (dark blue) trips. Scaled 
pink circles represent river herring bycatch (lbs) in observed hauls and sets for directed 
herring trips. A "+" signifies that an observed haul or set did not catch river herring. 
Directed herring trips are defined as 2,000 lbs of kept Atlantic herring on a trip. Winter 
candidate river herring “hot spot” quarter degree squares identified as squares with 
percent occurrence and median catch in number ≥ the 75th quantiles of both variables 
(bold outlined quarter degree squares). Sources: VTR Database 2005-2009, NEFOP 
Database 2005-2009, and Winter 1963-2007 NMFS bottom-trawl surveys. 
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Purpose 

The current Atlantic Herring Fishery Management Plan (FMP) Amendment 5 (A5) draft 
discussion document contains several management alternatives to address river herring (alewife, 
Alosa pseudoharengus, and blueback herring, Alosa aestivalis) bycatch in the directed Atlantic 
herring, Clupea harengus, fishery (NEFMC 2010). The management alternatives under 
consideration include 100% monitoring, Closed Area I provisions, a move-along rule, 
implementing the Sustainable Fisheries Coalition (SFC) project through a Framework 
Adjustment (FW), and closed areas. Several of these alternatives have sub-options based on 
100% or less than 100% observer coverage. These alternatives would apply in bimonthly river 
herring hotspots using a two-stage approach, based on three hotspot configuration options from 
fishery (stage 1) and research survey hotspots (stage 2). Recently, the Plan Development Team 
(PDT) has been encouraged to streamline the river herring hotspot analysis (Cournane and 
Correia 2010a-c).  

Spatial Management Alternatives to Address River Herring Bycatch 

In general, the management alternatives fall under three broad management goals: monitoring, 
avoidance, and protection. These three management goals can be linked to the design of spatial 
management alternatives (Table 1). Here in the proposed framework, the existing A5 
management “alternatives” become management “options” under the spatial management 
alternatives. 

Management Goal Spatial Management Alternative Management Option 
Monitoring 1. River Herring Monitoring Areas A.100% monitoring 

B. Closed Area I provisions 
Avoidance 2. River Herring Avoidance Areas A. Move-along rule 

B. SFC project/FW 
adjustment 

Protection 3. River Herring Protected Areas A. Closed areas 
Table 1: Reframing A5 management “alternatives” as management “options” under spatial management 
alternatives linked to specific management goals. 

Goal 

Here, the goal is to design spatial management alternatives to address river herring bycatch in the 
directed Atlantic herring fishery that are ecologically based, simple to understand, and 
enforceable. The alternatives should also link directly to the management measures under 
consideration in A5. 

Design Considerations 

Depending on the management goal, configurations for spatial management alternatives might 
include using existing Atlantic Herring FMP management areas, Fisheries Statistical Areas, 
extending the timing of the inshore Atlantic Herring spawning closure, or creating new spatial 
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management areas. However, spatial management alternatives should be based on the river 
herring hotspot analysis, maintaining the bimonthly stratification. Selection of areas for inclusion 
should focus on the fishery hotspots, but also consider the survey hotspots based on management 
goals. Therefore, creating new spatial management areas based on fisheries encounters with river 
herring and the expected distribution of river herring should be the focus.  

The size and the shape of the spatial management alternatives should reflect the management 
goals. In general, the size of a river herring monitoring or avoidance area might be greater than a 
river herring protected area. In addition, contiguous areas might be preferred to several 
disconnected discrete areas to achieve monitoring or avoidance goals.  

Example Configurations 

The following bimonthly maps display possible spatial management alternatives linked to 
specific management goals to address river herring bycatch in the Atlantic Herring Fishery 
(Figures 1-12). Table 2 summarizes the design elements of the possible spatial management 
alternatives. In addition, possible river herring monitoring areas were scaled up to the level of 
statistical areas for reference (Figures 1-6). 

Spatial Management Alternative Stage 1 Hotspots Stage 2 Hotspots Figures 
River Herring Monitoring Areas > 40 lbs  YES 1- 6 
River Herring Avoidance Areas > 40 lbs NO 7- 12 
River Herring Protected Areas > 1233 lbs NO 13- 16 

Table 1: Example design of possible spatial management alternatives using the river herring hotspot analysis. 
Stage 1 (fishery) hotspots are identified as quarter-degree squares within a bimonthly block with at least one 
river herring encounter in the directed Atlantic herring fishery greater than the specified threshold level 
(here 40 lbs or 1233 lbs), based on observer data. Stage 2 (survey) hotspots are identified as quarter-degree 
squares within a seasonal survey with relative high percent occurrence and high catch of river herring, based 
on NMFS bottom-trawl surveys. 
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Figure 1: River herring monitoring areas alternative, January- February. 

 

 

 

Figure 2: River herring monitoring areas alternative, March- April. 
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Figure 3: River herring monitoring areas alternative, May- June. 

 

 

 

Figure 4: River herring monitoring areas alternative, July- August. 
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Figure 5: River herring monitoring areas alternative, September- October. 

 

 

 

Figure 6: River herring monitoring areas alternative, November- December. 
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Figure 7: River herring avoidance areas alternative, January- February. 

 

 

 

Figure 8: River herring avoidance areas alternative, March- April. 
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Figure 9: River herring avoidance areas alternative, May- June. 

 

 

 

Figure 10: River herring avoidance areas alternative, July- August. 

Amendment 5 Volume III - Appendix III (D)



 

9 
 

 

Figure 11: River herring avoidance areas alternative, September- October. 

 

 

 

Figure 12: River herring avoidance areas alternative, November- December. 
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Figure 13: River herring protected areas alternative, January- February. 

 

 

 

Figure 14: River herring protected areas alternative, March- April. 
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Figure 15: River herring protected areas alternative, September- October. 

 

 

 

Figure 16: River herring protected areas alternative, November- December. 
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Background  

 
At its September 2010 meeting, the New England Fishery Management Council (NEFMC) 
passed a motion for the Herring Oversight Committee (OC) to develop catch cap options for 
river herring (alewife, Alosa pseudoharengus, and blueback herring, Alosa aestivalis) in 
Amendment 5 (A5) to the Atlantic Herring Fishery Management Plan (FMP). Since that 
meeting, the Plan Development Team (PDT) has analyzed river herring removals for the OC to 
consider when developing river herring catch cap options for the directed Atlantic herring, 
Clupea harengus, fishery. The following is a summary of analysis developed by the PDT. 
 
Previous Estimations of River Herring Removals 

Two recent studies estimated river herring removals by New England and Mid-Atlantic fisheries. 
Table 1 summarizes the general findings from these studies. Cieri et al. (2008) found that river 
herring bycatch (kept and discarded) in the directed herring fishery was highest in late fall and 
winter. Overall, the highest bycatch was for single and paired mid-water trawl gears. They noted 
that Atlantic herring, Atlantic mackerel (Scomber scombrus), and river herring mix as they 
migrate around Cape Cod to their overwintering grounds south of Block Island. Wigley et al. 
(2009) concluded that river herring discards were greatest in the New England small mesh otter 
trawl fleet and to a lesser extent in New England shrimp trawl, New England large mesh trawl 
and Mid-Atlantic small mesh otter trawl fleets. They noted that the number of observed gillnet 
trips was low and difficulty estimating discards in high volume fisheries likely impacted the 
results.  

Year Fishery Estimation Removals of River 
Herring (lbs) 

Coefficient 
of Variation 

Authors 

2005 Directed Atlantic 
Herring 

Kept + 
Discards 

285,833 60% Cieri et al. 2008 

2006 Directed Atlantic 
Herring 

Kept + 
Discards 

171,973 60% Cieri et al. 2008 

2007 Directed Atlantic 
Herring 

Kept + 
Discards 

1,686,617  50% Cieri et al. 2008 

June 2008-
July 2009 

All fisheries with river 
herring discards 

Discards  106,455 149% Wigley et al. 2009 

Table 1: Comparison of recent studies to estimate river herring removals at sea.  

