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Abstract

Knowledge of diet is fundamental to studies of seal ecology and
especially to any understanding of their role as predators in the northwest
Atlantic marine ecosystem. Hooded seals ( Cyostophora cristata ) are one of
the largest of the northern phocids and are abundant in the north Atlantic and
Arctic seas, but very little quantitative data is available on their feeding
behaviour and dietary preferences. The main objective of this study was to

determine the diet of hooded seals in Newfoundland waters.

Otoliths of six prey species, ined from a previous
study on diet of hooded seals, were used to determine fish length / weight -
otolith length / height regressions. For all species except Greenland halibut,
the strongest correlations between otolith size and fish length / weight were
established using maximum otolith length. For Greenland halibut, maximum
otolith height gave a better correlation with fish length and weight. Least
squares linear equations were used to derive fish length for Arctic cod,
Atlantic herring and capelin, while second order polynomial models were
used for Greenland halibut, redfish spp., and Atlantic cod. Fish weight

estimates were derived using power (log - log) models for all six fish species.

Stomach contents of 67 hooded seals collected from inshore and

offshore waters off ! were to

the types of
prey eaten by hooded seals. The majority of stomachs (73%) came from the
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heast coast of dland and were taken

nearshore region along the
in April. Over half of the samples collected were female (64.2%).

Fourteen prey groups were identified in stomachs (10 fish, 4
invertebrate). The relative importance of prey, expressed as the percent total
wet weight of prey d, indicated that G d halibut (Reinhardti
hippoglossoides ) was the most important species, followed in order of

importance by redfish (Sebastes spp.), Arctic cod (Boreogadus saida ),
Atlantic herring (Clupea harengus ), squid (Gonatus spp.), Atlantic cod

(Gadus morhua ) and capelin (Mallotus villosus ).

Using otoliths from a previous study and from this study, lengths and
weights of fish were estimated from a total of 72 stomachs. Hooded seals fed
mainly on fish of 25 - 35 cm length for the larger species, and 15 - 25 cm for
the smaller ones. Fish consumed by seals caught incidentally from offshore
trawlers were larger than those taken elsewhere. The estimated lengths, and
proportions (% weight) of fish found per stomach did not differ significantly
between male and female hooded seals.

‘The proportions (percent weight) of redfish and Atlantic herring
consumed by hooded seals were significantly larger in the summer months,
whereas a higher proportion of Arctic cod was consumed in the winter

months. No seasonal differences were found in actual lengths of fish eaten.



Total energetic values for fish eaten were calculated from estimated
wet weights and energy densitites (kJ/g). Greenland halibut, Atlantic herring
and Atlantic cod had the highest average energetic values (kJ), followed by
redfish, Arctic cod, capelin and squid. Relative contributions of prey,
expressed as the percent total energy of prey recovered, showed that
G ‘halibut i i ly 53% of the total energy

consumed, followed by redfish, Atlantic herring, Arctic cod, squid, Atlantic

cod and capelin. These p i d with those obtained from

P P

percent total wet weight of prey recovered.

‘The relative abundance of the fish species has a strong influence on the
composition of the food in the diet of seals. Hooded seals spend some time in
areas that are exploited by ial fisheries, and ial

fish species of commercial size. However, in order to evaluate the impact of
local predation on individual fish stocks, more information on behavioural

and physiological characteristics of seals and fish are needed.
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CHAPTER 1:
G LI s

1.1. Biology of hood als

‘The hooded seal (Cystophora cristata ) is one of the largest of the
northern phocids. Males reach a length of about 2.6 m and weigh between
300 - 450 kg; the fernales are slightly smaller at 2.2 m and 150 - 300 kg
(Kovacs & Lavigne, 1986). Hooded seals grow rapidly, most females
reaching sexual maturity and whelping by around six years. Males reach
sexual maturity between six and ten years (Reeves & Ling, 1981). The
maximum age in both sexes is approximately 35 years (@ritsland &

Benjaminsen, 1975).

Hooded seals ure difficult animals to study, due primarily to the
environment in which they live. As pelagic deep - diving animals, they tend
to remain offshore and haul out on the heavy drift ice of the north Atlantic
and Arctic seas (King, 1983). They rarely frequent land or shore - fast ice
and are thus isolated from much human interaction. It is believed that
hooded seals are less gregarious than most other northern seals, dispersing
widely while feeding, and remaining solitary or in small groups except
during the breeding period when they congregate for two to four weeks
(Dritsland, 1990).



LLL

Distribution

Based on i i three lations are ized

in the north Atlantic (Figure 1.1.). The largest group whelps off the coast of
southern Labrador and / or northem Newfoundland (the “Front™). A
smaller group of hooded seals found in the Gulf of St. Lawrence (the “Gulf™)
is usually included with this population. A second major concentration of
whelping hooded seals occurs in the Davis Strait, between Greenland and
Canada (64° N). A third group breeds in the eastern Atlantic off Jan Mayen
(71° N, 8° W) east of Greenland (Sergeant, 1974; Bowen, Bonness, &
Oftedal, 1987). Although hooded seals breed in these three separate arcas,
stock delineations are not clear. Animals from the Davis Strait and
Newfoundland / Gulf breeding areas mix at the moulting grounds, and the

similar timing of whelping among all three groups suggests that the

may not be independent (Sergeant, 1974).

The northwest Atlantic |

pop

begin their migration to the

traditional moulting area in the Denmark Strait (66° - 68° N) following
breeding in late March or early April. However, recent information suggests
that some hooded seals may remain in Canadian waters for a period of
months before heading up to the Denmark Strait to moult (G. Stenson,

Department of Fisheries and Oceans, St. John’s, pers. comm.).



Fig. LL
Map of the northwest Atlantic showing the whelping and moulting grounds
of hooded seals (Cystophora cristata ) ding N dland and
Greenland.
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Moulting occurs in late June or July (Kapel, 1982). On completion of

moulting near the end of July, the populations disperse, p bly along the

coast of Greeniand. Autumn and winter distribution of hooded seals in
Canadian waters is poorly known, but timing of migration into Canadian
waters is indicated by repeated sightings on the Grand Banks off
Newfoundland in mid - winter (Rasmussen, 1960; W. Penney, Department of
Fisheries and Oceans, St. John's, pers. comm.) and incidental entrapments in
fishing gear off Labrador and northeastern Newfoundland in January and
February (Lien, Stenson & Ni, 1988).

As a result of these patterns of distribution and the present patterns of
hunting, hooded seals are most often available for sampling in Canadian

waters between February and May from the deep water channels in the

+

nearshore waters along the coast of N dland (Northwest
Atlantic Fisheries Organization, NAFO, area 2J3KL, Fig. 1.2.), and,to a

lesser extent, in waters along the south coast of Newfoundland.



Fig. 1.2,

Map of the Nortt Atlantic di

showing divisions of areas established by the Ni
Organization (NAFO).
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1.1.2. Populations

In 1984, pup production in the whelping patches at the Front and in the
Davis Strait were estimated by aerial surveys (Bowen, Myers & Hay, 1987).
In the Davis Strait, pup production was estimated to be 18,600 (95%
confidence interval of 14,000 - 23,000) whereas at the Front, an estimated
production of 61,400 (95% C.1. 43,700 - 89,000). Roff & Bowen (1983)
estimated a four to one ratio of harp seal (Phoca groenlandica ) pups to seals
aged 1 and over (1+) in order to estimate total harp seal populations.
Assuming this same ratio, the total population of hooded seals at the Front
would be approximately 300,000 in 1984. Estimates of pup production in the
Gulf are approximately 2,000 (Hammill, Stenson & Myers, 1992).

The proportion of the total hooded seal population actually present in
Canadian waters at any given time is unknown. Although hooded seals

undergo regular schedules of migration and dispersal, their specific

movements may vary with changes in climate and ice cover (Reeves & Ling,
1981). Immature hooded seals are not often seen in southern Canadian

waters, and it is possible they remain in G d or the Arctic

the year (Kapel, 1980).




1.2, Feeding of hooded seals

A better understanding of the ecology of hooded seals can be gained
through knowledge of feed..ig. For example, feeding studies can elucidate
information on behaviour: whether the seals are specialist or generalist
consumers, or whether gender, age or seasonal differences in feeding exists.
Information on feeding is also important in the assessment of the potential

interactions between hooded seals and commercial fisheries.

To understand feeding ecology several factors must be evaluated.
Primarily, diet position must be d d
type of prey
various prey in the meals, and average meal size (Bonner, 1982; Beddington,
Beverton & Lavigne, 1985; Bowen, 1985; Harwood & Croxall, 1988).

Relative caloric contributions of various prey in the meals consumed at

information gained

size (weight, length and volumes) of

different locations must also be established. Energy content of the prey, as
well as diet, can also vary seasonally and geographically. If such information
is used in conjunction with measurements of the daily energy requirements,
the quantities of different species that are consumed at different times of year

throughout the seals’ range can be estimated (Harwood & Croxall, 1988).

Qualitative and itative i ion on the food of seals, by

examination of stomach contents, has been collected for species such as
harbour seals ( Phoca vitulina ) and stellar sea lions (Eumetopias jubatus ) in
the Gulf of Alaska (Pitcher, 1981), ribbon seals (Phoca fasciata ) in the
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Bering Sea (Frost & Lowry, 1980), harp seals in the northeast Atlantic

(Lydersen, Angantyr, Wiig & @ritsland, 1991), and coastal waters of west
Greenland (Kapel & Angantyr, 1989), and grey seals ( Halichoerus grypus )
in eastern Canada (Benoit & Bowen, 1990) have been described in this
manner. However, very little had been documented of the feeding ccology of
hooded seals.

The main objective of this study was to determine the diet of hooded

seals in the waters off the coast of N d. This was ished in

three phases.

In the first stage, common fish prey species of hooded seals found in
waters off the coast of Newfoundland (Stenson, Ni, Ross & McKinnon, 1991)
were used to derive estimates of fish length and fish weight from the
measured size of otoliths into fish length / weight - otolith length / height
regressions (Chapter 2). These relationships were fit with least squares
regressions, using linear, polynomial and power (log - log) models.
Differences in length and height between left and right otoliths of cach
species, as well as spatial and temporal differences in size within each fish

species were also examined.

In the second stage, stomach contents of hooded seals collected from

the waters off Newfoundland and Labrador were examined in order to



determine the types of prey eaten (Chapter 3). The average sizes (length and
weight) of prey eaten were determined from the regression equations

established in the previous section. Relative importance of food items in the
d through ing weights of prey species found in

diet were exp
the stomach contents. These results were compared with frequency of
occurrence results obtained from the same stomachs examined. Gender and

seasonal differences in prey eaten were also examined.

In the final section, ic imp of the six prey
species which comprised the hooded seal diet were examined (Chapter 4).
Caloric values were d ined by proximal composition analysis or from

published values. Both winter and summer caloric values of fish were
collected when possible. This information was used in conjunction with
estimated wet weight values obtained from the previous section in order to
determine the total energetic values for fish eaten. Seasonal and gender
differences in energetic values of fish were examined. The relative
importance of prey expressed as the percent total gross energy of prey
recovered was determined, and compared with other methods used

previously.



CHAPTER 2:

2.1. In ion

Sagittal otoliths of teleost fish found in the stomachs of seals are often

used in the ination and i ion of qualitative and

aspects of food habits of seals and whales (Fitch & Brownell, 1968; Frost &
Lowry, 1980; Finley & Gibb, 1984). They are resistant to digestion as they
are the most dense structure in fish, and situated well inside the brain cavity,
otoliths are well protected from digestive juices of the stomach (Treacy &
Crawford, 1981). Furthermore, otoliths possess a series of morphological
features which are species - specific.

