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Abstract

[ investigated the persis  :e of changes in the biology of capelin (Mall s
villosus) of the northern Grand Banks ecosystem, in relation to the food web and other
species. Comparisons of condition, ’ze, and diet for capelin from the northern+ and
Banks, northeastern Scotian Shelf and northern Gulf of St. Lawrence demonstrated that a
lack of large zooplankton (euphausiids) in the Grand Banks capelin diet, follow  the
cold period of the early 1990s, resulted in reduced growth (i.e. stunting) and co! ition.
Examination of diet and stable isotope signatures of capelin and northern shrimp
(Pandalus borealis) revealed no evidence of significant overlap in prey consunr ion.
Thus, the increase in the abundance and distribution of pandalid shrimps during the 1990s
likely did not contribute to the changes in capelin biology and feeding. All evid ce

pointed to bottom-up, not top-dov | forcing of changes in capelin biology.
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in relation to changes in the food web, and the abundance of important species in the
Northwest Atlantic ecosystem. In the first chapter of the thesis, a comparative aj _ »ach,
where size, condition, and diet of capelin were examined within regions in whir  capelin
had declined (northern Grand Banks), increased (Scotian Shelf) and remained re  ively
stable (Gulf of St. Lawrence), was used to investigate the hypothesis that north 1 Grand
Banks capelin hav  become stunted as a consequence of a dietary deficiency. Changes
were compared to the long-te  temperature and Continuous Plankton Recorder data for
the region. In the second chapter of the thesis, the impact of the increased abundance of
shrimp on capelin feeding, in the nortt 1 Grand Banks region, was investigate by
comparison of diets and stable isotope measures (carbon and nitrogen) for both species, in
relation to the hypothesis that 7 consumption of capelin and shrimp overlap)

significantly.
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Capelin diets are similar across the range of the species. In 2 Barents Sea,
capelin growth at several life stages has been linked to the density or abundance of
specific sizes of zooplankton (Gjesater et al., 2002). The grov  of younger capelin has
been correlated with the abundance of small zooplankton includii  small copepods,
copepod nauplii and zooplankton less than 2000 pm, while the growth of older capelin
was correlated with the abundance of large zooplankton greater than 2000 pm including
large copepods (C. hyperboreus and Euchaeta spp.), euphausiids, . 1 amphipods
(Gjoseater et al., 2002). In the Gulf of St. Law  ce, capelin diet shifts from sma
copepods to adult euphausiids, when capelin reach about 140 mm * total length (Vesin es
al., 1981). Copepods, especially C. finmarchicus, form an important part of capelin diet
throughout the year for fish of all sizes in the Barents Sea (Panasenko, 1978; Aji .and
Pushchaeva, 1992), near Iceland (Sigurdsson and Astthorsson, 1991), and historically in
the Gulf of St. Lawrence and on the Newfoundland and Labrador Shelf (Koval v and
Kudrin, 1973; Vesin ef al., 1981; Gerasimova, 1994). Amphipods. 1d especially
euphausiids, become increasingly important in the diets of larger capelin (Vesin et al.,
1981; Panasenko, 1984; Sigurdsson and Astthorson, 1991), especially during the
prespawning season (Kovalyov and Kudrin, 1973; 1 asenko, 1978; Gerasimova, 1994).
It is anomalous that in the present study on the northern Grand Banks, capelin of all sizes
consumed mainly copepods, with increased amphipod consumption only margii  ly
evident in the largest fish, and no euphausiid consumption at all in any size grc |

The absence of euphausiids in the stomachs of NGB capelin in the present study
and the study of O’Driscoll ef al. (2001) is consistent with the decreased abundance of

euphausiids during the 1990s and 2000s on the NGB, as measured by tt CPR (¢ a

29















2002; Vilhjalmsson, 2002), hence it is likely bottom-up forcing has propagated 1 the
food chain influencing not only declines in several capelin eating species, but also their

recovery (or lack of it).

34



Table 1.1 Capelin sample collection from the northern Grand Banks (NGB), Scotian
Shelf (SS), and northern Gulf of St. Lawrence (NSL), during 2004. NGB capeli were
collected during the annual DFO capelin acoustic survey of the northern Grand I ks, SS
capelin were collected during the DFO spring shrimp survey of the northeastern Scotian
Shelf, and NSL capelin were collected by fisheries observers from the bycatch of a

commercial shrimp trawler.