Catch Cap Relative to Catch History 

In the absence of an assessment for river herring, one alternative is to set a catch cap relative to 
recent river herring catches in the directed Atlantic herring fishery. The first step in this process 
is to obtain the best possible estimate of river herring removals, both kept and discarded, by the 
directed Atlantic herring fishery. Here, directed Atlantic herring trips were defined as those 
which kept or landed in excess of 2,000 lbs of Atlantic herring.  
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Methods 

Data Selection. Northeast Fishery Observer Program (NEFOP) data and Vessel Trip Reports 
(VTRs) from 2005-2009 directed Atlantic Herring trips were selected for this analysis, similar to 
the data selected for the river herring hotspot analysis. Although other data sources were 
considered (e.g., dealer data, portside sampling), these alternatives were subject to shortcomings 
that would likely lead to biased and imprecise estimates of river herring bycatch, which made 
them less favorable to the use of NEFOP and VTR data.  Alewife and blueback herring are 
combined in the analysis because species identification is difficult and the portside project did 
not distinguish between species until 2006. Furthermore, 2009 data was robust when compared 
with other sampling years because of improvements in the pelagic fisheries observing programs 
and higher coverage rates by gear type.   

Stratification. For this analysis, trip data from the NEFOP and VTRs were grouped into year, 
half-year (Jan-June and July-Dec), area, and gear type. Three broad gear categories were used 
that included bottom trawls, mid-water trawls (single and paired), and purse seines. Areas were 
defined as Gulf of Maine (GOM), Cape Cod (CC), and Southern New England (SNE). These 
areas represent the major locations where the directed Atlantic herring fishery occurs and loosely 
follow the Fishery Management Plan area boundaries for Atlantic herring (Figure 1). Groupings 
with less than three observer trips were omitted from the analysis (Table 2). 

 

Figure 1: Atlantic Herring Fishery Management Plan management areas and statistical areas. River herring 
removals spatial stratification areas were defined as Gulf of Maine (GOM), Cape Cod (CC), and Southern 
New England (SNE). 
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Table 2: Sampling coverage by year, gear type and area.  Top panel: count of sampled trips.  Middle panel: 
count of trips landing Atlantic herring. Bottom panel: percent coverage. Cells with less than 3 observed trips 
were not used in estimation. CC is Cape Cod, GOM is Gulf of Maine, SNE is Southern New England, BT is 
bottom trawl, MWT is paired and single midwater trawl, and PS is Purse Seine. 
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Challenges Linking Fishery Datasets 

Trips observed at-sea (NEFOP) were linked to the VTR database by the VTR serial number as 
recorded by the at-sea observer.  This poses difficulties when a vessel fishes in more than one 
statistical reporting area on a single trip because recording protocols differ between at-sea 
observer reports and VTRs.  According to regulations, the vessel’s captain is required to fill out a 
separate VTR log when crossing statistical area boundaries during a trip.  However, at-sea 
observers do not fill out a separate trip report to coincide with the new VTR log.  Instead, at-sea 
observers link records using the VTR serial number from the 1st VTR log.  

A comparison of Atlantic herring catches as reported by observer reports and VTRs suggest that 
substantial differences occur between the two reporting systems (Appendices A and B). Some of 
the differences between observer reports and VTRs in this dataset could be explained by these 
reporting requirements if vessels fished in more than 1 statistical area on a trip.  The direction of 
the bias would lower captain’s hail weight for Atlantic herring compared to observer record for a 
given trip.  Other differences can be attributed to the handling of pair-trawls, especially in the 
early years of the time-series. Further analysis can be found in Appendix A and B. 

Calculations. Two methods were used to examine and estimate river herring removals from the 
directed Atlantic herring fishery. Both methods are based on the Standard Bycatch Reporting 
Methodology (SBRM) amendment (2007). In general, Method 1 uses the ratio of river herring to 
Atlantic herring for the expansion, while Method 2 extrapolates to the trip level by using the 
mean discard level per trip. 

Method 1. Following Lohr (1999) and Cieri et al (2007), the ratio estimate (R) for each grouping 
was calculated using the form:  

∑
∑

=
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where rg,i is the observed river herring bycatch (pounds) from trip i in grouping  g  and Ag,i is the 
Atlantic herring landings (pounds) for trip i in grouping  g.  
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Its variance is estimated by: 
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where nS is the number of observer observations and Ag bar is the mean of Atlantic herring 
observer landings for grouping g. 

Total river herring bycatch (D) for each grouping was calculated as:  

    gg
g KRD ⋅= ˆ^

 

where Kg is the total Atlantic herring catch/landings from grouping  g (year, quarter, area, and 
gear type). 

The variance Var(Dg) was estimated by: 

    ggg
LRDVar ⋅= )ˆvar()(  

Because estimates across gear types were desired within the groupings, estimates by gear type 
were combined by strata, defined as area, half year, and year.  

Therefore the sum of the river herring removals were: 

∑= Ggs DD
^^

 

Where D(hat)S is the total river herring removed within a half year, year, area stratum and 
D(hat)Gg is the river herring removals by gear type within a grouping. 

As such the combined variance was calculated as:  

∑= )()(
GgS

DVarDVar
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Landings and catch data were generated by querying the NMFS VTR database for targeted trips 
(landed more than 2,000 lbs of Atlantic herring). This database gives location, date, time, and 
gear type used. Generally catch and landings are interchangeable for Atlantic herring as the 
reports of discards in the VTRs are small. 

Method 2. Because of concerns about the previous method, a second method was used to 
examine and estimate river herring removals from the directed Atlantic herring fishery 
(Appendices A and B). Here the NEFOP and VTR data were grouped as before, where groupings 
consisted of gear, half years, years, and areas. To estimate river herring removals the Simple 
Expansion Method was used (SBRM 5.4.2.3. Simple Expansion Method: mean discard per trip, 
pp 143) 

As such, river herring removals by groupings were calculated as: 
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Where Dg is the removals of river herring in a grouping (half year, year, area and gear) Ng is the 
total trips from the VTR for that grouping, dig is the observed removals of river herring on trip i 
in grouping g and n is the total observed trips in that grouping.  

Because estimates across gear types were desired within the groupings estimates by gear type 
were combined within a strata, defined as area, half year, and year.  

As before the sum of the river herring removals were: 

∑= Ggs DD
^^

 

Where D(hat)S is the total river herring removed within a half year, year, area stratum and 
D(hat)Gg is the river herring removals by gear type within a strata. 
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Variance was calculated using a derivation of the SBRM equation 19 to produce a variance 
estimate for each half year, year, and area stratum: 
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Where Ng is the number of VTR trips in a grouping dig is the observed removals of river herring 
in trip i by gear type, area, half year, and year, and ng is the observed trips in the grouping. 

After consideration of percentage coverage by grouping (see Table 2), it was decided to collapse 
the half year estimates to the full year estimates, allowing for the use of observed trip by area, 
gear and year across both half years. This produced fewer dropped strata and more robust sample 
sizes (Table 2). As such, both methods outlined above were repeated with gear, area, and year 
groupings and subsequent area, year strata.  For convenience error is expressed as CV of the 
stratum as calculated by: 

( )
D

CV
s

DVar s

S ^

^
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Results from Method 1 and Method 2 are given in Tables 3 and 4 and Figure 2 for full years and 
Tables 5 and 6 and Figure 3 for half years.  

Estimates of River Herring Removals 

As can be seen by the tables and figures, in general the Cape Cod (CC) area and the Gulf of 
Maine (GOM) had lower removals of river herring when compared to Southern New England 
(SNE). Also both CC and GOM had similar removal levels of river herring by the directed 
herring fleet (Tables 3-6 and Figures 2-3). 