Since as early as 1903, hers have used the p: of fish

otoliths in stomachs of marine mammals to identify prey species (Fitch &

Brownell, 1968). More recently, it has been demonstrated that otoliths can
also be used to estimate the original lengths, weights, total numbers and ages
of fish ingested (Frost & Lowry, 1981; North, Croxall & Doidge, 1983;
Jobling & Breiby, 1986; Finley, Bradstreet & Miller, 1990). Fish size
(length and weight) is usually derived through growth back - calculation
procedures based on the ratio between fish length and some measure of
otolith size (Carlander, 1981). The regression model predicts fish length
from the size of the otolith using a fish length / otolith length regression

equation from samples of the population. This procedure assumes no



deviation of individual fish and otolith measurements from the overall

regression (Campana, 1990). Recent studies have demonstrated that within a

species, the otolith - fish length relationship can vary ically with the
growth rate of the fish (Reznick, Lindbeck & Bryga, 1989; Secor & Dean,
1989). For example, otoliths from slow - growing adult fish are consistently
larger and heavier than those of fast - growing fish of the same size.
However, since the main purpose of these correlations in marine mammal
feeding studies is to attain mean back - calculated lengths and weights rather

than individual values, this bias is unimportant,

A number of papers have been published in which otoliths have been

described, and their used to i g qt to

determine original fish lengths and weights of prey consumed by seals. For
example, published keys to otoliths exist for adult fishes in the Gulf of
Alaska, Bering, and Beaufort Seas (Morrow, 1979), the Southern Ocean
(Hecht, 1987), and the nortt Atlantic (Hark 1986).
of otolith length to fish length and weight have also been described for
selective fish species of the Bering, Chukchi, and Beaufort Seas (Frost, 1980;
Frost & Lowry, 1980; 1981), bays in Oregon (Brown & Mate, 1983) and
California (Antonelis, Fiscus & DeLong, 1984), and off southern New

England waters (Selzer, Early, Fiorelli, Payne & Prescott, 1986). However,
no published data exist which estimate fish lengths or weights from otolith

measurements for fishes in the northwest Atlantic.
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Some studies have shown that otolith size / fish size relationships ma.y
vary both between stocks and between geographical regions (Messieh, 1972).
Thus use of equations derived from one area may not be appropriate for
another. Moreover, in many of the previous studies, information on sample
size, sex, season, and reproductive status of the samples used were not
presented. Information on whether or not both left and right otoliths were

used in the analysis was often missing.

The purpose of this chapter was to formulate equations to predict body
length and wet weight of fish at time of ingestion for important prey species
of hooded seals found in waters off the coast of Newfoundland. The six
common prey species used were determined from a previous diet study of
hooded seals (Stenson et al., 1991). Reg

il were d
by correlating otolith length and / or height with fish length and weight for
undigested fish. Differences in length and height between left and right
otoliths of each species were examined, as well as spatial and temporal

differences in the otolith / fish size relationship within each fish species.
2.2. Materials and Methods

Common prey species of hooded seals, Greenland halibut
(Reinhardtius hippogloissoides ), redfish ( Seb spp .), Atlantic herring
(Clupea harengus ), Arctic cod (Boreogadt:s saida ), Atlantic cod (Gadus
morhua ), and capelin (Mallotus villosus ) were collected off the east coast of

\ d by the De of Fisheries and Oceans personnel during




routine research cruises. Attempts were made to a) collect samples from
areas and seasons corresponding to those from which hooded seal stomach
samples were also taken, and b) collect a large size (body length) range for
each fish species examined which included the size range of the prey found in
the hooded seals stomachs examined. Size range of ingested fish was

estimated from whole prey found in preliminary of

A minimum of 30 to a maximum of 71 samples from each fish species
were taken. In order to get a large enough sample size, and / or range in
lengths for a particular species, in some instances, it was necessary to
examine fish which had been collected from either two different areas, years

and/or seasons (Table 2.1.).

Specimens were frozen upon capture and stored at - 20° C. Samples
were thawed prior to measurement. No correction was made for possible
reductions in length and / or weight due to freezing. Total length of fish (+
0.5 mm) was measured for Greenland halibut and capelin, while fork length
was taken for Arctic cod, Atlantic cod, redfish spp. and Atlantic
herring. Wet weight (+ 0.1 g) was also determined for each fish. Both left
and right sagittal otoliths were extracted from each of these fish and stored
dry until measured. Maximum length (anterior - posterior) in the sagittal
plane and height (dorsal - ventral) (Fig. 2.1.), measured to the nearest 0.01

mm, was recorded for each otolith using an image analyzer.



Table 2.1. Location and date of collection of common prey species of

hooded seals ( Cystophora cristata ) collected in waters off

Newfoundland.

Fish Species NAFO Area Month Year Number
(Fig. 1.2.) of Samples
Arctic cod 3K November 1991 30
(Boreogadus saida)
Atlantic cod 3K December 1991 50
(Gadus morhua)
Capelin 3K July 1990 31
(Mallotus  villosus)
3L July 1991 40
Greenland 3Ps January 1991 24
halibut
(Reinhardtius
hippoglossoides) 3N November 1991 35
Atlantic 3K July 1990 25
herring
(Clupea harengus) K July 1991 37
Redfish 3N August 1991 25
(Sebastes spp)
3L November 1991 25




Fij 1
Diagram of the inner face of a generic left sagittal otolith showing general
physical characteristics of the otolith, and the maximum length and the
maximum width measurements taken. In each case, length was measured

first, and height taken at a perpendicular angle to the length.
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Differences between measurements of left and right otoliths
within each species were compared using two-tailed paired t - tests. Fish

length (FL) and otolith length (OL) or height (OH) comparisons were fit

with least squares A linear or pol; inal model was used to

describe the relationship, depending upon the variance accounted for.
Residuals plotted against otolith length or height were visually examined. If

a pattern was found, the model was rejected.

The relationships between otolith length or height and fish weight
(FW) were investigated by fitting linear Jeast squares regressions to the log -
transformed data (North et al., 1983). The power curve was determined by
correlating the log of the otolith length or height with the log of fish weight.

Models were rejected when patterns were found in the residuals.

Spatial differences in size correlations were examined for the
Greenland halibut and redfish samples which contained fish from different
areas within one year. Temporal variations of the data were examined for
both Atlantic herring and capelin samples which contained fish from the

same area and month, but from two years (1990 and 1991; Table 2.1.).

Regressions were developed for each subset within each of these fish
species. Comparisons of slopes and intercepts of the two lines were
compared using analysis of covariance. To validate the equality of the slopes,
an interaction effect was introduced into the equation. The test for

homogeneity of regression looked for the presence of an interaction between



otolith size and either area, season, or year. If the F test failed to show a
significant interaction at the 0.05 level, the slopes were considered similar
(parallel) and the significance of the vertical difference between the two lines
(the difference in covariance adjusted means) was tested (Hays, 1988).
Generally, pooling data from different populations lowers the precision of
the correlation. However, due to small sample sizes, uncertainty of existing
fish stocks, and the fact that fish samples were not available from all arcas, in
every season, for all years needed, the samples from different years, and

areas were combined in the final regression analysis.

2.3. Results

2.3.1. Relationship between left and right otoliths

Left and right otoliths were available for 28 Arctic cod, 26 Atlantic
cod, 69 capelin, 52 Greenland halibut, 43 herring, and 24 redfish spp. Paired
t - tests showed no significant differences between length or height
measurements for left an.: right otoliths for each of the six fish specics
examined (Table 2.2.). Therefore, the measurements of the left and right
otoliths were averaged for each fish, and this average was used in the

subsequent regression analyses.



Table 2.2. Results of t-test analysis on the relationship between lengths
(OL, in mm) and heights (OH, in mm) of right and left otoliths,
from six important prey species of hooded seals (Cystophora

cristata ) in waters off Newfoundland.

t 11
Species daf Otolith p= Otolith p=
Length Height
Arctic cod 27 0.18 0.86 -1.53 0.14
(Boreogadus saida)
Atlantic cod 25 -0.33 0.74 -1.34 0.19
(Gadus morhua)
Capelin 68 -0.04 0.97 -0.39 0.70
(Mallotus  villosus)
Greenland 51 0.58 0.56 0.57 0.57
halibut
(Reinhardtius
hippoglossoides)
Atlantic herring 42 145 0.15 -1.29 0.26
(Clupea harengus)
Redfish 23 0.13 0.90 -0.57 0.57

(Sebastes spp)
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2.3.2. Relationship between otolith size and fish size

For all fish species, with the exception of Greenland halibut, maximum
otolith length provided the better correlation with fish length than did otolith
height. For Greenland halibut, maximum otolith height was more highly
correlated with fish length (Table 2.3.).

Both linear and quadratic regression models were applied to the data in
order to determine the best relationships between otolith size and fish length
for each of the six species. For Arctic cod, capelin, and herring, linear
regressions provided the best predictive equations of fish length from otolith
size (Figs. 2.2. and 2.3.). In each of these cases, the regression coefficients
(r2) were slightly higher using the linear model, although both regressions
were highly significant (Table 2.3.). Visual examination of residuals plottcd
against otolith length for each of these species showed no particular pattern

(see p. 635 of Hays, 1988 for a description of patterning in residuals)

that the ion of i i was not violated
(Fig. 2.4. and 2.5.).



23

Table 2.3. Linear and gradratic regression equations of fish length (FL, in

cm) on otolith length (OL, in mm) and otolith height (OH, in
mm) for prey species of hooded seals (Cystophora cristata ).

Species Equation P 2 F n
Arctic cod FL=2050L)+1.53 * 00001 092 31021 30
(8. saida) FL=0.16(0L)2+7.84 00001 091 27904 30

FL =7.91(0H) - 6.19 00001 086 17486 30
Capelin FL=5500L)-0.08 * 00001 079 26009 71
(M. viltasus) FL=0900L)2+821 00001 077 23186 71

FL = 7.08(OH) + 2.13 00001 051 6998 71
Atlantic cod FL=4.850L)-2562 00001 090 43543 50
(G. morhua) FL=0.17(0L)2+847* 00001 092 54078 50

FL=8850H)- 1472 00001 089 40667 50
Greenland
halibut FL =5.64(0L) - 4.91 00001 095 117285 59
(R. FL=066(0H)2 +1293 00001 096 1567.63 59
hippoglossoides)

FL=7.6200H)-7.15 * 00001 096 1567.63 59
Atlantic herring  FL=5550L) +0.04 * 00001 097 172341 62
(C. harengus) FL=078(0L)2+8.17 00001 096 128839 62

FL=1361(OH)-4.13 00001 094 101024 62
Redfish FL =2.47(0L) - 1.68 00001 095 95792 50
(Sebastes spp.) FL=0.12(0L)2 +9.82* 00001 096 116322 50

FL = 4.41(OH) - 5.16 00001 093 59872 50

* Indicates the equation used to estimate original fish lengths



Fig. 2.2,
Relationship between a) otolith length (OL) and fork length (FL) of Arctic
cod (Boreogadus saida ) (12 = 0.92, p =0.0001, n = 30), and b) otolith length
(OL) and total length (FL) of capelin (Mallotus villosus ) (2= 0.79, p=
0.0001,n =71).
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Fig. 23,
Relationship between otolith length (OL) and fork length (FL) of Atlantic
herring (Clupea harengus ) (r2=0.97, p = 0.0001, n = 62).
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Fig. 24,
Plots of residuals against otolith length (OL) of a) Arctic cod (Boreogadus
saida), and b) capelin (Mallotus villosus ) for the linear regressions shown in
Fig 2.2
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Eig. 2.5,
Plot of residuals against otolith length (OL) of Atlantic herring (Clipea
harengus ) for the linear regression shown in Fig 2.3.
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Residuals plotted against otolith length for Atlantic cod and redfish
samples showed some p ing in the linear i all residual points

fell above the zero line for both smaller and larger sized otoliths, whereas
residuals for mid - sized otoliths fell equally above and below the line. This
suggested that there may have been more to the relationship between otolith
length and fork length than could be explained by the simple linear model,
and that the assumption of homogeneity of variance had been violated.
Residuals for the quadratic relationships for Atlantic cod and redfish showed
ppeared to obey all ions (Fig. 2.6.).
Second order polynomial regressions for both species are given in Table 2.3.

no apparent abnormalities and

and are shown in Fig. 2.7.

