















































NH inshore trawl survey data from throughout coastal Maine and New Hampshire are juveniles

and less than 40 cm TL (Sherman et al. 2005).

Video surveys and hook-and-line sampling provide significant challenges to scientists attempting
to quantify the density of fish within particular habitats. However, they can provide important
insights regarding the relative abundance of fish in different habitats. These methods are
particularly valuable when coupled with other methods such as trawling that provide more
rigorous estimates of fish densities because they can be utilized to extrapolate fish densities in
more complex habitats that are incapable of being trawled. Our video survey and hook-and-line
results suggest that cobble and rocky ledge habitats support even higher abundances of juvenile

cod than are found in gravel habitat.

Cod likely utilize complex habitats such as rocky ledge, cobble, and gravel bottom during early
life-history phases because these habitats typically provide refuge from juvenile cod predators
and contain dense assemblages of prey (Gotceitas and Brown 1993, Gotceitas et al. 1995, Tupper
and Boutilier 1995, Gotceitas et al. 1997). Prey abundances are often positively correlated with
habitat complexity, yet predator access to prey is typically inversely proportional to habitat
complexity levels because characteristics of complex habitats often inhibit the ability of
predators to locate prey successfully (Crowder and Cooper 1982). Thus, intermediate predators
such as juvenile cod are thought to maximize foraging efficiency at intermediate levels of habitat
complexity. However, as the risk of intermediate predators being consumed increases, habitat
associations would be expected to shift towards highly complex, refuge habitats. Given that

several top predator species such as adult groundfish, elasmobranchs, predatory whales, and
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pinnipeds consume juvenile cod, it is not surprising that we found that juvenile cod were most
prevalent in cobble and rocky ledge habitats when we were able to include them in our analyses
of the role of habitat in the distribution of juvenile cod in the nearshore habitats of the Gulf of

Maine.

We did not examine in this study whether larger juvenile fish found in structured habitats settled
in the same habitats where they were captured or immigrated into them after settling elsewhere.
Over 90% of YOY cod were captured in less than 20 m water depth, whereas larger juvenile
densities were highest in gravel habitat that was typically located in slightly deeper (i.e., 20-50
m) water. The density of larger juveniles was far greater than the density of YOY cod found in
this habitat, further suggesting that a significant proportion of the cod found in gravel habitat
could be settling elsewhere. However, net efficiency could also vary with cod size. For
instance, smaller cod densities may be underestimated if they pass through the net or are
mutilated beyond recognition in the cod end of the net. Yet larger cod densities may also be

underestimated because they are more capable of evading capture.

In conclusion, our findings indicate that gravel and more complex hard bottom are important
habitat for juvenile cod. Failure to include consideration of cod use of more complex habitats
that are incapable of being sampled by trawl surveys could result in largely skewed and
unrepresentative estimates of the abundance of juvenile cod populations. Further investigation is
necessary to determine the degree to which the availability of these habitats influence juvenile

cod growth and survival rates during this early life-history phase and subsequently limit the
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productivity of cod fisheries. Thus these nearshore habitats could serve as a critical bottleneck

that is currently limiting the recovery of cod populations in the Gulf of Maine.
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Table 1. Mean densities of cod in gravel, mud, and sand habitat in mid-coast Maine. Data from

each of three trawl surveys are presented separately to examine temporal patterns in cod density.

Mean Cod Density (per 20 Minute Tow)  Total Number
Study Time Period Gravel Mud Sand of Tows
1 1992-1994 8.3 0.0 5.0 9
2 1996-1998 111 0.4 3.9 384
3 2000-2005 17.5 1.4 5.9 33
Total 12.0 0.4 4.1 426
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Table 2. Results of ANOVA examining the effects of season, habitat, and their interaction on the
total density (#/20 min. tow) of cod captured in trawl surveys conducted in mid-coast Maine.

Data were log transformed to remove heterogeneity of variance.

Sum of Mean
DF Squares Square F-Value P-Value
Season 1 0.01 0.01 0.04 0.84
Habitat 2 25.21 12.60 97.29 <0.0001
Season * Habitat 2 0.44 0.22 1.68 0.19
Residual 420 54.40 0.13
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Table 3. Results of ANOV As examining the effect of habitat on the density of YOY (i.e., 3-9 cm
TL) cod at (a) at all depths and (b) sites that overlap (20-40 m) in depth. Results of ANOVA are
also presented below on (c) the effects of season, habitat and their interaction on the density of
larger juvenile (i.e., 10-25 cm TL) cod caught in trawl surveys conducted in mid-coast Maine.

Data were fourth root transformed to remove heterogeneity of variance.

a) YOY cod — all depths

Sum of Mean
DF Squares Square  F-Value P-Value
Habitat 2 22.3 11.1 48.6 <0.0001
Residual 309 70.8 0.2
b) YOY cod —20-40 m
Sum of Mean
DF Squares Square  F-Value P-Value
Habitat 2 11.8 5.9 0.7 0.50
Residual 95 796.7 8.4
¢) Larger juvenile cod — all depths
Sum of Mean
DF Squares Square  F-Value P-Value
Season 1 0.1 0.1 02 0.65
Habitat 2 49.2 24.6 76.4 <0.0001
Season * Habitat 2 0.5 0.2 0.7 0.48
Residual 403 126.8 0.3
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Table 4. Results of ANOVA examining the effects of season and habitat on bottom depth at

trawl survey sites located in the nearshore waters of mid-coast Maine.