The variability, both between methods and among years, makes comparison of historical 
removals by area less meaningful then other fisheries. For example, using Method 2, median 
removals in CC were approximately 15% of the SNE removals. However, the yearly removals 
for CC (2005-2009) ranged from 0 to 1.5 million lbs while the range for SNE was from 170 to 
730 thousand lbs using Method 1. Likewise in 2006 for SNE, Method 1 and Method 2 differ by 
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almost 150,000 lbs or 50%. A statistical comparison of the results from Method 1 and Method 2 
can be found in Appendix C. 

 

 

 

Table 3: Estimates of river herring catch in 000’s lb ( ± 2 Standard errors) by year and area.   Estimates 
made using Method 1 with gear, area and year as strata. CC is Cape Cod, GOM is Gulf of Maine, and SNE is 
Southern New England 

 

 

Table 4: Estimates of river herring catch in 000’s lb ( ± 2 Standard errors) by year and area.   Estimates 
made using Method 2 with gear, area and year as strata. CC is Cape Cod, GOM is Gulf of Maine, and SNE is 
Southern New England 
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Table 5: Estimates of river herring catch in 000’s lb (X ± 2 Standard errors) by half year (Jan-June and July-
Dec) and area.   Estimates made using Method 1 with gear, area and half year as strata.  Cells with estimates= 
0 and blank SE indicate that river herring were not found any sampled catch. CC is Cape Cod, GOM is Gulf 
of Maine, and SNE is Southern New England. 

 

 

Table 6: Estimates of river herring catch in 000’s lb (X ± 2 Standard errors) by half year (Jan-June and July-
Dec) and area.   Estimates made using Method 2 with gear, area and half year as strata.  Cells with estimates= 
0 and blank SE indicate that river herring were not found any sampled catch. CC is Cape Cod, GOM is Gulf 
of Maine, and SNE is Southern New England. 
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Estimated river herring bycatch
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Figure 2: Estimates of river herring catch (000’s lb) by method, area and year.  Error bars are total catch ± 2 
standard errors.  Red line is the median of estimates within a panel.  Gray line = 0.  Both methods used gear, 
area and year as strata.  CC is Cape Cod, GOM is Gulf of Maine, SNE is Southern New England. 
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Figure 3: Estimates of River herring catch by method and area and year using half years as strata. Error 
bars are total  catch ± 2 standard errors.  Red line is the median of estimates within a panel.   Both methods 
used gear, area and year as strata.  CC is Cape Cod, GOM is Gulf of Maine, SNE is Southern New England. 
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Comparison of Mid-Water and Bottom-Trawl River Herring Removals 

The directed Atlantic herring bottom-trawl fleet removes a relatively large amount of river 
herring given their low Atlantic herring landings; far higher than the mid-water trawl fishery per 
pound of Atlantic herring landed.  Combined across years, the directed bottom-trawl fishery has 
removed an estimated 1.2 million lbs or approximately 48% of the total estimated removals by 
the total directed Atlantic herring fishery in the SNE area from 2005-2009 (Figure 4). In some 
years, removals can exceed those of the directed mid-water trawl fleet in this area by almost 4 
fold.  This level of removals of river herring is relatively large given that the directed bottom-
trawl fishery for Atlantic herring only accounts for approximately 16% of the total catch of 
Atlantic herring in this management area. Despite this high removal rate, at-sea sampling of this 
fishery is particularly low when compared to other gears fishery wide. 

 

Figure 4: Comparison of river herring removals in 000’s lb by bottom-trawl (BT) and mid-water trawl 
(MWT) gears in Southern New England. Error bars represent two standard deviations. 

Conclusion 

Our estimates of river herring removals have high uncertainty. Sampling by year, gear and area 
is not complete and missing strata exist in the dataset across years.  The distribution of river 
herring catch has high variability and strata sample sizes are generally low.  Finally, our estimate 
of uncertainty is likely to be underestimated because within trip variation of river herring catch is 
not propagated into the variation of the total catch estimate.  Separating the strata into seasonal-
area groups exacerbates the missing strata problems. 
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The non-sampling component of inter-annual variation for river herring catch can also include 
population dynamics such as year-class strength and population size, oceanographic conditions, 
and distribution of Atlantic herring fishing effort.  The time series is currently too short to 
investigate whether these factors impact river herring catch in the Atlantic herring fishery. River 
herring do not currently have a stock assessment, thus the removal cap cannot be related to the 
river herring population.  The cap only functions to prevent future river herring catch from 
exceeding recent catches. If river herring populations decline, then the cap may be too high for 
the river herring population.  If a strong year-class is produced, then the cap may be set too low 
relative to the river herring population size, prematurely closing the Atlantic herring fishery.         

The PDT has high confidence in describing times and locations where river herring bycatch has 
occurred in the directed Atlantic herring fishery.  This information can be used to develop 
management plans to reduce the river herring interactions with the Atlantic herring fishery, 
without the need for defining a cap or estimating river herring bycatch within season.   

In addition for reference, possible approaches to setting a catch cap and how a catch cap might 
interaction with other measures in A5 are explored in Appendix D and E, respectively. 

PDT Consensus Statement 

Given the variability, uncertainty, and challenges associated with sampling the Atlantic 
herring fishery, the Herring PDT cannot generate a precise enough estimate of river 
herring catch on which to base a cap.  There may be some utility in applying a river 
herring catch estimate to trigger increased monitoring or other management approaches.  
However, the Herring PDT does not recommend developing quota-based approaches to 
river herring bycatch management in Amendment 5.  Expected improvements to the catch 
monitoring program in Amendment 5 and completion of the forthcoming river herring 
stock assessment by ASMFC may create the necessary link between the cap and some 
measure of river herring stock status or reference point, as well as the mechanisms to 
monitor a cap.  Other management approaches under consideration in this amendment 
(catch monitoring and hotspot alternatives) are more appropriate to consider at this time 
to address bycatch to the extent practicable. 
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Appendix A 

Comparison of observer estimates and VTR estimates for river herring and  

Atlantic herring catches for 2006-2009 

Prepared for the Herring PDT 

By 

Steven J. Correia 

Massachusetts Division of Marine Fisheries 

December 15, 2010 

 

The Atlantic Herring PDT asked whether the amount of river herring catch was correlated with 
Atlantic herring catch.  

Data 

Dataset consists of 158 trips that had both observer estimates and VTR estimates of herring catch 
(Table A1).  Data were provided by Matthew Cieri in excel spreadsheet 
OBD_HER_VTR_link2.xls dated 11.18.2010.  Trips were selected as having 2,000 lb or more of 
kept Atlantic herring and were sea sampled by the NEFOP. Two trips were deleted that had 
observer data but no herring landings reported in the VTR.   Trips were selected as having 2,000 
lb or more of Atlantic herring and were sea sampled by the NEFOP. 

Trips observed at-sea were linked to the Vessel Trip Report (VTR) database by the VTR serial 
number as recorded by the at-sea observer.  According to regulations, the vessel’s captain is 
required to fill out a separate VTR log when crossing statistical area boundaries during a trip.  
However, at-sea observers do not fill out a separate trip report to coincide with the new VTR log.  
Instead, at-sea observers link records using the VTR serial number from the 1st VTR log.  Some 
of the differences between observer and VTR report in this dataset could be explained by 
differences in reporting requirements if vessels fished in more than 1 statistical area on a trip.  
The direction of the bias would lower captain’s hail weight for Atlantic herring compared to 
observer record for a given trip. 

Another issue occurs in matching records for paired trawls.  In some cases observers are on one 
or both vessels, particularly early in the time series.  In addition, vessels often pair with multiple 
vessels within a trip. This can contribute to discordance between observer and VTR records.   