Although the linear regression between otolith height and fork length
for Greenland halibut provided a good fit to the data, visual examination of
the residuals showed a slight pattemn. A second order polynomial was
therefore applied to the data (Fig. 2.8.). Residuals plotted against the squarc
of otolith height showed no particular pattem (Fig. 2.9.).
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Fig. 2.6,
Plots of residuals against otolith length (OL) of a) Atlantic cod (Gadus

mer :ua),and of b) redfish spp. (Sebastes spp ) for the quadratic regression.
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Fig. 2.7.
Relationships between otolith length (OL) and fork length (FL) of a)
Atlantic cod (Gadus morhua ) (12 = 0.92, p = 0.0001, n = 50), and of b)
redfish spp. (Sebastes spp.) (12 = 0.96, p = 0.0001, n = 50), using second

order polynomial models.



Fork Length (cm)

Fork Length (cm)

a)
80~

o]

504

FL = 847 + 0.17 (OL)*2 R*2 = 0.92

b)
.
35

30

25

T T T T T T —
50 100 150 200 250 300 350 400

(Otolith Length)*2

FL = 982 + 0.12 (OL)*2 R*2 = 0.96

x

td
4

T T T —T T T T T 1
25 50 75 100 125 150 175 200 225 230

(Otolith Length) A2 (mmA2)



37

Fig. 2.8.
Relationship between otolith height (OH) and total length (FL) of Greenland
halibut (Reinhardtius hippoglossoides ) using a second order polynomial
model (r2 = 0.96, p = 0.0001, n = 59).
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Fig. 2.9.
Plot of residuals against otolith height (OH) of Greenland halibut
(Reinhardtius hippogl ides ) for the quad i
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For Arctic cod, capelin, Atlantic cod, and redfish spp., otolith length
provided the best tod ine fish weight (Table 2.4.). Both
otolith length and height provided equally high correlations for Atlantic

herring (based on r2 values). However, since otolith length was used in the
fish length equation and it is the more commonly used measurement, this
parameter was used for the reconstruction. Otolith height provided a better
fit to the line than otolith length for Greenland halibut, thus, this parameter

was used in the final reconstructions (Figs 2.10. to 2.13.).

2.3.3. Spatial and temporal differences between fish

For the relationship between otolith length and tish length, significant
differences were found in slopes of capelin and Atlantic nerring samples
between 1990 - 1991 (p < 0.05 for each; Table 2.5.). Redfish samples,
containing subsets from two different areas, also showed significantly
different slopes (p < 0.05). Significant differences in slopes for these fish

implies that the ions are not g and that the linear or

quadratic relationship between otolith size and fish length is dependent on
year in the case of capelin and Atlantic herring, and area in the case of redfish
spp. The slopes of the otolith height - fish length regression lines for
Greenland halibut did not differ between the south shore and offshore groups
(p > 0.05), and analysis of covariance using otolith height to predict fish
length with area as the covariate also indicated no significant differences in
the intercepts (p > 0.05; Table 2.5.). Plots of otolith size - fish length for
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Table 2.4. Regression equations of fish weight (FW, in g) on otolith length
(OL, in mm) and otolith height (OH, in mm) using log-
transformed data for common prey species of hooded seals

(Cystophora cristata ).

Species Equation P r2 F n
Arctic cod FW =0.20(0L)264 * 00001 0.88 20553 30
(B. saida) FW =0430H)%26 00000 087 18640 30
Capelin FW =093(0L)305 *  0.0001 079 26258 71
(M. villosus ) FW =34700H)2%0 00001 057 968 71
Atlantic cod FW =0.0025(0L)*72*  0.0001 094  680.62 SO
(G. morhua) FW=037(0H*02 00001 092  537.68 50
Greenland FW =0.26(0L)3.64 0.0001 096  1447.36
halibut
(R. »
hppogtossoides) FW=0410H339 + 00001 098 227191
Atlantic herring FW = 1.48(0L)308 * 0,001 098 315617 62
(C. harengus) FW = 6.02(0H)4-22 0.0001 098 260535 62
Redfish FW =0.130L)312 *  0.0001 0.95 882.25 50
(Sebastes spp ) FW = 0.21(0H)3.63 0.0001 094 76314 50

* Indicates the equation used to estimate original fish weights
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Fig, 2.10,
Relationships between otolith length (OL) and fish weight (FW) of a) Arctic
cod (Boreogadus saida ) (r2 = 0.88, p = 0.0001, n = 30), and of b) capelin
(Mallotus villosus ) (r2=0.79, p = 0.0001, n = 71), using log - transformed
data .
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Fig, 2.11
Relationships between otolith length (OL) and fish weight (FW) of a)
Atlantic cod (Gadus morhua ) (12 = 0.94, p = 0.0001, n = 50), and of b)
redfish (Sebastes spp.) (12 =095, p = 0.0001, n = 50), using log -
transformed data.
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Fig. 2.12
Relationship between otolith length (OL) and fish weight (FW) of Atlantic
herring (Clupea harengus ) using log - transformed data (12=0.98,p =
0.0001, n = 62).
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Fig. 2.13
Relationship between otolith height (OH) and fish weight (FW) of Greenland
halibut (Reinhardtius hippoglossoides ) using log - d data (2=

0.98, p=0.0001, n =59).
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Table 2.5. Relationship between linear regression lines for four fish

species which contained subsets of fish from different years,

areas and/or seasons.
Difference in Difference in df
Slope (p=) Intercept (p=)
Otolith Length / Fish Length
Capelin 0.0034 - 67
(M. villosus )
Greenland halibut 0.5071 0.6492 55
(R. hippoglossoides)
Alantic herring 0.0033 - 58
(C. harengus )
Redfish 0.0129 - 46
(Sebastes spp )
Otol’ b Length / Fish Weight
Capelin 0.0043 = 67
(M. villosus )
Greenland halibut 0.2836 0.0001 55
(R. hippoglossoides)
Atlantic herring 0.1726 0.0002 58
(C. harengus )
Redfish 0.1686 0.0001 46

(Sebastes spp. )




subsets of capelin, herring, redfish and Greenland halibut are shown in
Figures 2.14. and 2.15.

For the relationship between otolith length and fish weight, significant
differences in slopes for 1990 and 1991 capelin were found (p < 0.05; Table
2.5.). This implies that the relationship between otolith length and fish
weight is dependent on the year that the samples were taken. Analyses of
covariance showed that no significant differences (p > 0.05) occurred
between slopes for subsets within Greenland halibut, Atlantic herring or
within subsets of redfish spp. However, intercepts were significantly
different when area or year were taken out as covariates for all of these
species (p < 0.005). Figures 2.16. - 2.17. show the otolith size / fish weight
regression lines for each subset within each of the fish species examined.

2.4. Discussion
2.4.1. Relationship between left and right otoliths

Since no differences were found between measurements from left and
right otoliths, measurements of the left and right otoliths were averaged for
each fish and plotted against fish length. In other studies in which otoliths
were used to establish i i from both left and

right otoliths from each fish were used separately to plot the best correlation
(Frost & Lowry, 1981; G. Lilly, Department of Fisheries and Oceans, St.
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Fig. 2.14
Relationships between a) otolith length and total length for capelin (Mallotus
villosus ) (psiope = 0.0034, df = 67), and between b) otu.ith length and fork
length for Atlantic herring (Clupea harengus ) (Psiope = 0.0033, df = 58),
caught in 1990 and 1991.
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Fig. 2.15.
Relationship between a) otolith length and fork length for redfish spp.
(Sebastes spp. ) caught in 1991 in NAFO areas 3L and 3N (psiope = 0.0129, df
= 46), and between b) otolith height and total length for Greenland halibut
(Reinhardtius hippoglossoides ) caught in 1991 from NAFO areas 3Ps and
3N (psiope = 0.5071, Pintereep = 0.6492, df = 55).
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Fig. 2.16
Relationship between a) otolith length and total weight of capelin (Mallotus
villosus ) (psiope = 0.0043, df = 67), and between b) otolith length and total
weight for Atlantic herring (Clupea harengus ) (Psiope = 0.1726, Pintercept =
0.0002, df = 58), caught in 1990 and 1991.
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Fig. 2.17.
Relationship between a) otolith length and total weight for redfish spp.
(Sebastes spp. ) caught in 1991 in NAFO areas 3L and 3N (psiope = 0.1686,
Pintercept = 0.0001, df = 46), and between b) otolith height and total weight
for Greenland halibut (Reinhardtius hippogle ides ) caught in 1991 from
NAFO areas 3Ps and 3N (psiope = 0.2836, Piniercept = 0.0001, df = 55).
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John’s, pers. comm.). This technique was not used in this study for two
reasons. Averaging measurements from the two otoliths helped to reduce
possible variance which might occur within each separate measurement if
both left and right otoliths were used (S. Campana, Bedford Institute of
Oceanography, Dartmouth, pers. comm.). This procedure also eliminated
the possible violation of the assumption of independence of variables which

results when both otolith measurements for each fish are used in the analysis.

In the present study, the mean difference between left and right
Atlantic herring otoliths was 0.01 mm. Although no significant differences
were found for any of the fish examined in this study, Atlantic herring did
have the largest difference in measurements than any of the other species.
The fact that a significant difference was found for Atlantic herring in thc
study by Lidster (unpublished data), and not the present one could be due to
the difference in sample size used: 206 herring compared to the 43 examined
in this study. Differences could also be due to differences in the precision of
the instruments used to take the measurements, or from inter - experimenter
reliability. Vemier calipers were used in the former study, whereas an

image analyzer was used in the present one.
24.2. Relationship between otolith size and fish size
Otolith length is the most common criterion used in the literature for

length prediction equations. It is the largest one - dimensional parameter of

the orolith and may minimize the measurement error present when other



morphometric parameters are used (Hirkonen, 1986). For five of the six

species ined, otolith length provided the best for the
determination of regressions to predict sizes of fish. In the case of Greenland
halibut otoliths, the second largest one - dimensional parameter, otolith
height, was more highly correlated to body length than otolith length.
Greenland halibut otoliths are thin, and the anterior margin is extremely
variable in shape, often containing long, finger - shaped tubercles at the
dorso - anterior margin (Hirkdnen, 1986). These pointed, irregular ends

may result in errors, thus, | ing the lation coeificient.
There is less variability in shape of the dorsal and ventral margins, therefore,
the h=ight parameter proved to be a more appropriate parameter in this
study.