Region Date Gear Depth (m) Duration (min) Cond

NGB Mid to late May =~ Campeien 1800 trawl, 20-310 11-60 Fresh 499
IGYPT midv  rtrawl

SS Early June Shrimp trawl 239-329 30 Frozen 295

MSL Mid June 290 28° Frozen 88
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Table 1.2 Mean length (mm) and standard error (mm) of maturing capelin from the

northern Grand Banks (NGB) and Scotian Shelf (SS), during spring 2004.

Males Females

Age Region n M SE p’ n Mean SE

2 NGB 64 152.84 1.271 <0.001 69 134.49 1.367 <0.001
SS 149 161.15 0.875 80 150.38  0.397

3 NGB 71 166.96  0.752 0.037 48 151.81 1.246 <0.001
SS 11 162.18  3.074 10 168.80  2.682

4 NGB 2 177.00  2.000 — 30 164.30 0921 <0.001
SS 0 — — 35 180.37 0.933

5 NGB 0 — — — 1 165.00 — —
SS 0 — 4 1e< 75 2050 _

*Based on Student's t-tests. Dash ("—") indicates that samples were too small to test stati: ly.
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Table 1.3 Frequency of occurrence of euphausiids (%) in non-empty capelin stomachs,
from spring studies of capelin in the northern Grand Banks region. This study: >ws a

frequency of occurrence of 1.0%, if the samples are not split by maturity.

Collection date

Euphausiid

Year Month(s) Capelin maturity f |uency (%) _ Referance

1972 March to June Unknown 441 Ko V ana sudrin, 1/

1987 April to May Immature 15.9 Gerasimova, 1994
Mature 30.7

1988 April to May Immature 1.9 Gerasimova, 1994
Mature 14.6

1989 April to May Immature 8.8 Gerasimova, 1994
Mature 359

1990 April to May Immatu 4.4 Gerasimova, 1994
M ure 282

1999 May to June Unknown 7.2 O'Driscoll et al. , 2001

2004 May Immature 0.0 F e study
Mat-‘r:nn 17
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Table 1.4 Species composition of calanoid copepods in the stoma: s of capelin collected
from the northern Grand Banks region, during spring ~ )04. Values are reported s mean

number and standard error, per capelin stomach.

Calanus species

Sinmarvenirug glacialis nyperboreus
(Canalin mahlrity NMaan AN 1 QF
Immature (n = 115) U5/ U1 1.3/ 029 1./4 U.40
Mat =~ "~ T onr 446  0.66 417 nea

*Post hoc Tukey test shows a significant difference of p<0.001.
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Figure 1.3 Condition (Fulton’s K) of maturing males and females from the Scc an Shelf
(SS, Males: n=161; Females: n=130), northern Grand Banks (NGB, Males: n=1_ .,
Females: 1  48), and northe  Gulf of St. Lawrence (NSL, Males: n=54; Fem: i n=8)
in the spring of 2004. Regression lines were fitted for NGB males (Y = 0.017 * X +
1.782), SS males (Y = 0.020 * X + 2.182), NGB females (Y =0.012 * X + 1.918), and SS
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and were calculated as X [(Rsampie/Rstandard) - 1] * 1000, where R is the ratio of the
isotopes (Fry, 2006).

Stable isotope samples were simultaneously measured for percent carbon and
percent nitrogen to provide a C/N ratio. C/N ratio is a proxy for lij 1content, as pids are
nitrogen poor relative to other biochemical molecules (McConnau ey and Mcl v,
1979; Rau et al., 1992). 8'3C tends to decrease in animal tissues (including fish) as the
lipid content increases (Ties (et al., 1983; Rauet al., 1992). ierefore, I'test for
differences in 8'>C with char s in the C/N ratio, in each species, by regression. Where
significant, C/N ratio was incorporated as a covariate in further analyses of 8'°C, for
statistical control.

8'°N signatures of invertebrates and fish on the northern Grand Banks vy
geographically (Sherwood and Rose, 2005). I tested for a similar effect by divid 2 my
samples geographically and usit  analysis of variance (ANOV A). ‘apelin samples were
grouped into inshore (Trinity Bay) and offshore (elsewhere on the shelf) samples. No
shrimp samples were available from Trinity Bay, hence shrimp samples were se  rated
into three groupings: near-shore, shelf edge, and locations between those two groups (i.€.
near-shore to the shelf edge). When significant differences were found, tl ¢ phic
grouping variable was incorporated as a random factor in further analyses of 8"*N. for
statistical control. In addition, I tested for differences in 8'>C and 8'°N between species
(by ANOVA or analysis of covariance (ANCOVA)) and with length (by multiple
regression or ANCOVA).