Amendment 5 Volume III - Appendix IV



   

16 
 

 

Relationship between Atlantic herring catch and river herring catch 

Plots of river herring catch against observer reported and VTR reported Atlantic herring catch by 
trip are shown in Figures A1-A2.   Data pairs with no reported river herring were excluded from 
the dataset because the zero river herring could represent a time-area combination when river 
herring are not available to the gear.   

The magnitude of river herring catch appears to be independent of the magnitude of the Atlantic 
herring catch (measured by either observer reports or VTR) over much of the bivariate 
distribution (Figures A3-A4).   Catches appear related at the lowest quantiles (0.05-0.10) of 
Atlantic herring and river herring bivariate distribution, but the bulk of the distribution shows no 
relationship between amount of river herring and Atlantic herring. 

I tested for correlation using Pearson product moment correlation coefficient and Kendal’s Tau 
on the arithmetic and log10 transformed data.  Correlation between river herring and Atlantic 
herring was not significant on the arithmetic scale for either the VTR or observer estimates.  
Pearson product-moment correlation coefficients were low but statistically significant on the log 
transformed data (Table A2).  These correlations are highly influenced by the linear relationship 
near the low end of the distributions (< 10th quantiles).  Correlations were not significant based 
on Kendal rank correlation method.   

Conclusions 

The correlation between river herring and Atlantic herring are weak, and the magnitude of 
catches is unrelated over most of the bivariate distribution using either VTR or observer 
estimates of Atlantic herring.   The PDT should consider alternative estimation methods such as 
estimating catch per trip and expanding catch within strata by number of trips rather than 
expanding by Atlantic herring catch.  
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Table A1.   Number of trips by gear type, year and statistical reporting area for trips with observed river 
herring catch.   Empty cells indicate that statistical reporting area not sampled, zero’s indicate that sampling 
occurred but river herring was not observed any sampled trip.  
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Table A2.   Summary statistics for test of correlation between amount of River herring in trip (log10 lb) and 
the amount of Atlantic herring (log10 lb) in trip as reported by observer or VTR. All gear types and years 
combined.   Number of pairs is 105. 
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Figure A1.   Scatterplot of river herring catch on Atlantic herring catch as reported by at sea observers.  Top 
plot: arithmetic scales, bottom plot: logarithmic scales. Gray lines are 25th, 50th and 75th quantiles.   Red line 
is loess fit with span=0.6 and degree=1.   
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Figure A2.  Scatterplot of river herring catch on Atlantic herring catch as reported in VTR.  Top plot: 
arithmetic scales, bottom plot: logarithmic scales. Gray lines are 25th, 50th and 75th quantiles.   Red line is 
loess fit with span=0.6 and degree=1.  
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Figure A3.  Bagplot of Log10 observed River herring catch against log10 Observer reported Atlantic herring 
catch.   Red asterisk is location of  bivariate median.  Inner dark circle is middle 50% bivariate data with the 
greatest depth. The outer bag is 3X expansion of inner bag.   

 

 
Figure A4.  Bagplot of Log10 observed River herring catch against log10 VTR reported Atlantic herring 
catch.   Red asterisk is location of  bivariate median.  Inner dark circle is middle 50% bivariate data with the 
greatest depth. The outer bag is 3X expansion of inner bag.  Red points are considered “outside” values.  
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Appendix B 

Comparison of observer estimates and VTR estimates for Atlantic herring for 2006-2009 

Prepared for the Herring PDT 

By 

Steven J. Correia 

Massachusetts Division of Marine Fisheries 

December 15, 2010 

 

The Atlantic Herring PDT is tasked with developing a river herring catch cap.  This may require 
estimating river herring catch in recent years in order to provide a benchmark for setting a river 
herring cap.  Raising the estimate of river herring catch at various strata (gear, area, and season) 
to the total will likely require the use of either observer reported or VTR reported catch.  I 
provide some summary statistics on the difference between observer reported and VTR herring 
catch by gear, year and statistical reporting area.  Summary statistics are also provided for the 
ratio of observer to VTR reported catch. 

Data 

Dataset consists of 158 trips that had both observer estimates and VTR estimates of herring catch 
(Table B1).  Data were provided by Matthew Cieri in an Excel spreadsheet 
OBD_HER_VTR_link2.xls dated 11.18.2010.  Trips were selected as having 2,000 lb or more of 
kept Atlantic herring and were sea sampled by the NEFOP. Two trips were deleted that had 
observer data but no herring landings reported in the VTR 

Trips observed at-sea were linked to the Vessel Trip Report (VTR) data base by the VTR serial 
number as recorded by the at-sea observer.  According to regulations, the vessel’s captain is 
required to fill out a separate VTR log when crossing statistical area boundaries during a trip.  
However, at-sea observers do not fill out a separate trip report to coincide with the new VTR log.  
Instead, at-sea observers link records using the VTR serial number from the 1st VTR log.  Some 
of the differences between observer and VTR reported catch in this dataset could explained by 
these reporting requirements if vessels fished in more than 1 statistical area on a trip.  The 
direction of the bias would lower captain’s hail weight for Atlantic herring compared to observer 
record for a given trip. 
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The number of trips by gear type, statistical reporting area and year is shown in Table B1.   In 
general, few observations are available in paired area-year cells for bottom trawl and mid-water 
trawls.  Sampling by year and area for paired-mid-water trawl occurred in 2008 and 2009.   Purse 
seine samples are restricted to areas 511, 512, and 513, but sampling did not occur in 2006.  
Number of trips is summarized by gear and statistical reporting area in Table B2 and by gear 
type and year in Table B3.   

As a result of small sample sizes, year, gear, and statistical area strata will likely be collapsed 
into larger units for estimation of river herring catch.  

Differences between observer catch and VTR reported catch 

A summary of differences between observer catch estimates and VTR by year for all gears 
combined is shown in Table B4 and by gear for all years combined in Table B5.  Differences are 
highly variable within and among gear types.  The distributions of differences by gear appear 
leptokurtic.  Boxplots of the differences by year and gear type are presented in Figure B1.  
Differences appear to be biased for paired mid-water trawls in 2006 and 2007.   I tested whether 
the median differences from significantly different from zero for each gear type using the 
Wilcoxon’s signed-rank test (Table B8). A significant difference was found for paired mid-water 
trawl (p<0.001, pseudo-median difference=38,470 with 95% confidence interval of 18,436 to 
66,880).  Differences were not significant from zero for bottom trawls, mid-water trawls and 
purse seines. Boxplots of differences by gear type and area for all years combined are shown in 
Figure B2.    

Bland-Altman plots of the differences by gear type (all years pooled) are presented in Figure B4.   
Variance in differences appears to increase with the mean of the paired estimates but bias is not 
related to the mean, with the possible exception of mid-water trawls.  Paucity of sampling 
suggests that separating year, gear and area effects will not be possible.   

Boxplots of differences by gear type, year and whether river herring were present in the catch are 
shown in Figure B3.  The amount of bias does not appear related to the presence or absence of 
river herring.   

Ratio of observer reports to VTR reports 

The relationship between the variance and mean indicated in the Bland-Altman plot suggests that 
log transformation may be useful.   Summary statistics for distribution of ratio by year (all gears 
pooled) and by gear (all years pooled) are shown in Tables B6 and B7.  Boxplots of the log ratio 
(observer/VTR) by year are shown in Figure B5.  The log transformation shortened the tails, and 
removed the relationship between the variance and mean.  The distributions remained 
leptokurtic.    
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Conclusions 

In-season estimation of river herring catch will require use of observer reported Atlantic herring 
catch by strata (statistical area, gear type, and season). Trip level differences and the ratio 
between observer and VTR estimates of kept Atlantic herring are highly variable and will 
contribute to uncertainty in the estimation of river herring catch.   