Although most previous studies have used the simple linear regression
equation to describe the best fit line for otolith length to body length
correlations (Frost & Lowry, 1981; Finley & Gibb, 1984; Hirkonen, 1986),

second order p

2 were also ined in this study. They

provided better equations than the simple linear model to predict lengths for
Atlantic cod, Greenland halibut and redfish spp.

For all but one species, coefficients of determination (r2) for fish
length regression equations were equal to or above 0.92, indicating a very
high correlation between otolith size and fish length. Capelin, which are
sexually dimorphic, was the only species in which the regression coefficient

was cousiderably lower than the rest (r2 = 0.79). The lower correlation
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likeiy reflects the different growth patterns generally shown by male and
female capelin (B. Nakashima, Department of Fisheries and Oceans, St.
John’s. pers. comm.). Between age 1 - 3, there is a greater acceleration in
growth of males relative to femaler. The size disparity between sexes
increases to a maximum of 30 mm at age 3, and decreases slightly thereafter
(Winters, 1982). Although ages of capelin were not recorded for this study,
itis very likely that our sample contained fish within this age group as sizes
of capelin were comparable to those examined in the Winter’s study (1982).
‘The ratio of females to males examined in the 1990 and 1991 samples were
dissimilar indicating that there is a good possibility that gender may have
caused a large proportion of the variance found. However, as sex of fish
cannot be discemned from examination of otoliths alone, which is often the
case when looking as stomach remains, the data were not analyzed on a

gender basis.

Aside from capelin and Arctic cod, regression coefficients for
cquations predicting fish weight from otolith size were extremely high,
ranging from 0.94 - 0.98, also indicating a high correlation between otolith
size and fish weight. Again, the lower capelir values may be explained as
above. In the case of Arctic cod, the lower regression coefficent could be due

1o a low sample size, gender or stock differences as well.



2.4.3. Spatial and temporal differences between fish

Significant differences between slopes were found in regression lines
predicting both fish length and fish weight for sub - samples of capelin. As
subsets of these capelin represent different years, this is an indication that

possibie temporal differences influence growth within this species.

Capelin growth may be affected by environmental conditions. Water

p in areas ling N dlan‘. during 1991 were
anomalously cold (Narayanan, Prinsenberg & Colboumne, 1992) resulting in
slower maturation and later spawning of capelin in inshore waters
(C dden, Frank & N; i 1992). Colder water temperatures may

have also affected the growth raie of this sample. Growth rate of capelin

inhabiting cold water, such as in the Labrador region, is rather slow
compared to capelin inhabiting warmer waters, such as the Grand Bank arca,

in which final size is approached more rapidly (Winters, 1982).

Significant differences between slopes for length predictive cquations

and i pts for weight predicti ions in sub - samples of Atlantic
herring from 1990 and 1991 also indicate a temporal difference in growth
rate. As with capelin, it is difficult to say if growth of Atlantic herring
varied yearly. Relationships between spawning time, water temperature and
age structure have been reported for Atlantic herring. Different age - classes
mature at different rates (Lambert, 1987). As well, data points from the two

years in the present study do not overlap; all 1991 samples are larger than
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the 1990 samples such that each regression line alone does not represent a full
size range of Atlantic herring found in the diet of seals. Yearly differences
found for both capelin and Atlantic herring suggest that separate regression
equations should be formulated for each year that these species are found in

seal stomachs.

For redfish spp., the slopes for the otolith length to fish length
relationship using a second order polynomial regression were significantly
different for different areas, as were the intercepts for the weight prediction
equations. This may be explained by the fact that the data points for the two
subsets were not equally distributed throughout the size range examined.
Samples taken from NAFO area 3N in August were clustered in the mid -

section of the size range.

There is no evidence in the literature that growth rates of redfish vary
by gender or age. However, there is evidence that growth rates are
significantiy different for at least two of the three species within this genus
(Ni & McKone, 1981). Three common redfish species (S.mentella, S.
fasciatus, and S. marinus ) are found in Newfoundland waters. Due to

ove of it is difficult to

distinguish between species (Ni, 1981). Some textbooks combine all three
species into one for this reason alone (Leim & Scott, 1966; Scott & Scott,
1988). It is possible that more than one redfish species may have been
included in the present study as different species were not identified.
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Differences in regression lines were probably not due to spatial
differences of the samples examinzd. Although subsets were taken from two
NAFO areas, 3N and 3L, these areas are found side by side off southeastern
Newfoundland (Fig. 1.2.) and are considered as one area for redfish stock
assessment purposes (Parsons, 1976; Atkinson & Gavaris, 1981; Ni &
McKone, 1981).

No significant differences in the otolith height - fish length
relationship were found in the slopes or intercepts for Greenland halibut
from two different areas, indicating that there is no difference between the
relative growth rate of the otoliths between the two areas. However,
differences between areas in the intercepts between the two lines were found
in the otolith height - fish weight relationships indicating that there may be

morphometric differences in fish between the two areas.

According to stock identification studies using meristics (Misra &
Bowering, 1984), biochemical genetics (Fairbaim, 1981), blood protozoa
(Khan, Dawe, Bowering & Misra, 1982), and external tagging (Bowering,
1984), there are two separate spawni lations of G halibut.

Greenland halibut from the Davis Strait and West Greenland area to the
Labrador - eastern Newfoundland area, including the northern Grand Bank,
constitutes a single biological stock, while a second genetically homogeneous
stock has been suggested for Greenland halibut found in the Gulf of St.
Lawrence and Fortune Bay areas off southern 2nd western Newfoundland
(Bowering, 1984; Misra & Bowering, 1984). .



Since one subset of Greenland halibut in this study came from the
Fortune Bay - Gulf of St. Lawrence area (NAFO area 3Ps), and the other
subset came from the Grand Bank area off eastern Newfoundland (NAFO
arca 3N), there is the possibility that two separate stocks may have beer.

represented.

It is evident from the results ined that i ions may

vary within a species both spatially and temporally. Careful attention is
required in selecting the appropriate equations to each fish species in the
determination of fish size from otolith size. Subsets of fish within each of the
capelin, Atlantic herring and redfish spp. samples examined were pooled for
the final reconstructions. Sub - samples of Greenland halibut were also
pooled in order to incorporate a full size range of fish in the regression.
‘When separate equations were used to estimate fish length and weight for
these two stocks, no significant differences were found between the two for
length or weight estimations. Therefore, subsets were combined. To
substantiate the possible stock differences, it would be necessary to examine
fish growth equations from all other areas in which Greenland halibut are

taken by seals.




CHAPTER 3:
Diet of hooded seals

oducti

Knowledge o: diet is fu to studies of the ecology of seals and
especially to any understanding of their role as predators in the northwest

Atlantic marine ecosystem. Examination of hard parts of prey remains in

and faeces is ly used to obtain information on diet and to
elucidate food habits in many seals (Prime & Hammond, 1987). This
technique involves analysis of species - specific otoliths, eye lenses and other
characteristic bony parts such as vertebrae in fishes, as well as carapaces and
beaks in invertebrates.

Hard parts from prey remains are examined during different stages of
digestion, depending on the most appropriate methodology. For example,
examination of hard parts of prey remains found in faecal samples is
applicable in situations where the killing of animals is not desired or possible.
However, hard parts must pass completely through the digestive system
before they become available for analysis. Therefore, the under -
representation of some foods due to digestive p is probl
(DaSilva & Nielson, 1985; Pierce et al., 1991b). An added difficulty with
this technique is that facces can only be collected seasonally on ice or land
when animals have hauled - out (Pierce, Boyle & Diack, 1991). This is

particularly true for hooded seals. Hooded seals rarely frequent land, and
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are only accessible to humans during the breeding and moulting seasons at
which time they rarely eat. Thus, in this species, faecal examination is not a

suitable method of diet determination.

Using the stomach lavage technique, partial samples of stomach
contents may be obtained from live seals. Seals are captured, restrained, and
/ or chemically immobilized, and contents from the stomach are pumped by a
suction tube which is inserted through the mouth. By obtaining food directly
from the stomach, this method reduces the time that hard parts are subjected
to digestive juices. However, stomach - flushing techniques can be very time
consuming and costly. Most importantly, as with scat analysis, this method

does not solve the problem of the accessibility for feeding hooded seals.

The most iate method of attaining dietary i ion and

interpreting food habits of hooded seals using hard parts of prey remains is
by examination of the complete stomach contents. If collection of stomachs
from dead seals is not restricted to one area and / or season, there are more
opportunities for securing a food record. A major limitation of this
methodology is that in many cases, seal stomachs are empty, rendering this an
inefficient method of collecting data (Prime & Hammond, 1990), However,
many researchers claim that this method provides detailed information with
fewer biases in interpretation and quantification than either the stomach
lavage or scat analysis techniques (Rae, 1973; Hyslop, 1980; Murie &
Lavigne, 1986).
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A more recent method of evaluating feeding of marine mammals is
based on stable isotopic comparisons which indicate the trophic level at which
feeding occurs. Whereas the methodologies mentioned above can only
provide a short - term record of recently ingested foods, carbon and nitrogen
isotope ratios (delta!3C and delta!5N, respectively) reflect materials that
have been assimilated over a longer period and, therefore, provide a long -
term indication of diet (Ostrom, in press). The problem with this method as
applied io seal diet studies is that because isotope ratios average across the

variety of food ingested, it is often very difficult to infer diet composition.

Very little quantitative data are available on the feeding behaviour and
dietary preferences of hooded seals. Sergeant (1976) reported that they fed
on squid and redfish, although no details were given concerning

hodal .

gy used for

ining this inf ion, the location of samples, or
the numbers of seals examined. Stomach contents of juvenile and adult
hooded seals collected from Greenland between 1970 - 1978 (Kapel, 1980)
indicated that the most frequently occurring prey species were unidentified
Gadoids, redfish, and Greenland halibut.

‘The first quantitative study on the diet of hooded seals examined
hs collected opp istically between 1982 - 1990 off the east coast of
Newfoundland and Labrador (Stenson et al., 1991). Prey types and numbers

of prey ingested were estimated by examination of hard parts. As with the

Greenland study (Kapel, 1980), relative importance of prey in the diet was

as of Results indicated that the most
v
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frequently occurring prey species, in order of prevalence, were Greenland
halibut, Arctic cod, capelin, squid spp., Atlantic herring, and redfish spp.

Percentage frequency of occurrence of a prey species, or the
proportion of stomachs which contain a particular species, is historically, the
most common method used in diet studies. This approach is quick and

simple, and requires a mini of Although the stage of

digestion has little effect on the resulting percentages, this method provides

which over - emphasize the i of small prey items

(Hyslop, 1980). Biases also exist in that individvals of a more rapidly
digested species will be under - represented, while those resisting digestion
will be over - estimated. For example, Bigg & Fawcett (1985) found that
squid beaks remain in the stomach longer than fish bones, resulting in
exaggeration of the importance of squid in the diet. Frequency of occurrence
data do not necessarily reflect the relative energetic importance of the prey.
Small, frequently occurring species appear to contribute more to the overali

diet than larger, less abundant prey (Stenson et al., 1991).