Sum of Mean
DF Squares Square F-Value P-Value

Season 1 90.0 90.0 1.7 0.20
Habitat 2 493352 24667.6 452.7 <.0001
Season * Habitat 2 665.7 332.8 6.1 0.002
Residual 420 22886.6 54.5
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Table 5. Results of ANOVA examining the effects of season and habitat on bottom temperature

at trawl survey sites located in the nearshore waters of mid-coast Maine.

Sumof  Mean
DF Squares Square F-Value P-Value

Season 1 13310 13310 921.0  <0.0001
Habitat 2 86.8 43.4 30.0 <0.0001
Season * Habitat 2 14.5 7.3 5.0 0.007
Residual 342 4942 14
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Table 6. Results of ANOV As examining the effect of habitat on total cod density at sites with

bottom temperatures ranging from (a) 4-6, (b) 6-8, and (c) 8-10 °C

a) 4-6 °C
Sum of Mean
DF Squares Square F-Value P-Value
Habitat 2 37.9 19.0 54.2  <0.0001
Residual 152 53.2 04
b) 6-8 °C
Sum of Mean
DF Squares Square F-Value P-Value
Habitat 2 12.4 6.2 19.0 <0.0001
Residual 50 16.3 0.3
c) 8-10°C
Sum of Mean
DF Squares Square F-Value P-Value
Habitat 2 30.6 15.3 35.9 <0.0001
Residual 35 14.9 0.4
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Figure 3. The density of cod caught in inshore trawl surveys around Seguin Island between 1992
and 2005 on gravel, mud, and sand habitat. Scheffe’s post hoc tests are represented with letters
above the error bars (bars with different letters signify values that were significantly different at

p < 0.05). Error bars indicate +1 SE.
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Figure 4. Size-frequency distribution of cod captured on gravel, mud, and sand bottom around
Seguin Island, Maine in inshore trawl surveys.
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Figure 5. The density of (a) YOY and (b) larger juvenile cod caught in inshore trawl surveys
around Seguin Island between 1992 and 2005 on gravel, mud, and sand habitat. Scheffe’s post
hoc tests are represented with letters above the error bars (bars with different letters signify

values that were significantly different at p < 0.05). Error bars indicate +1 SE.
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Figure 6. Simple regression defining the relationship between bottom depth and cod TL for cod

captured in trawl surveys conducted in mid-coast Maine.
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Figure 7. The effects of habitat and season on the bottom depth of trawl tows conducted around
Seguin Island between 1992 and 2005. Scheffe’s post hoc tests were conducted to determine
whether the bottom depth of trawls conducted in the spring differed from those in the fall in each
habitat type (bar pairs with an asterisk signify values that were significantly different at p <

0.05). Error bars indicate -1 SE.
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Figure 10. The density of cod in (a) gravel vs. sand habitat at bottom depths between 20-35 m
and (b) gravel vs. mud habitat at bottom depths between 35-50 m caught in inshore trawl surveys

around Seguin Island between 1992 and 2005. Error bars indicate +1 SE.
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Figure 11. The effects of habitat and season on the bottom temperature at sites around Seguin
Island between 1992 and 2005 where trawl surveys were conducted. Scheffe’s post hoc tests
were conducted to determine whether the bottom temperature of trawl tows in the spring differed
from those in the fall in each habitat type (bar pairs with an asterisk signify values that were

significantly different at p < 0.05). Error bars indicate +1 SE.
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Figure 12. The numbers of cod, traw] tows, and cod per tow within each bottom temperature

increment at sites around Seguin Island in mid-coast Maine.
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Figure 13. The density of cod caught in inshore trawl surveys around Seguin Island between
1992 and 2005 on bottom with temperatures ranging from (a) 4-6, (b) 6-8, and 8-10 °C.
Scheffe’s post hoc tests are represented with letters above the error bars (bars with different

letters signify values that were significantly different at p <0.05). Error bars indicate +1 SE.
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Figure 14. Visiting rates of (a) cod and pollock, (b) unidentified and total gadids, (c) cunner, «@
redfish, sculpin and flounder, and (¢) unidentified fish captured in video surveys conducted on
cobble/ledge gravel, and mud/sand habitats in mid-coast Maine. Mann Whitney U tests are

represented with letters above the error bars (bars with different letters signify values that were

significantly different at p < 0.05). Error bars indicate +1 SE.
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Figure 15. Catch rates of (a) cod and pollock and (b) cunner, redfish, sculpin, and sea ravens.
Fish were captured in hook-and-line surveys conducted on cobble/ledge gravel, and mud/sand
habitats in mid-coast Maine. Mann Whitney U tests are represented with letters above the error
bars (bars with different letters signify values that were significantly different at p < 0.05). Error

bars indicate +1 SE.
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