Table B1:   Number of trips by gear type, year and statistical reporting area.  
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Table B2:  Number of observed trips by gear type and statistical area for 2006-2009.  Four trips were 
excluded from the analysis because either the observer or VTR reported no Atlantic herring catch.   

 

 

 

Table B3:  Number of observed trips by gear type and year. Four trips were excluded from analysis because 
observer or VTR reported no Atlantic herring catch.   
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Table B4:  Summary statistics for differences between observer and VTR estimates for all gear types 
combined.  

 

Table B5:  Summary statistics for differences between observer and VTR estimates by gear types for all years 
combined.  

 

Table B6:  Summary statistics for the ratio of observer:VTR estimates for all gear types combined. 

 

Table B7:  Summary statistics for the ratio of observer:VTR estimates by gear types for all years combined. 

 

Table B8:  Summary of Wilcoxon signed rank test for differences between paired observer and reported VTR 
Atlantic herring estimates by gear type (all years pooled).  
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Figure B1: Boxplots of differences (Observer-VTR) in 000’s lb by gear type for all years combined.  Note that 
the y-scale differs by panel.  
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Figure B2:  Boxplots of differences (Observer-VTR) by gear for all years combined.  Note that y-scale differs 
by panel.  
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Figure B3:  Boxplots of differences between observer estimates and VTR estimates by year, gear type and 
presence/absence of river herring.  Redline is the median for all years combined.  
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Figure B4: Differences (observer-vtr) against mean (observer and VTR) by gear type.   Excludes observations 
where observer estimates=0.   Gray line is the mean difference.  Dashed blue lines are the mean +/- 2 standard 
deviations of the differences.  
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Figure B5:  Boxplots of ratio (observer estimate: VTR estimate by year.  Observations with observer 
estimate= 0 are excluded.   Redline is the median for all years.   Note y-scale is logarithmic.  
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Figure B6:   Log (observer/vtr) against mean log observer plus VTR.   Excludes 2006 and observations where 
observer estimates=0.   Gray line is the mean difference.  Dashed blue lines are the mean +/- 2 standard 
deviations of the log (observer/VTR).  
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Appendix C 

Comparison of river herring catches and CV’s from Method 1 and Method 2 

Prepared for the Herring PDT 

By 

Steven J. Correia 

Massachusetts Division of Marine Fisheries 

December 15, 2010 

 

We compared the paired estimates of total river herring catches and CV’s derived from Method 1 
and Method 2 for both strata sets (whole year and half year).  Pairs where no river herring=0 
were dropped from the analysis.  We tested for differences using the Wilcoxon signed rank test 
and the paired t-test on log-transformed data.   All tests were two-sided.    

Exploratory analysis suggests that the relationship between River herring catch estimates by 
method are likely multiplicative rather than additive (Figures C1-C4).   The median paired 
difference (pseudo-median= -7,050 lb with approximate 95% CI   -33,200 to 15,600 lb) was not 
significantly different from 0 (P=0.26).  A paired T-test on the log-transformed pairs was not 
significant (P=0.36).  The back transformed mean ratio was 0.95 with 95% CI of 0.86 to 1.06.   
This suggests that the differences in estimates by Method 1 and Method 2 are not consistent.   

We conducted a similar analysis for the coefficients of variation.  The median paired difference 
(pseudo-median=0.10 with approximate 95% CI 0.05 to 0.17) was significantly different 
(p<0.001).  A paired T-test on the log-transformed pairs was significant (P=0.36).  The back 
transformed mean ratio was 0.81 with 95% CI of 0.67 to 0.98.   These results suggest that 
Method 2 provides a lower coefficient of variation than Method 1.   That Method 1 provides 
higher CV’s than Method 2 is not surprising given that the variance estimate in the ratio method 
is inflated by the lack of relationship between river herring catch and Atlantic herring catch. 
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Figure C1:  Comparison of river herring estimates using Method 1 and Method 2.  Solid red line is mean 
difference (Method 1-Method 2).  Dashed lines are mean difference ± 2 standard deviations.  

 

 

 

Figure C2:  Comparison of river herring estimates using Method 1 and Method 2 on log transformed scale.  
Solid red line is mean difference (Method 1-Method 2).  Dashed lines are mean difference ± 2 standard 
deviations.  
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Figure C3:   Comparison of river herring CV estimates using Method 1 and Method 2.  Solid red line is mean 
difference (Method 1-Method 2).  Dashed lines are mean difference ± 2 standard deviations. 
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Figure C4: Comparison of river herring CV using Method 1 and Method 2 on log transformed scale.  Solid 
red line is mean difference (Method 1-Method 2).  Dashed lines are mean difference ± 2 standard deviations.  

Appendix D  

Possible Approaches to Setting a Catch Cap 

The PDT did not agree on an approach to setting a catch cap at this time, but did discuss possible 
alternatives.  Some of the options rely on the use of the catch history estimates described above, 
while others do not. The options include: 

• Ceiling: Set a ceiling catch cap based on an average of recent river herring removals. 
• Percentage: Set a ceiling catch cap as some percentage of the average of recent river 

herring removals. These can be set by area and half or full years. 
• Stock Assessment: Allow the fishery to operate under the status quo option until a stock 

assessment is complete for river herring by ASMFC (2012) and therefore set catch caps 
relative to some measure of river herring stock status or reference point (e.g., Bmsy). 
Catch caps based on historical removals cannot account for changes in river herring 
abundance or availability.  As such, river herring abundance may increase, while the 
catch caps would remain the same. 

• Trips: Limit the number of hauls/sets or trips within Atlantic herring management areas 
(1A, 1B, 2, and 3) with river herring removals based on a threshold level of river herring 
removals per haul/set or trip. In other words, set a cap on the number of river herring 
encounters versus the amount of river herring catch. 
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Appendix E  

Interactions with Other Measures in Amendment 5 

The PDT discussed mechanisms to link the river herring hotspot analysis and spatial 
management measures with the river herring catch cap analysis. Linkages between a river 
herring catch cap and river herring spatial management measures could include: 

• River herring catch cap applied in hotspot areas/times only. In which case the overall removals are not 
capped, as bycatch and further removals of river herring would likely occur outside of the defined hotspots. 
The more constrained the hotspots temporally and spatially the more likely this is to occur. 

• River herring catch cap could be used as a catch trigger, i.e., a soft TAC that does not close the fishery 
when reached, but triggers a management action. 

• River herring catch cap allocated by Atlantic herring management areas or by defined strata areas 
(specified above). The allocation would be determined using the hotspot analysis to weigh times/areas. 

The PDT also discussed challenges for a catch cap approach given the current monitoring 
system. 

• IVRs and VTRs are very difficult for "real time" use.  
• VTRs have statistical area but not management area or groundfish closed area. Statistical area has been 

proven to be of very low data quality. VTRs give exact location for the starting tow or set.  So you do know 
the management area and groundfish closed area, but not in real time as the vessel fishes in other locations 
within a statistical area. 

• IVRs are not by the trip, but do identify Atlantic herring management area.  
• The pre-trip notification system for the observer program asks if they are going into Closed Area 1, but 

does not distinguish other trips. The questions asked during the call cannot be changed in process without 
going through the regulatory and Paperwork Reduction Act process.  

• There is variability associated with sampling a time, area and associated expansion.  River herring removals 
could be over the cap but because of the variability associated with sample, would not appear so 

• There might be data confidentiality limitations with making the river herring hot spot catches public - or 
being able to share catch information among the fleet in real time.  

• A centralized reporting system for vessels to access while at sea should be supported.  
• There are uneven and often low coverage rates in various areas. 

o Coverage has not been even in all areas that the fishery operates. For example during 2010, the 
NEFOP had to target 100% coverage if a vessel thought they may go into Closed Area I, while 
other areas are expected to meet or exceed 20%. 

o This is no spatial or temporal definition for coverage (and whether this is trips, seadays, or 
landings of herring).  

o Continued uneven coverage levels pose significant challenges in monitoring the cap during the 
fishing year.  