Although biases inherent in using this methodology cannot be
eliminated, reconstructing the actual volume and / or mass of each prey
species at time of ingestion will contribute to estimating energetic importance
of prey and will further improve interpretation of food consumed by seals.
Actual sizes of fish and invertebrates can be determined using regression
analysis. Fish size can be derived through back - calculation procedures

which are based on the proportionality between fish length and some measure



of otolith size. This procedure has been used io reconstruct lengths and / or
weights of the prey consumed in ribbon seals in the Bering Sea (Frost &
Lowry, 1980), harbour seals in the Pacific (Brown & Mate, 1983) and
southern New England (Selzer et al., 1986), California sea lions (Antonelis et
al., 1984), South American sea lions (George-Nascimento, Bustamente &
Oyarzun, 1985), and harp seals in coastal waters of west Greenland (Kapel &
Angantyr, 1989). However, no study exists which examines diet in this way
for hooded seals.

The primary objective of this study was to determine the diet of
hooded seals off the coast of Newfoundland and Labrador by the analysis of
stomach contents. Relative importance of food items in the diet of hooded
seals was expressed through reconstructing weights of prey species found in

the stomach contents. These weights were determined using the regression

blished for the most prey species in Chapter 2.

Relative importance of prey, through d weights, was

to the imp of prey estil d by relative y of occurrence.
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3.2, Materials and Methods

3.2.1. Collection of hooded seal stomach samples

Hooded seal hs (n = 67) were collected in waters
! dland in 1991 by the Dep of Fisheries and Oceans research

personnel, through a shore - based collector program involving sealers and

fishermen or from seals caught incidentally in offshore trawlers. Sampling
locations were grouped into four different regions; the nearshore waters
along the ceast of dland (3KL), the south coast of

N dland (Gulf, 3P), the whelping patch on the Front (2J3K), and
offshore waters (2J3KL), both from researck: vessels and trawlers (Fig.
1.2).

Stomachs were removed from seals in the field and immediately
frozen, or stored in 70% ethanol until ined in the lab y- S hy
jaws, and the sex of each animal were taken for all samples collected.
Morphometric data (body length and weight) were collected for the seals
whenever possible.

In the lat Ys hs were first weighed, then opened

Bt

longitudinally along the greater curvature, and contents emptied into a large

ghty.

tray and rinsed th

were then ighed to obtain an
estimate of wet weight of prey ingested.
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Intact specimens were sorted into major prey types using visual keys
(Harkonen, 1986) and reference collections at the Department of Fisheties
and Oceans, St. John’s, Newfoundland. Lengths and weights of fish and / or
lengths of were d when possible. Digested fish

prey items were identified by sagittal otoliths. Cephalopod remains were
identified to as low a taxon as possible by Dr. Malcolm Clarke, a cephalopod
specialist ( Ancarva, Southdown, Millbrook, Cornwall, UK).

Loose otoliths in the stomach were recovered using three sieves (500
pm, 2.00 mm, and 4.75 mm mesh diameter). Sieved contents were rinsed
into glass trays, then sorted manually into categories of prey species to the
lowest taxonomic level. Recovered skull cases were examined for the
presence or absence of sagittal otoliths. If otoliths were retained within the
skulls of fish they were removed and kept together as a ‘pair’, separate from

the rest of the loose otoliths. Numbers of invertebrates were estimated by

whole i and squid beaks. Otoliths were stored

dry. Other material retrieved, was stored in 70% alcohol.

‘The total number of each fish species was calculated by adding the
number of fresh fish, the number of intact skulls and the number of paired
otoliths found free in the stomach. If pairing was not possible, the highest
number of either left or right otoliths was reported. Squid numbers were
calculated as the highest number of either upper or lower beaks, plus any

fresh specimens which were present.
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The age of each seal was determined by counting annual growth layers
in the cementum and dentine of teeth from the jaws collected (Bowen,

Sergeant & @ritsland, 1983).

The frequency of occurrence (Hyslop, 1980) of each prey type and
estimated numbers of individuals were determined for each stomach

d. This i ion was compared to similar quantitative results

described in a previous study of the diet of hooded seals in Newfoundland
(Stenson et al., 1991).

3.2.2. Reconstruction of hooded seal stomach contents

A ding to the bined relative ies of occurrence of the
previous (Stenson et al., 1991) and present studies, six fish species and one
invertebrate species were used to reconstruct the diet of hooded seals.
Greenland halibut, redfish spp., Atlantic heiring, Arctic cod, Atlantic cod,
capelin, and squid each represented over 5%, and together accounted for
over 80% of the total diet according to relative frequency of occurrence.
Although not among the six fish species most frequently eaten prey, Atlantic

cod was also examined, due to its possible importance with the fishery.

To increase the sample size, otoliths and squid beaks from 65 hooded
seals collected and used for species identification in our previous study
(Stenson et al., 1991), and otoliths and beaks retrieved from the 67 seals from

the present study were ined and re - ined in order to




76

lengths and weights of fish and squid at ingestion for each of the species listed

above.

Each otolith retrieved from stomach contents was rated on a scale of 0
- 3, based on surface texture and shine, condition of edge lobulations, and
degree of opacity as described by (Gales, 1988) and (Recchia & Read, 1989).
A rating of 0 was given to completely undigested otoliths - those removed
from intact fish or fish skulls. A rating of 1 was given to those otoliths found
free in the stomach and judged to be undamaged or uneroded. If the margin
crenulations had disappeared and the rostrum and sulcus acusticus (Fig. 2.1.)
were less distinct, a rating of 2 was applied. A rating of 3 was given if the
otolith had lost all diagnostic features. To ensure that accurate estimates of
total fish length were obtained, only those otoliths which rated either 0 or |
where used in the regression analysis. Since squid beaks do not degenerate

when exposed to digestive juices, all beaks were measured.

Maximum length (anterior - posterior) and height (dorsal - ventral)
was recorded for each measurable otolith using an image analysis system.
Each otolith was placed under a dissecting scone, and the image projecied
onto a computer screen. Maximum length and height measurements were
recorded using a mouse to identify the appropriate dimensions. These data
were used to derive approximate lengths and weights of prey using otolith /
body size regression equations derived in Chapter 2. Wien undigested
otoliths were present, the maximum number of either left or right undige:’<i

otoliths for each species within a stomach were used to reconstruct lengths




and weights of individual prey. When ined both undi d
and digested otoliths of a particular species, the mean weight of the

reconstructed prey for each siomach were used to estimate the weight of the
digested prey in that stomach. Rostral length, the distance between the
rostral tip ¢xd the jaw angle, of the lower beaks of all cephalopods were
measured with vemier calipers (Fig 3.1.). Their wet weights were

d using published i ions (Clarke, 1986). From

this information, average lengths and weights of prey ingested were
estimated. For each stomach containing measurable otoliths, the total weight
of each prey species was estimated by applying the mean weight of that
species established from non - digested otoliths to all remaining otoliths of
that species.

The contribution of various prey species to the total hooded scal diet
based on freq of i d bers of prey ingested, and

i weight esti were d. Gender and seasonal

differences in the prey species identified in samples were compared, using
mixed two - factor analyses of variance and chi square analyses (Keppel,
1989).



Fig. 3.1.
Diagram of the lower beak of a cephalopod showing the principal terms and
used for (after M. Clarke, 1986).
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3.3. Results

3.3.1. Collection of hooded seal stomach saaples

Although an attempt was made to collect stomachs from each of the
four locations described earlier, the majority of stomachs (73.1%) came
from the nearshore region along the coast of I land. Of
the 49 h llected from the it coast, 36 of these (73.5%) were
taken in April (Table 3.1.).

A total of 64.2% of the stomachs collected came from females, and
35.8% camc from males (Table 3.2.). When the animals from the whelping
patch were removed, the percentage of females was reduced to 53.7 %.

The majority of seals taken {87.9% ) were 4 years of age and greater.
Eight stomachs (12%) came from juveniles (aged 1 - 3), whereas no samples
of pups were examined. Cf the 58 stomachs taken from 4+ animals, the

majority (n = 46) came from the hore waters off the nortt coast of

Newfoundland (Table 3.3.).

Food was found in 82% of the stomachs (n = 55). Most of the food -
containing stomachs were takeii from the nearshore area along the northeast
coast (n = 45). All of the samples collected from offshore trawlers (n = 9)

contained food, whereas all of the

d from the pi




Table 3.1. Hooded seal (Cystophora cristata ) stomach samples collected in

collection area.

Newfoundland waters in 1991, subdivided by month and

81

Month Northeast Offshore Offshore South Whelping
Coast 2J3KL Trawler Coast Patch
January 2 - 2
February 4 1 5 1
March 5 - 1 o
April 36 - 1 - 1
May 2 - M
Total 49 1 9 1 7
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Table 3.2. Sex of hooded seals (Cystophora cristata ) taken from

Newfoundland waters in 1991, subdivided by collection area.

Area Male Female Total
Northeast Coast 1 32 49
Offshore 2J3KL 0 1 1
(Research)

Offshore 2J3KL 6 3 9
(Trawler)
South Coast 1 0 1

(Gulf)

Whelping Patch 0 i 7

Total 22 43 67




Table 3.3. Age structure of hooded seals (Cystophora cristata ) taken from

Newfoundland waters in 1991, subdivided by collection arca.

Area Age 0 Age 1 -3 Age 4+ Total
Northeast Coast - 2 46 48
Offshore 2J3KL - - 1 |

(Research)
Offshore 2J3KL - 5 4 D)
(Trawler)

South Coast “ 1 - !

Whelping Patch - - 7 7

Total - 8 58 66*

* One stomach “ith vknown age
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patch were empty (n =7) (Table 3.4.). Food was found in seven out of eight
of the stomachs collect=d from seals aged 1 - 3, and in 47 of 58 stomachs

examined from adults (Table 3.5.).

Excluding animals taken from offshore trawlers, a total of 14 prey
groups were identified. 10 of which were fish and 4 invertebrates (Table
3.6.). Whien the relative contribution of prey to the diet was expressed as
percent frequency of occurrence, Greenland halibut represented the most
abundant fish prey species, occurring in 69.6% of the stomachs examined.
Redlfish, Atlantic herring, Arctic cod, and eelpout were also common prey
items, contained in 52.2%, 39.1%, 17.4%, and 10.9% of the stomachs
examined, respectively. Unidentified fish species were found in 6.5% of the

achs i ing a total of 8 fish.

Squid (Gonatus spp.) was present in 69.6% of the stomachs collected,

ranking highest in frequency of ¢ along with Greenland halibut.

Most beaks were likely to be Gonatus fabricii , although certain physical
characteristics did not exclude G. steenstrupii . One stomach contained beaks
of a smaller Gonatus species probably not yet described from the north
Atlantic (M. Clarke, Ancarva, Southdown, Millbrook, Cornwall, UK, pers.

comm.).

The relative contribution of specific prey in the diet changed when

expressed as a function of the total number of prey eaten. Squid eaten (n =
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Table 3.4. Presence of faed in hooded seal (Cystophora cristata))
stomachs taken in Newfoundland waters in 1991, subdivided by

collection area.

Area Empty Food Total
Northeast Coast 4 45 49
Offshore 2J3KL 0 1 1

(Research)
Offshore 2J3KL 0 9 9

rawler)
South Coast 1 0 1
Whelping Patch 7 0 7

Total 12 55 67
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Table 3.5. Presence of food in stomachs of hooded seals (Cystophora
cristata ) taken from waters surrounding Newfoundland in

1991, subdivided into differeat age groups.

Age Class Empty With Food Total
Age0) 0 0 0
Age 1-3 1 7 8
Aged+ 1 a7 58

Unknown 0 1 1

Total 12 55 67




Table 3.6. Contents of hooaed seal (Cystophora cristata ) stomachs (n =

46) collected in Newfoundland waters in 1991, excluding

samples obtained from offshore trawlers.