To further examine the potential for trophic competition, I compared TP of shrimp

and capelin, and calculated original trophic fractic  ion factors to measure char :sin
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abundance of both species. Finally, changes in capelin and shrimp abundance :  unlikely
to be solely attributed to the decline of their common major predator, Atlanticc (1.e.a
top-down cascade), as it appears that ca  in have been under bottom-up contr:

independent of changes in shrimp biomass.
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Table 2.2 Stable isotope signatures, ca

)n to nitrogen ratios and length ranges Hr

zoopl: <ton (Euphausiacea, / phipoda, and Copepoda), capelin, and shrimp.

___ 1 gth (mm) §'*C (%) 5N (%) C™ ratio
Species/taxon n Mean SE Mean SE Mean CF, Mean cer
Capelin 34 123.38 5.70 -20.61  0.07 1243 0.10 3.52 0.02
Shrimp 27 19.31 0.57 -18.1 0.07 11.27  0.21 3.29 0.02
Euphausiacea
M. norvegica 3 37.05 1.28 -20.09 0.10 922  0.12 5.01 0.23
T. raschii 3 13.89 1.10 -18.02 0.15 9.14  0.20 4.47 0.09
T. inermis 1 26.16 -18.46 9.76 4.41
Mean -18.97 9.26 4.69
Amphipoda
P. libellula 12 1230 145 -20.14  0.19 774 0.24 5.91 0.24
Hyperiids 2 3.69 0.60 -20.75 025 6.98 1.39 5.92 0.17
Mean -20.22 7.63 5.92
Copepoda
C. hyperboreus 3 528 0.10 -19.78  0.16 740  0.43 7.89 0.37
C. glacialis 3 3.80 0.14 -2091 021 7.81 0.04 6.48 0.66
C. finmarchicus 3 2.55 0. -21.04 046 6.63 1.40 4.87 0.14
M. longa 3 Z 7 008 -20.64  0.03 7.73  0.04 5.19 0.14
Mean -20.59 7.40 6.10
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Table 2.3 Results of analyses of length effect on 8'3C signatures (multiple regr

with C/N ratio as a covariate) and on 8'°N signatu

grouping as a random factor). Sej

ite

Parathemisto libellula, and Copepoda.

i (ANCOVA with geograpl

134 e
Species/taxon F p df* F p df*
Capelin 7.044  0.003 2,31 0.031 0.862 1,31
Shrimp 2406 0.112 2,24 0292 0.5%94 1,23
P. libellula 2915 0.106 29 1.466 028 1.5
Copepoda 3321 0083 79 7488 0213 13

“Degrees of freedom are listed as numerator, denominator.
ents n for the ANCOVAs for P. libellula and
Copepoda. A reduced number of data points were included in the analysis due
some samples as near-shore, shelf, or shelf edge.

® The number in bracl s rej

to the inability to des ¢

66

n

34
27
12 (9)°
17 (6Y°

on

1alyses were conducted for capelin, shr  p.



Table 2.4 Trophic fractionation values (A3"°C and AS'°N) for northern Grand  inks
capelin. Diet proportions (P;), by weight, are based on stomach cc  ents from all spring
capelin collected (n=499) and represent the most common items. ¢ N and §'°C signatures

are based on values in Table 2.2.

Pi (%) 8°C (%) 8'°N (%o0)

Taxon

Euphausiz . 0.02 -18.97 9.26
Amphipoda 0.26 -20.22 7.63
Copepoda 0.65 -20.59 7.40
Polychaeta 0.01 -18.00* 16.60°
Other zooplankton 006 -21.30° 9.75°
Overall diet ¢ ture -20.49 7.68
Capelin signature -20.61 12.43
Trophic fractionation -0.12 4.74

* Value is from Sherwood and Rose  105).

® Value is a composite of signatures for Cirripedia,
mysids, and isopods from Sherwood and Rose (2005)
and gelatinous zooplankton from Pepin and Dower
(2007).
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Capelin numbers (in billions)/Cod numbers (in millions)
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