Many of these challenges may be addressed under Amendment 5, which provides for options to 
improve the current catch monitoring program.  
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The purpose of this paper is to present available information pertaining to current management 
measures and the development of additional management measures to address spawning Atlantic 
herring.  The intent of this document is to inform potential decisions that may be made during the 
development of Amendment 5 to the Atlantic Herring Fishery Management Plan (FMP) or in 
future Council actions.  The following summaries have been put together by the Herring Plan 
Development Team (PDT) members who have been involved in the development of Amendment 
5 to the Herring FMP.  This paper summarizes the history of the development of management 
measures to address spawning fish by both the New England Fishery Management Council and 
the Atlantic States Marine Fisheries Commission, as well as available information about 
spawning fish in both inshore and offshore areas. 
 

1.0 BACKGROUND – MANAGEMENT MEASURES TO ADDRESS SPAWNING 
HERRING 

Herring stocks in the Gulf of Maine/Georges Bank region are believed to temporally and 
spatially isolate themselves during spawning by returning to their natal spawning grounds to 
spawn in summer and fall. Spawning occurs in 5-90 m of water with eggs laid in “mats” over a 
variety of possible substrates ranging from boulders to sand to vegetation. Current and historical 
spawning locations are shown in Figure 1.  

 
Figure 1. Generalized view of the current major herring spawning areas in the Gulf of Maine and 
on George Bank (from Overholtz et al. 2004). 

 



 

Discussion Document: Spawning Atlantic Herring  2 

Similar to other fish species that form large spawning aggregations, herring can be susceptible to 
fishing when spawning. The Atlantic States Marine Fisheries Commission (ASMFC) began 
formal spawning closures in 1994 as part of the 1993 Atlantic Herring Fishery Management Plan 
(FMP). These spawning closures were a continuation of an agreement among Maine, New 
Hampshire, Massachusetts, and Rhode Island, who had adopted a series of spawning closures in 
November 1983 as part of their Interstate Herring Management Plan. The1993 FMP included 
spawning protection for the entire range of Atlantic herring, including offshore areas such as 
Georges Bank. Foreign fishing from the late-1960s to the mid-1970s had depleted the offshore 
stock. Consequently, there were few spawning females in offshore areas. States sought to protect 
the new abundance of offshore spawning females when the population rebounded in the late 
1980s and included offshore spawning restrictions. 
 
The goals of the ASMFC FMP relating to the spawning closures were “to maintain the U.S. 
northwest Atlantic sea herring resource at or above 20% of its maximum spawning potential for 
optimal utilization while reducing the risk of stock collapse” and “to provide adequate protection 
for spawning herring and prevent damage to herring egg beds”.   
 
The 1993 ASMFC FMP required states to monitor the spawning closures by sampling 
commercial catch just prior to the automatic closure dates. Closures were delayed for one week if 
the average gonad somatic index (GSI) of mature females (International Convention for the 
Northwest Atlantic Fisheries [ICNAF] gonadal stages III – V) was below the threshold value for 
either size class (18% for fish ≥ 28 cm total length and 10% for fish between 24 and 28 cm total 
length). Additional one week delays were implemented if sampling indicated that at least one 
size class had not yet reached the threshold value. The FMP allowed some landing of spawning 
fish (tolerances). Tolerances varied between closure areas with a 25% spawn allowance by 
number in the eastern, central, and western Maine spawning areas and a 5% or 1,000 pound 
(whichever is greater) spawn allowance in New Hampshire and Massachusetts. Vessels were 
prohibited from fishing for, possessing, or landing any Atlantic herring containing spawn in all 
other areas. 
 
Spawning closures boundaries are shown in Figure 2 and language specific to the 1993 ASMFC 
FMP follows. 
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Figure 2.  Spawning closure areas from 1993 Atlantic Herring Fishery Management Plan.  

 
From Section 6.2.3 Spawning Closures of 1993 ASMFC FMP: 

1. A four week closure in eastern Maine beginning August 15 (unless samples of the 
commercial catch taken prior to the closure date indicate that females are delayed in 
reaching full maturity) during which time it is unlawful to fish for or take herring 
containing spawn (milt or roe) when they make up more than 25% by number of any 
load. 

2. A four week closure in two additional areas in central and western Maine beginning 
September 1 subject to the same monitoring or maturity and 25% tolerance exceptions. 

3. A three week closure beginning October 1 for the area south of 43˚ 32’N (Cape 
Elizabeth) that is not subject to any tolerance exceptions.  The closure date in this area is 
subject, however, to successive one week delays if sampling indicates that spawning will 
be delayed (identical to provisions which apply in the three areas north of 43 ˚ 32’ N).  
This closure is enforced jointly by the four states which are party to the Interstate 
Herring Management Plan.  

 
Area 1  (eastern Maine) :  area northeast of Loran C 9960-W-12275 (Schoodic Point) to the 
U.S.-Canadian border. 
 
Area 2  (central Maine) :  area east (or north) of Loran C 9960-W-12825 (Small Point) to 
Loran C 9960-W-12275 and north of 43˚ 32’ N. 
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Area 3  (western Maine) :  area bounded by 43˚ 32’ N (Cape Elisabeth) on the south and by 
Loran C 9960-W-12825 on the east (or north). 
 
Area 4 : area south of 43˚ 32’ N, including state and federal waters adjacent to Maine, New 
Hampshire and Massachusetts and the southern New England area. 

 
The New England Fishery Management Council (NEFMC) first proposed spawning area 
closures as a part of its Atlantic Herring FMP in 1998. The measures were intended to be 
adjusted through framework actions which could be initiated when additional information on the 
timing and locations of spawning became available. Additional closures were also a possibility 
through a framework action, particularly in the lesser known offshore areas. 
 
The proposed closures in the 1998 NEFMC FMP were considered necessary to ensure adequate 
protection of the herring resource.  Herring fat content is at its peak during spawning, making 
them more economically valuable for human consumption, while concentrated spawning 
aggregations make herring susceptible to harvesting.  In addition, spawning behavior of the 
uncaught herring was believed to be influenced by harvesting operations.  At the time that the 
spawning closures were being considered, it was believed that protection of individual spawning 
populations would ensure successful recruitment across the entire stock complex.  It was also 
believed that removal of fishing pressure during spawning would relieve the aforementioned 
stresses while also making it easier to accurately assess the extent and size of the spawning 
populations, as they would not be disturbed by fishing pressure. 
 
The closures proposed by the NEFMC are shown in Figure 3. These areas were modified from 
the spawning closures implemented by the ASMFC 1993 Atlantic Herring FMP. Language 
specific to the proposed NEFMC FMP follows. The spawning closure dates in Management Area 
1 were defined as: 
 
 Eastern Maine    August 15 – September 11 
 Western Maine   September 1 – September 28 
 Jeffreys Ledge/Stellwagen Bank September 15 – October 12 
 Cashes Ledge    August 1 – September 25 
 
Spawning closure dates are fixed. In an area closed to protect spawning, fishing for, harvesting, 
or possessing herring will not be allowed except for the following exception: vessels will be 
allowed to catch and possess up to 2,000 pounds of herring per trip. The amount of herring 
landed from a closed spawning area by one vessel in a day cannot exceed 2,000 pounds (this 
prohibits a vessel from making multiple trips in one day to exceed the 2,000 pound trip limit). 
This limit will be enforced based on calendar days and not on the basis of days-at sea used in 
any other management plan (for example, a groundfish days at sea running clock cannot be used 
to land more than 2,000 pounds of herring in one calendar day). Any fishing vessel transiting a 
closed spawning area and possessing more than 2,000 pounds of herring must have all fishing 
gear stowed as specified by the Regional Administrator. 
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Management Areas 2 and 3 were not considered for closures in the proposed measures of the 
NEFMC FMP because the offshore herring resource was considered robust and there was 
interest in developing the offshore fishery.   
 