R7

Prey Species Stuvn‘:llchs Total No.
containing % ire; L)
prey Present

Fish

Greenland halibut 32 69.6 125 15.7
Redfish 24 52.2 7 9.0
Atlantic herring 18 B9k 57 A
Arctic cod 8 17.4 64 8.0
Eelpout 5 10,9 22 2.8
Witch Flounder 4 8.7 7 0.9
Righteye flounder 4 8.7 14 1.8
Capelin 2 4.3 2 0.2
Atlantic cod 2 4.3 2 {1
Skate eggs 1 22 4 0.5
Unidentified 3 6.5 8 1.0
Invertebrates

Squid spp. 32 69.6 412 5.6
Shrimp 4 8.7 6 0.8
Hyperiid 2% 4.3 2 0.2
Snow crab 1 2.2 i 0.1
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412) greatly outnurrbered all fish species. Greenland halibut remained the
most frequently eaten fish (n = 125), however, the contribution of Arctic cod
(n = 64) to the diet increased over Atlantic herring (n = 57), whereas the
occurrence of eelpout (n = 22) decreascd relative to the other four important
species. The five most common species expressed as percent frequency of
occurrence remained the most commonly eaten fish when diet was expressed

as total number of prey eaten (Table 3.6.).

From scals taken incidentally by offshore trawlers, a total of four prey
species, three fish and one invertebrate, were identified (Table 3.7.).
Atlantic cod represented the most common prey species found in these
stomachs (66.7%), followed by redfish and righteye flounder
(Pleuronectidae) (22.2%, and 11.1%, respectively). One stomach contained
squid remains. Redfish and Atlantic cod represented the highest total number
of prey eaten (n = 13, n = 10, respectively). When the prey type found in the
stomach of the seal taken by a particular trawler was compared to the fish
species the trawler targeted, there was disagreement in 3” 3% (n = 3) of the
cases (Table 3.7). The three stomachs containing no Atlantic cod contained

cither redfish, righteye flounder, or squid.

3.3.2. Reconstruction of hooded seal stomach contents

Of the 132 hs which ined food, 72 ined bl

prey (Table 3.8.). Seventeen of these stomachs came from onr previous

study (Stenson et. al., 1991), while 55 came from the present study. Fish



Table 3.7. Contents of hooded seal (Cystophora cristata ) stomachs
incidentally caught in offshore trawlers in Newfoundland in

1991, showing directed species of trawl for cach seal caught.

No.
Prey Species Stomachs Total No. Directed
Containing % Prey % Species
Prey Present of Trawl
Fish
Atlantic cod 6 66.7 10 417 Adlantic cod
Redfish 2 22.2 13 54.2 Atlantic cod
Righteye flounder 1 11 1 42 Atlanticced
Invertebraies

Gonatus sp. 1 11.1 1 100 Atlantic cod
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Table 3.8. Hooded seal (Cystophora cristata ) stomach samples containing
measurable otoliths and squid beaks, collected from: 1987-1991,

subdivided by month and collection area.

Month Northeast  Offshore  Offshore South Whelping
Coast (Research) (Trawler) Coast Patch

January 2 - 3 ~ -
February 9 - 3 1 -
March 12 - - -
April 38 4 g 5 3
May 4 - - - .
Total 65! 0 6 1 0

1 14 of these stomachs contained only squid beaks
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length was estimated frem a sample of 5 capelin, 10 Atlantic cod, 22 Atlantic
herring, 23 Arctic cod, 31 redfish, and 58 Greenland halibut, whose otoliths
fell under the O or 1 classification stage of digestion described earlier. Of
these, 2 redfish, 8 Atlantic cod, and 1 Greenland halibut came from offshore
trawl samples. Wet weight estimates were obtained for a total of 9 capelin,
10 Atlantic cod, 42 Atlantic herring, 190 Arctic cod, 55 redfish, 146
Greenland halibut, and 452 squid.

£ ough there was a wide range of prey sizes taken by the scals, the
mean lengths for Atlantic herring, redfish spp., Greenland halibut, and
Atlantic cod (excluding samples taken incidentally by offshore trawlers) fell
between 25 - 35 cm (Fig. 3.2.). Average lenguhs of Arctic cod and capelin
were smaller, ranging between 13 - 25 cm (Fig. 3.3.). The average lengths
of Atlantic herring, redfish spp., Greenland halibut, Atlantic cod and capelin
taken by the seals fall within the sizes of fish taken by the commercial fishery.

Arctic cod are not commercially fished.

Estimated mean lengths of fish from animals caught incidentally in
offshore trawlers were larger than all other samples (Fig. 3.2.). Atlantic cod
samples were significantly larger than the rest with an estimated mean length
of 49.5 cm (t = -13.58, p = .0468). Both redfish (n = 2) and Greenland
halibut (n = 1) had mean lengths of 37.6 and 36.5 cm, respectively (Table
3.9



Eig 3.2,
Estimated prey lengths of a) redfish spp. (Sebastes spp.), b) Greenland
halibut (Reinhardtius hippoglossoides), c) Atlantic herring (Clupea
harengus), and d) Atlantic cod (Gadus morhua) taken from hooded seal

(Cystophora cristata) stomachs collected from 1982 - 1991 in waters

those taken incidentally.

g New
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Fig. 3.3.
Graph showing the distribution of estimated prey lenghts of a) Arctic cod
(Boreogadus saida ), and b) capelin ( Mallotus villosus ) taken from hooded

seal (Cystophora cristata ) stomachs collected from 1982 - 1991 in

N, dl

d waters, excluding those taken incidentally.



95

a) Arctic cod

HLMMIMIMDMBINMY
AMIMIY

Aduanbaay

0 5 10 15 20 25 30 35 40 45 50 55 60

b) Capelin

A\

Ty

Rk e S ey e
0 5 10 15 20 25 30 35 40 45 50 55

Aduanbaay

Estimated Prey Length (cm)



96

Table 3.9. Prey lengths of common fish prey species of hooded seals
(Cystophora cristata ) taken between 1982-1991 by collectors in
inshore and offshore waters of N dland (A), and taken

incidentally from offshore trawlers (B), showing mean length
(cm), range and standard deviation.

Prey type Method N Mean Range Std.
of catch (em) (cm) Dev.
Atlantic herring A 22 28.92 21.80 — 35.62 344
(C. harengus )
B 0 — = =
Redfish sp A 29 34.16 2400 —48.13 6.25
(Sebastes. spp.)
B 2 37.58 3405 — 4111 499
Arctic cod A 23 18.66 1342 — 2486 3.64
(B. saida)
B 0 — — =
Allantic cod A 2 35.79 3478 — 36.80 1.43
(G. morhua)
B 8 49.51 3755 — 17278 1139
Capelin A 5 16.18 1483 — 16.86 0.78
(M. villosus )
B 0 — - —
Greenland halibut A 57 30.21 18.61 — 45.05 6.76

R.hippoglossoides
B 1 36.51 36.51 =




Prey weights for most species were widely distributed (Fig. 3.4. and
Fig. 3.5.). Mean weights for Atlantic herring, redfish spp. and Greenland
halibut fell between 235 - 250 g, while those for Arctic cod and capelin were
smaller, averaging 59.4 g and 25.5 g, respectively. Again, all fish from the
offshore trawlers had higher mean weights than the average inshore fish
weight. Weight of Atlantic cod was significantly greater for seals caught in
trawls (t = -21.73, p =.0293) ranging from 465.9 g - 3031.4 g (Table 3.10.).
The average weight of squid ingested was 11.03 g (range =0.6 g - 194.9 p).

Relative contribution of prey to the diet, expressed as the percent total
wet weight of prey examined, was determined for all stomachs collected
between 1982 - 1991, excluding those caught incidentally from offshore
trawlers. Total wet weight was calculated using only the major prey items
found. These prey accounted for > 80% of the total diet (Table 3.12.). The
remaining percentage came from unknown flatfish, unidentified fish, or the
odd fish or invertebrate, thus, it was not possible to get a complete lotal
weight. Greenland halibut was by far the largest contributor, by weight, to
the overall diet of hooded seals (42.2%), followed by redfish sp., Arctic cod,
Atlantic herring, squid, Atlantic cod and capelin, in decreasing order of

percent total weight (Table 3.11.; Fig. 3.6.).

The relative frequency of occurrence of prey of hooded scals taken
between 1982 - 1990 (Stenson et al., 1991) along with the results obtained

from this study is presented in Table 3.12. Five out of the six most common
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Fig. 3.4,
Estimated prey weights of a) redfish sp., b) Greenland halibut, ¢) Atlantic
herring, and d) Atlantic cod taken from hooded seal (Cystophora cristata )
stomachs collected from 1982 - 1991 in Newfoundland waters, excluding

those taken incidentally.



(3) uB1PM 19M pajRWINST

(3) W3PM P pajewnsy

= Freqnencé

Log

AT

Supasay opuepy (@

o3 opuEpy  (p

= Frequencyd

dds uysypay (e

naiey pueasis) (q

66



100

Fig. 3.5
Estimated prey weights of a) Arctic cod, andb) capelin taken from hooded
seal (Cystophora cristata ) hs collected from 1982 - 1991 in

Newfoundl

d waters, excluding those taken incidentally.
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Fig. 3.6.
Relative importance of six common prey species in the diet of hooded seals
caught inthe waters of Newfoundland between 1982 - 1991 by (a) relative
frequency of ocurrence of prey, (b) percent total number of prey recovered,

and (c) percent total weight of prey recovered.
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“Table 3.10. Prey weights of common fish and invertebrate prey species of
hooded seals (Cystophora cristata ) taken by collectors from
inshore and offshore waters of Newfoundland (A), and taken
incidentally from offshore trawlers (B), showing mean weight
(g), range and standard deviation.

Prey type Method N Mean Range Std.
of catch (g) (g) Dev.
Atlantic herring A 22 24823 99.44 — 452,26 87.00
(C. harengus )
B 0 — — _
Redfish A 29 24421 33.04 — 653.86 163.01
(Sebastes. spp.)
B 2 32139 223.60 —419.18  138.30
Arctic cod A 23 59.39 20.72 — 122.81 31.23
(B. saida )
B 0 == = =
Atlantic cod A 2 402.87  367.70 —438.04  49.74
(G. morhua )
B 8 1167.04 46594 —3031.38  835.51
Capelin A 5 25.51 19.46 — 28.75 3.53
(M. villosus )
B 0 — —_ —
Greenland halibut A 57 236.45 46.80— 730.50 165.61
R.hippoglossoides
B 1 364.76 364.76 —
Squid A 452 11.03 0.61 — 194.90 12.05

(Gonatus spp.)




Table 3.11.
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Relative contributions by wet weight of common prey species
of hooded seals (Cystophora cristata ) collected from inshore

and offshore waters sur ding I Hanid. exclidine

those samples taken incidentally from offshore trawlers. Total

weight accounts for major prey items only.

Fish Species N Weight % of
of Prey (g) Total Weight
Greenland halibut 146 29024.10 42.2
(R.hippoglossoides )
Redfish sp. 55 14178.46 20.6
(Sebastes. spp.)
Arctic cod 190 9981.43 14.5
(B. saida )
Atlantic herring 42 9617.40 14.0
(C. harengus)
Atlantic cod 2 805.74 1.2
(G. morhua )
Capelin 9 234.23 0.3
(M. villosus )
452 4987.76 T2

Squid
(Gonatus spp. )
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Table 3.12. Comparison of the relative frequency of occurrence of prey of
hooded seals (Cystophora cristata ) taken between 1982 - 1990
(Stenson et.al., 1991) and taken in 1991, from Newfoundland

(n=132).

Prey Species

Freq. of
Occurrence

N

q
1982-1990 Occurrence

%

Freq.

N

of

1991

Fish

Greenland halibut
Redfish
Aantic herring
Arctic cod
Eelpout
Witch Flounder
Righteye flounder
Capelin
Atlantic cod
Skate eggs
American plaice
Gadoid
Sculpins

‘olffish
Unidentified
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fish and invertebrate prey species found in the former study retained their
significance in the present study. Greenland halibut remained the most
frequently occurring species from both studies. Redfish, Atlantic herring,
Arctic cod and squid were also most frequently found in both studies.
However, the relative contribution of capelin to the overall diet dropped

considerably in this study; eelpout were found more frequently.

3.3.3. Differences in dietary preferences of hooded seals by sex and scason

The relative contribution of common fish prey species to the overall
diet of hooded seals was examined for gender and seasonal differences.
Seasons were defined as winter (October - March) and summer (April -
September). In order to control for variance due to geographical area, and
since most measurable contents came from stomachs from the northeast coast
of Newfoundland (Table 3.8.), these were the only stomachs used in all
comparisons. Stomach contents from seals caught incidentally were not
included in the analysis.

A chi square contingency table showed no overall significant
differences between sexes in percent total weight of each prey species (X2 =
4.80, df = 5, p > .05) (Fig 3.7.).



108

Fig. 3.7.
Proportions (% weight) of major fish prey ingested by male and female
hooded seals (Cystophora cristata ) taken from stomachs collected from 1982

- 1991 in waters surrounding Newfoundland.
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For the seasonal comparison, chi square analysis showed an overall
significant difference in percent weight of prey on season that the stomach
was taken (X2 = 68.94, df = 5, p < .0001) (Fig. 3.8.). Component
contingency tables were created to look for individua! differences.
Differences in the proportion of fish consumed per species per season by the
seals were statistically significant for redfish (X2= 12.18,df = 1, p <.001),
Atlantic herring (X2= 13.66, df = 1, p < .001), and Arctic cod (X2= 59.36, df
=1,p<.001). No significant differences were found for Greenland halibut,

capelin or Atlantic cod.

Sizes of each of the six common fish prey consumed were also
examined for sex and seasonal differences usign a two - way mixed factorial
design. No significant differences between sexes were found for either
length of prey (F(; 36) = 0.021), or for the interaction effect between sex and
prey species (F 35 = 0.581), at the .05 level. Prey lengths eaten by both

male and female hooded seals were very similar (Fig. 3.9.).

Lengths of the various fish prey consumed were compared for overall
seasonal size differences (winter and summer) (Fig. 3.10.). The mixed two -
way analysis of variance showed no overall significant differences in length
of prey on season (F(1,19) = 0.124), and no significant interaction effect

between season and prey species (Fg,19) = 0.310).
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Fig. 3.8
Proportions (% weight) of major fish prey ingested by hooded scals
(Cystophora cristata ) taken from stomachs collected from winter (October
to March) and summer (April to September) between 1982 - 1991 in

Newfoundland waters.
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Fig. 3.9.
Mean lengths and standard deviations of major fish prey ingested by male and
female hooded seals (Cystophora cristata ) taken from stomachs collected
from 1982 - 1991 in waters surrounding Newfoundland.



114

_vuoa nuepy
7-=__2_n0
| po> anaay
| Suriiay anuepy
|-ds ysupay

Lingiey puejuadin

T T
=) =
& &

4017

(wd) yduay ueapy

101



115

ig. 3.10
Mean lengths and standard deviations of major fish prey ingested by hooded
seals (Cystophora cristata ) taken from stomachs collected from winter and

summer between 1982 - 1991 in waters surrounding Newfoundland.
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3.4. Discussion

3.4.1. Seals samples

As in other studies, it was difficult to obtain a large sample size of
stomachs from all areas surrounding Newfoundland. Due to the distribution
of hunting effort and the temporal distribution of hooded seals in the region,

most stomach samples were collected from the nearshore waters along the

coast of New

d during March and April. Seals arc most
abundant in the area during this time as a large number of hooded scals
congregate to breed in mid March in the area off the northern coast of
Newfoundland, and/or southern Labrador (Fig. 2.1.).

Not only are hooded seals difficult to access, but stomachs obtained
from the breeding grounds are typically empty. Our results agree with the
behavioural observations of hooded seals at the whelping patch which suggest
that females do not leave their pups during the nursing period and that
hooded seal mothers do not appear to feed during lactation (Shepeleva, 1973;
Bowen et al., 1987).

Although seal samples often become available when caught
incidentally in fishing nets from commercial trawlers, these samples may be
unrepresentative of the feeding of the population at large. Stomach contents
often reflect the content of the trawl (Table 3.7.), suggesting the possibility

that seals may be attracted to the trawl, and thus feed on the directed specics
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targeted by the trawler. Although only a small sample size was available in
this study, the Atlantic cod retrieved from seal stomachs taken incidentally
were significantly larger, than the cod measured from seals taken elsewhere,
and were roughly the same size as those taken in the nets. However, because
other fish species were also found in stomachs, and as some stomachs
contained no Atlantic cod, it is possible that the incidentally caught seals were
not feeding directly from the fishing nets, or on Atlantic cod when they were

caught.

3.4.2. Stomach contents

A large number of prey items were found in the hooded seal stomachs
indicating that hooded seals feed on a wide variety of fish and invertebrate
prey. However, a high percentage of the wet weight ingested was accounted
for by relatively few species. The prey species which contributed most to the
ding to d weights, included Greenland halibut,

overall diet 2

redfish sp., Arctic cod, Atlantic herring and capelin, in decreasing order.
Squid (Gonatus spp.) were also a widespread food source, although they ¢id
not contribute much to the total ingested wet weight. The presence of
demersal fishes such as redfish spp., eelpout, Atlantic cod, Greenland halibut,
and other righteye flounders in the seal stomachs, suggests that hooded seals

feed in deep water areas (Sergeant, 1976; Reeves & Ling, 1981).

The large difference in relative contributions of capelin between the

two studies may have been due to the variation of time and distribution of
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seals and prey when collections were made. Most of the capelin in the
previous study came from stomachs collected in 1989 and 1990, whereas
capelin from the present study all came from 1991. It is also possible that the
drop in capelin found in stomachs from the present study (1991) may have
been a reflection of the availability of capelin during the period of time that
seals were sampled. Water temperatures in 1991 were colder than any
recorded for the last 45 years, resulting in a delay of capelin migration to
inshore waters for spawning by an average of four weeks (Carscadden ct al.,
1992). This delay in timing may also have affected the availability of capelin
as prey to hooded seals. As well, 1991 showed a drastic drop of the biomass
of capelin in NAFO areas 2J3KL which was thought to be influenced by the
f: ble hydrologi ditions during that year (Bakenev, 1992).

Information on the foods of hooded seals is sparse but published
literature generally reports similar prey types. Kapel (1982) reported that
various demersal fish species constituted the major food items, listing
Greenland halibut, redfish, capelin, and gadoids as important prey items. In
Canadian waters, Sergeant (1976) also reported that redfish and Greenland

halibut were important prey species of hooded seals.

Food studies of harp seals collected from the same regions as the
sample of hooded seals taken in this study placed Arctic cod (43.7%) and
capelin (37.7%) as the most abundant prey species found (I. Ni, Department

of Fisheries and Oceans, St. John's, unpublished data). P ge i y

of occurrence of Arctic cod and capelin in this study showed presence of
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Arctic cod in 17.4% of the stomachs examined, and capelin in 4.3%. Other
studies have also shown that harp seals feed mainly on pelagic fishes,
dominated by capelin and Arctic cod, and on a variety of inve *ebrates,
particularly euphausids and shrimps (Finley et al., 1990; Lydersen et al.,
1991). This information suggests that although harp seals and hooded seals
do share a common geographical range, and some prey type preferences

overlap, the prey species consumed differ in relative importance, according

to frequency of ¢ Thus, for food is unlikely.

3.4.3. Reconstructions of hooded seal prey

Sizes of prey estimated from stomach content remains, suggests that
hooded seals eat fish within a particular size range. Mean lengths of Atlantic
herring, redfish, Atlantic cod, and Greenland halibut all fell between 25 - 35
cm, and weights averaged between 235 - 250 g. As expected, Arctic cod and
capelin showed smaller mean lengths and weights. No previous studies have
cstimated the size of prey consumed by hooded seals. However, grey seals
off eastern Canada, which are of comparable size, appear to consume a
similar size range of prey (Benoit & Bowen, 1990). Harp seals, which are
smaller phocids, don't appear to consume the larger fish prey, however,
Arctic cod and capelin are common food items. Studies have shown that harp
seals consume smaller - sized Arctic cod (Finley et. al., 1990), and similar -

sized capelin (Murie & Lavigne, 1991).



‘When mean prey lengths of fish ingested by male and female hooded

seals were pared, no sex diff were found, implying that males and
females eat the same sized fish. Comparisons of this sort have not been done
previously on hooded seals, but studies on harp seals in the Gulf of St.
Lawrence (Murie & Lavigne, 1991), and in the Barents Sea (Lydersen et al.,
1991) also found no sex related differences in fish prey size. Although data
indicate that hooded seals consume similar sized prey in both winter and
sumizer, a larger sample size of seals from different months is needed to
substantiate this.

As well as providing estimates of size of prey consumed,
reconstructing actual weights of prey were used to describe the relative
importance of prey items in the diet of hooded seals. Using reconstructed
weight proportions, many of the critical problems which exist when dict is
described by either the relative frequency of occurrence or the numerical

method is eliminated. Figure 3.6. d how i i ies in the

relative importance of prey to the diet can be achieved depending on which
method of expression is used to present results. For example, the commonly

hod

used frequency of and numerical

placed squid at the top
in prey value, whereas squid are much Less valuable when viewed as percent

contribution by weight.

Comparisons of the proportions of fish consumed, by weight, for
males and females suggests that hooded seals eat the same proportions of

important fish prey. However, their diet may be dependent on seasonal
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variablilty in prey species as differences were found between the proportion
of fish represented in the diet, and the season in which the stomach was taken.
The proportion of redfish spp. and Atlantic herring consumed by hooded
seals was significantly larger in the summer months, whereas the relative
proportion of Arctic cod consumed in the winter was significantly larger.
Seasonal differences in prey eaten has also been observed in both harbour
(Hirkonen, 1987) and harp seals (Kapel & Angantyr, 1989) in coastal waters

of Greenland.

Little i ion is avai in the Lif on 1 changes in
population sizes and migratory patterns of common hooded seal fish prey.
However, times and locations of spawning are available for most species.
Hooded seals may feed more actively on species in the pre - spawning phase,
at which time fish are more energetically rich, than in the post - spawning
time when females are spent, and are of poor quality, energetically -
speaking. Both redfish and Atlantic herring inhabit the waters of
Newfoundland and Labrador year round (Ni & McKone, 1981; Winters,
1976; respectively). Spawning occurs primarily between April and June for
redfish, and between May and June for Atlantic herring (Scott & Scott,
1988). Although there are two spawning periods for herring, those
inhabiting Newfoundland's east coast are predominantly spring spawners
(Winters, 1976). Arctic cod spawn primarily in the winter between
December and March (Scott & Scott, 1988). A pre - spawning migration
northward occurs in the eaily fall where Arctic cod concentrate in dense

schools in nearshore waters (Bradstreet et. al., 1986).