 
Figure 3. Herring Management Area 1 spawning closures (with approximate territorial sea boundary shown) 
proposed in the 1998 NEFMC Atlantic Herring FMP. 
 
The proposed NEFMC closures in federal waters were also intended to complement the efforts of 
the ASMFC Amendment 1 (1999) measures (see below).  The tolerance measures enacted by 
ASMFC allowed for some landing of spawn fish but enforcement was limited to landing 
regulations implemented by the individual States within ASMFC.  The NEFMC developed its 
proposed measures out of concern that some states did not have the resources to implement and 
enforce the measures, which would have negated the spawning protection.  The NEFMC’s 
intention was to augment the efforts of the ASMFC by preventing the catch of spawn herring in 
federal waters.   
 
In the proposed NEFMC FMP, the spawning area closures were predicted to increase cost and 
decrease revenue for the herring industry. Effort would have been shifted to where and when 
herring would be less aggregated and contain less fat.  It was projected that one-third of the 
landings of the year prior to the proposed measures (1997) would have been closed to fishing in 
subsequent years as a result of the proposed action.  This analysis was based on only one year of 
data, however, and may not have represented average fishing.  A shift in effort as a result of the 
measures also was not considered.  However, community impacts were projected to be minimal 
to non-existent because the NEFMC’s proposed closures were smaller than those in the 
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ASMFC’s 1993 plan, and other open areas closer to shore were made available for fishing to the 
potentially affected boats. 
 
On October 27, 1999, the NEFMC received notification that the National Marine Fisheries 
Service (NMFS) Regional Administrator rejected the measures that would have created 
spawning area closures: 
“I disapproved the spawning area closures because it was not demonstrated that the costs of 
imposing the closures outweigh the benefits, and the measure appears to be inconsistent with 
National Standard 7 in that conservation benefits are uncertain. The measure also appears to 
contravene the M-SFCMA, Sec. 303 (a)(1)(A). Further, the spawning closures would not apply 
to mobile, bottom-tending vessels, just to purse seiners and mid-water trawlers. Such fishing 
gear may also disturb spawning herring. Also, the Northeast Region Office of Law Enforcement 
stated that spawning area closures that allow the possession of herring on board pose 
enforcement problems. In consideration of the aforementioned and of concerns raised by 
commenters, and given the uncertainty of conservation benefits to be realized, a spawning 
closure at this time does not appear to be a necessary and appropriate conservation and 
management measure.” 
 
The ASMFC developed Addendum I as a result of NMFS disapproval to readdress the spawning 
measures that had been defined in ASMFC Amendment 1 (see following). 
 
Amendment 1 (1999) to the ASMFC Atlantic Herring FMP replaced all previous ASMFC 
Atlantic herring measures including spawning closures.  The goal of the new spawning measures 
was to protect distinct spawning units that are especially susceptible to fishing when they 
aggregate for spawning.  The new spawning measures applied only to state waters within 
Management Area 1A (Figure 4) and did not include any measures to protect spawning fish in 
offshore areas such as Georges Bank.  From August 1 through October 31, vessels were 
prohibited from taking, landing, or possessing more than 20% (by number) “spawn” herring 
containing roe or milt from state waters within Management Area 1A. Amendment 1 (1999) 
defined spawn herring as "ICNAF gonadal stages 4, 5, & 6." 
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Figure 4. Management areas under Amendment 1. 

 
Addendum I (2000) to Amendment 1 of the ASMFC Atlantic herring FMP was developed to re-
address the protection of spawning areas because NMFS rejected the NEFMC’s proposed Area 
1A spawning closures in federal waters (see above).  Under Addendum I, three spawning 
management areas were created (Figure 5) – Eastern Gulf of Maine (EGOM), Western Gulf of 
Maine (WGOM), and Massachusetts/New Hampshire (MA/NH), all of which are in 
Management Area 1A.  These spawning areas extended into federal waters and had distinct start 
dates of August 15 (EGOM), September 1 (WGOM), and September 21 (MA/NH).  Closures 
lasted 4 weeks by default, but would be extended 2 weeks if commercial catch sampling found 
that 25% or more mature herring, by number, had yet to spawn.  Mature or “spawn” herring were 
defined as Atlantic herring in ICNAF gonadal stages V & VI. The definition remained "ICNAF 
gonadal stages V & VI" in all subsequent management documents. 
 
In 2000, members of the public, herring fishermen, and Maine Department of Marine Fisheries 
personnel all noted a significant take of spawn herring from the area just outside the EGOM area 
during the closure. Consequently, Technical Addendum 1A (2001) was created to expand the 
EGOM spawning area to protect spawning females inside the eastern tip of Inner Schoodic Ridge 
(Figure 6).  
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Figure 5. ASMFC spawning closures under Addendum I to Amendment 1. 
 

 

 
Figure 6. Spawning closure boundaries under Technical Addendum 1A to Amendment 1. 
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Today, ASMFC spawning regulations are specified through Amendment 2 and Technical 
Addendum I (2006), which continue with the three spawning areas and default dates established 
by Addendum 1 and Technical Addendum 1A (Figure 6). Spawning closures begin on the 
default start date unless commercial catch samples (see Section 2.2 of this document for more 
information) show significant amounts of spawn herring, defined as 25% or more in ICNAF 
gonadal stages V & VI. By default, closures last 4 weeks, at which point fishing is allowed. If a 
significant amount of spawn herring are found in the commercial catch samples after the closure, 
an additional 2 week closure is triggered.  Fishermen are notified of the additional closure by the 
states, which use a distribution list that includes the ASMFC. The ASFMC will then place notice 
of the closure on their website.  
 
Amendment 2 contains a “zero tolerance” provision that prohibits vessels from fishing for, 
taking, landing, or possessing “spawn” herring (ICNAF gonadal stages V & VI) in a spawning 
area during a closure. Some states interpreted zero tolerance to allow fishing in a closed area as 
long as no spawn herring are caught. Upon review of the loose interpretation of zero tolerance, 
and based on input from the Atlantic Herring Law Enforcement Committee (LEC),  ASMFC 
developed Technical Addendum I to Amendment 2 to clarify that vessels are prohibited from 
fishing for, taking, or possessing herring within a restricted spawning area. The LEC was 
concerned that tolerances are difficult to enforce while prohibiting fishing in a closed area is 
easily enforceable.   
 
Vessels on non-directed herring trips are allowed an incidental catch of 2,000 pounds from a 
restricted spawning area as a bycatch allowance.  Any herring vessel that has more than 2,000 
pounds of herring onboard that were caught outside an area under a spawning closure must have 
all of its fishing gear stowed as it travels through the closure area.  Fixed gear fishermen east of 
Cutler, ME, are exempt from spawning closures and are not limited to the 2,000 pound bycatch 
allowance.  
 
Amendment 2 does not include spawning restrictions for any offshore areas, although 
enforcement is by possession, not location of fishing.  Its measures are designed to protect the 
inshore component of the stock by moving effort to offshore areas where the total allowable 
catch was historically not fully harvested. Section 4.3.2 Spawning Restrictions states that 
“protection to the offshore spawning component would come at the expense of putting more 
pressure on the inshore component of the stock complex.” 
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2.0 AVAILABLE DATA ON HERRING SPAWNING ACTIVITY IN AREA 3  

2.1 NMFS 
The NMFS Northeast Fisheries Science Center (NEFSC) acoustic survey of the offshore 
component of the Atlantic herring population began in earnest in 1999 after about four years of 
initial pilot work.  The survey covers the northern edge of Georges Bank and Great South 
Channel from the ‘northeast peak’ to Cape Cod and was designed to sample aggregations of 
herring as they prepared to spawn in the fall (Figure 7).  Initially, the index of abundance was 
near historical highs, but beginning in 2002, the index of abundance from the acoustic survey 
declined approximately four-fold and remained relatively low through 2008 (Figure 8).  This 
decline and low-level index, however, may not have reflected the true changes in abundance.  
The fundamental assumption of the acoustic survey is that the herring are congregating to spawn 
in and during the survey area and period. Atlantic herring spawning times and locations may 
have changed, but the survey area and timing remained relatively stable among years.  If this is 
the case, the acoustic survey may not be achieving adequate spatial and temporal coverage.  For 
this reason, the acoustic survey was not used in fitting recent Atlantic herring stock assessments 
(Shepherd et al. 2009). 
 
 

  
 

Figure 7. Survey areas of the Atlantic herring acoustic survey. Surveys on Georges Bank 
and Jeffreys Ledge have been completed every year since 1999.   
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Figure 8. Atlantic herring acoustic index of abundance on George’s Bank during 1999-2008. 

 
Several research projects are being conducted to address potential issues with the acoustic 
survey.  Acoustic data have been collected during the annual fall bottom trawl surveys, but these 
data have never been analyzed to determine if a supplementary acoustic index of herring 
abundance could be developed.  A technician has begun processing the data, but limited funds 
have prevented the completion of this work.  This research will resume as funds become 
available.  Once complete, this project will provide a basis of comparison for the herring acoustic 
survey, and may serve as an additional index of abundance.  Other biological data collected 
during the annual fall bottom trawl surveys may also be useful for evaluating temporal and 
spatial shifts in the occurrence of spawning herring.  For example, comparing the proportion of 
herring at different stages of spawning among years and sampling stations may provide insight as 
to whether systematic changes have occurred in the spatial and temporal distribution of spawning 
events.  This analysis will allow for the determination of whether the herring acoustic survey has 
adequately sampled over the course of any systematic changes in spawning events.  A technician 
is in the process of conducting this and other analyses of biological data collected during the fall 
bottom trawl surveys. 
 
A distribution of herring spawning time is calculated during the estimation of the annual NMFS 
NEFSC larval herring index.  Combined with a numerical circulation model that will allow 
herring larvae to be tracked from sampling location backwards to hatch location, temporal and 
spatial patterns in herring spawning may be generated.  These patterns could then be compared to 
the time and location of the acoustic survey in each year and a correction factor could be 
developed to adjust for any mismatches between the spawning patterns as derived from the larval 
index and the acoustic survey.  A proposal based on this research has been submitted to the 
Fisheries and the Environment program and the project will be conducted by a team of scientists 
from NMFS NEFSC and Woods Hole Oceanographic Institute. 
 
In addition to the formal research projects described above, NMFS is continually collaborating 
with other institutes to improve sampling capabilities.  On-going collaborative projects include 
research and development of wide-band echo sounders and sonar systems that span spatial scales 
of sub-meters to thousands of square kilometers. 
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In recent years, the herring acoustic survey has been conducted during approximately the same 
2-4 week period and the timing and spatial coverage of the survey was not informed by any 
information about the occurrence of spawning herring.  The sampling design of the acoustic 
herring survey might be improved by using data, such as the biological and acoustic data 
collected during bottom trawl surveys, to inform the spatial and temporal coverage of the 
acoustic survey in each year.  The details of how such a program might work are yet to be 
evaluated and will require additional research. 
 
The biggest challenge facing the herring acoustic survey, and the completion of research related 
to the survey, is finding funds and people to process data and conduct the research.  In particular, 
preparing the acoustic data for use requires a large time commitment, as does conducting much 
of the research described above.  Temporary technicians have been available to conduct some of 
the analysis, but these positions are often short-term and create a discontinuity in personnel and 
expertise. 
 

2.2 Maine Department of Marine Resources 
Commercial catch samples are taken as part of ME DMR’s portside sampling program for the 
herring fishery.  These samples are used to develop the catch-at-age matrix for the Atlantic 
herring stock assessment and provide other important biological information, including 
information about the spawning condition of the fish.  The portside sampling program randomly 
samples 50 fish from landed catches of directed herring trips, and both fresh and frozen samples 
are taken.  When trips are being monitored for spawning status, 100 random fish are sampled 
from each trip, and the focus is on utilizing fresh fish.  Once sampled, the fish are transported 
back to the lab and immediately processed for length, weight, age, sex, gonad weight, maturity 
stage, gut fullness, and gut weight.  Even during the spawning season most fish being transported 
from Georges Bank are frozen, as the long trip would degrade the quality of the fish.  Fish that 
have been frozen are unlikely to produce accurate results when put through the same sampling 
process described above, and the GSI and staging results are thought to be compromised.  Once 
recorded this data is entered into the DMR relational database where the record of catch, effort, 
and sampling for each individual fish can be queried.  The database serves two primary 
functions; for GSI determination of inshore GOM closures and use for catch-at-age models.  It is 
also used for other various purposes such as determining the average ratio of males to females, 
average growth over seasons, the weight of female, inshore fish, and many others.  
 
The DMR database was queried for reported landings from Management Area 3 (Georges Bank) 
in September, October, or November between 2000 and 2009.  Number of trips that were 
sampled during these months and years are shown in Table 1.  A total of 106 trips are available 
to examine spawner characteristics on Georges Bank. 
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Year Sep Oct Nov Total 
2000 9 2  11 
2001 17 10 2 29 
2002 5 3  8 
2003 5 4  9 
2004 3   3 
2005 4 1 1 6 
2006 9 10 1 20 
2007   1 1 
2008  7  7 
2009 8 4  12 
Total 60 41 5 106 

Table 1. Number of directed herring fishing trips with portside samples 
collected for examination of herring spawner characteristics in Management 
Area 3 (Georges Bank). 

 
 

2.3 Vessel Monitoring System (VMS) Data 
Data on the fishing patterns of directed herring trips are available through VMS data.  These 
data, if accessible, would provide highly resolved spatial and temporal data on fishing patterns in 
Management Area 3 during fall.  Such data could be used to evaluate potential lost fishing 
opportunities or shifts in fishing effort if spawning closure(s) were implemented on Georges 
Bank. 
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1.0 AVAILABLE DATA ON HERRING SPAWNING ACTIVITY 

1.1  Massachusetts Division of Marine Fisheries (MA DMF) 
Commercial Atlantic sea herring catch samples have been collected and processed by the 
Fisheries Dependent Investigations project. Through dock-side and at-sea monitoring, this 
program collects information to document the state’s commercial fisheries performance and 
support stock assessment research. Because the current Atlantic sea herring management strategy 
has required GSI monitoring in the inshore spawning areas (e.g. MA/NH spawning area, Mid-
coast ME), MA DMF’s focus has been to collect information from these areas. As a result of this 
allocation of effort, the number of GSI samples for the offshore spawning areas is not as robust. 
Since 1999 through 2010 18 GSI samples have been collected and processed. Sample processing 
has been consistent with methods used by the state of ME and as defined by the ASMFC Atlantic 
herring FMP.  
 
Beginning in October 2010 MA DMF initiated the River Herring Bycatch Avoidance study with 
the partners of Massachusetts University/SMAST and the Sustainable Fisheries Coalition. This 
study, grant funded by the National Fish and Wildlife Foundation, will provide information to 
the mid-water small pelagic fishing fleet on the locations of higher abundance of river herring so 
that they can be avoided during commercial fishing activities. To accomplish this, MA DMF will 
be increasing port sampling to cover 50% of all trips landed in Massachusetts. Although not a 
direct objective of the study, this will allow MA DMF opportunity to increase the number of 
offshore GSI samples obtained for GSI sampling and significantly enhance the number of 
samples that are currently being processed. 
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