Greenland halibnt are distributed throughout the northwest Atlantic.
The main spawning component occurs in the deep waters of Davis Strait. As
fish approach maturity (between 6 - 9 years), they migrate northward into
Davis Strait for spawning in the late winter or early spring, then move back
down to the deep - water bays surrounding Newfoundland (Bowering &
Brodie, 1991). Greenland halibut are slow growing animals that live in
excess of 20 years and grow up to 100 cm in length (Scott & Scott, 1988). In
waters surrounding Newfoundland and Labrador, most commercial and
research catches have shown a scarcity of mature fish (Bowering, 1983).
Since these fish are of a comparable size range to those eaten by hooded scals,
it is likely that many of the fish eaten by the hooded seals are alse immature,

thus exhibiting no pre- or post- spawning energetic fluctuations.

The relative abundance of the fish species may also have a strong
influence on the composition of the food in the diet of seals. It is possible that
the difference in proportions of prey eaten in winter and summer months is
simply due to the availability of certain prey in the area during those scasons.
They may also be selectively choosing different prey in order to fill their

energetic needs.
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CHAPTER 4:
E . Lysis of diiet of hooded seal

4.1. Introduction

Information on the types of prey consumed by hooded seals and

cor di of size and

P ] prop

critical to understanding food habits of hooded seals in the northwest

of food ingested per meal is

Atlantic. However, to more fully understand the role hooded seals play in the
ecosystem, and its possible interaction with other marine resources such as
commercial fish, information on the relative energetic contribution of each
food item to the diet must be included. The relative contribution of prey by
weight (calculated in Chapter 3) provides useful i ion on their diet,

however, a bioenergetic approach, in which the caloric content of the fish
consumed is used in conjunction with the weight of the fish, presents a more
reliable measure of diet (Lavigne, Barchard, Innes & Dritsland, 1982).

By combining estimates of the daily energy requirements of hooded
seals in the wild, and the proximate composition of each prey item consumed
by the seals, a better idea of the biological importance of prey to the diet can
be uchieved. By integrating information gained through stomach content
analysis (such as types and weights of the prey items ingested; with energy
contents of each prey item, and energy requirements of hooded seals, the

number of prey that hooded seals need to consume in Gzder to stisfy their

daily energy i can be lly, these esti can




be projected to various seal population sizes to predict annual food
consumption by an entire population (Lavigne et al., 1982; Lavigne, Innes,
Stewart & Worthy, 1985).

Two imp ions must be idered when making such
predictions based on stomach contents. The assumption that hooded seals
consume all parts of their prey is implicit in the use of otolith analysis to
assess stomach contents, and relative importance of prey to the overall dict
(Murie, 1987). As well, it is assumed that contents from the stomach, with
the exception of squid, are probably a product of one recent meal. A high
metabolic rate, and the high water content of the digesta, allows seals to
digest their food quickly (Helm, 1984; Murie & Lavigne, 1985), and many
studies have consistently shown that otoliths represent recent ingestion of fish
(with 24 h) (Frost & Lowry, 1980; Finley & Gibb, 1982; Murie & Lavigne,
1986; 1991). Although squid beaks may remain in stomachs indefinitely,
they contribute very little by weight in the relative contribution to the overall
diet.

Few studies exist which have incorporated measurement of weight of
the various prey items consumed, the proximate composition of those prey
items, and the estimated caloric intake of the seal. Using data on captive
animals, some estimates of these factors have been made for both harp scals
(Sergeant, 1973) and harbour seals (Boulva, 1973). Weight, number, and
caloric content of prey species have been used to reconstruct the dict of 1

number of species, for example, the summer diet of harp seals in the
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Canadian high Arctic (Finley & Gibb, 1984). Caloric contents of prey

species have also been used to ine the relative imp of fish to the
diet of wild harp seals feeding in the St. Lawrence estuary during January
and February (Murie et al., 1991), and grey seals (Halichoerus grypus ) in
the northwestern Gulf of St. Lawrence (Murie & Lavigne, 1992). However,

little has been documented on the caloric content of the diet of hooded seals.

The main objective of this chapter was to determine the relative
importance of each of the most common prey species > the total diet of
hooded seals in Newfoundland by using energetic content information of the
prey species most commonly taken. Relative importance of each prey item to

the total diet of the seal was defined as the percent total gross energy of prey.

4.2, Materials and Methods

4.2.1. Energetic Values of Prey and Stomach Contents

Energy densities (kJ/g) of each of the most common prey species of
hooded seals, determined in Chapter 3, were obtained from the published
literature, or derived from analyses done by Department of Fisheries and
Oceans personnel when appropriate values were not otherwise available
(Table 4.1). Seasonal or monthly values are given for each fish species

whenever possible.
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Table 4.1. Energy values of important prey species of hooded seals
(Cystophora cristata ) showing spatial and temporal differences

whenever possible.
Energy
Fish Species Density N Location Season  Source
(kJ/g) or Month
Greenland halibut 4.4 2 Newfoundland Winter 1
R. hippoglossoides

5.72 2 Newfoundland Winter 1

6.63 3 Newfoundland Winter |

8.04 4 Newfoundland Winter |
Redfish spp. 4.4 25 Gulf of Maine Winter 2
(Sebastes spp.)

4.5 5 Newfoundland Summer 1
Atlantic herring 8.6 13 Newfoundland January 3
(C. harengus)

8.4 100 Newfoundland February 3

79 2 Newfoundland March 3

6.2 36  Newfoundland April 3
Arctic cod 4.1 3 Newfoundland Winter I
(B. saida )

5.4 10 High Arctic Summer 4
Capelin 7.5 ? Newfoundland March 5
(M. villosus )

6.2 2 Newfoundland April 5
Atlantic cod 4.2 25 Newfoundland All year 2
(G. morhua )

3.8 4 NE Atlantic 3 6

Squid
(Gonatus  spp.)

1 Calculated for fish 15-20 cm 3 Calculated for fish 30-35 cm
2 Calculated for fish 25-30 cm 4 Calculated for fish 35 + cm
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N. Cheeseman, DFO, St. John's, pers. comm.
Steimie Jr. & Terranova (1985)

Hodder, Parsons, Winters & Spencer (1973)
Finley & Gibb (1984}

Montevecchi & Piatt (1984)

Clarke, Clarke, Holmes & Waters (1985)




Fish speci ined at the Dep of Fisheries and Oceans
were collected off the east coast of dby DFOp on

research vessels. An attempt was made to collect fish which were directly

ically, temporally and spatially, to prey eaten by
the hooded seals. Specimens were frozen upon capture and stored at - 20° C.

Samples were thawed prior to proximal content analyses. Fish were analyzed
for moisture (fresh — dried weight), protein (Kjeldahl method), lipid
(diethyl ether ion), and ash content: bustion in muffle furnace)
(see Montevecchi and Piatt, 1984).

Energetic values of each fish examined from stomach content analysis

was ined by multiplying the estil d wet weight of each fish by the
caloric density, according to the date of capture.

The relative importance of prey to the diet was expressed as the
percent contribution to gross energy intake. These values were compared
with the percent wet weight estil btained in the previous chapter.
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43. Results

The mean energetic values for Atlantic herring, Atlantic cod and
Greenland halibut were very similar, averaging between 1600 and 1700 kJ
(Table 4.2.). Average redfish energy values were around 1100 kJ. Arctic
cod, capelin and squid were considerably lower, ranging from
approximately 40 - 250kJ. Ranges in energetic values probably reflect the

large range in weights of fish examined.

Relative contributions of prey, expressed as the percent total energy of

prey d, was d ined for all hs collected between 1982 -

1991, excluding those caught incidentally from offshore trawlers (Table
4.3.). Since it was not possible to estimate weights forall stomach contents,
total gross energy throughout this study represents only the major prey
items, which account for over 80% or the diet by relative frequency of
occurrence determined in Chapter 3. Greenland halibut was the greatest
contributor, by energy, comprising appro: umately 53% of the total gross
energy of prey recovered. Both redfish spp. and Atlantic herring
contributed between 16 - 17%, while Arctic cod accounted for
approximately 11% or the total energy consumed. Atlantic cod, capelin, and

squid each contributed less than 1% of the total energy to the diet.



Table 4.2. Energy values (E = kJ/animal) of common prey species of
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hooded seals (Cystophora cristata ) taken between 1982 - 1951

by collectors in inshore and offshore waters of Newfoundiand

luding those caught incidentally by offshore trawlers.
No. MeanE per Rangein E value Std.

Prey Species Prey Indivi per lnﬂivi}ual Prey Dev.
Atlantic herring 22 1604.48 616.53 — 2836.60 579.60
(C. harengus)
Redfish spp. 29 1094.20 148.68 — 2942.37 728.48
(Sebastes spp.)
Arctic cod 23 256.81 84.95 — 503.52 138.61
(B. saida )
Atlantic cod 2 169205 1544.34 — 1839.77 208.90
(G. morhua)
Capelin 5 171.93 120.65 — 201.00 32.49
(M. villosus)
Greenland halibut 57 1642.63 205.92 — 5844.00 1422.49

(R. hippoglossoides )
uid 452 41.93 2.32 —740.62 45.79

Sq
(Gonatus spp.)




132

Table 4.3. Relative contributions of common prey species of hooded
seals (Cystophora cristata ) collected from inshore and
offshore waters surrounding Newfoundland. Samples taken
incidentally from offshore trawlers are excluded. Percent total
energy refers only to the major prey items examined, which

accounts for over 80% of the total diet.

Prey Species Number Total Energy % of
of Stomachs (kJ) Total Energy

Greenland halibut 30 196149.74 53.0
R. hippoglossoides
Redfish spp. 20 63617.50 17.2
(Sebastes spp.)
Arctic cod 8 41478.05 11.2
(B. saida)
Allantic herring 10 61068.37 16.5
(C. harengus )
Aflantic cod 2 3384.11 0.9
(G. morhua )
Capelin 4 1625.78 0.4
(M. villosus )
Squid 39 2694.81 0.8

(Gonatus spp.)
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4.4. Discussion
4.4.1. Energetic contribution of prey to the diet

The majority of energy consumed by hooded seals in Newfoundland
throughout the year came from Greenland halibut, redfish spp., Atlantic
herring, and Arctic cod, contributing a total of approximately 98% of cnergy
estimated. Just over half was provided by Greenland halibut (53%). Little
difference was observed in the relative importance of prey items in the diet
when expressed both cnergetically and by weconstructed weights (Fig. 4.1.).
The mass of fish consumed by an individual seal was, in general,
proportional to its gross energy intake. Small differences were found for
Atlantic herring and Arctic cod due to the fact that Atlantic herring were
considerably energetically richer than Arctic cod. The importance of squid
was further reduced when expressed energetically, especially compared to

frequency of occurrence.

Of the seven most common prey species found in hooded seal
stomachs, Atlantic herring, Greenland halibut and Atlantic cod shared
equally high, and similar mean energetic values (Table 4.2.). However, in
this study, approximately 53% of the energy obtained from prey came from
Greenland halibut, 16.5% from Atlantic herring, and only 0.9% from

Atlantic cod. Mean energy per individual may be misleading as there was a
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Eig. 4.1,
Relative importance of six common prey species in the diet of hooded seals
caught in the waters of Newfoundland b¢iween 1982 - 1991 by (a) relative
fr y of of prey d, (b) percent wet weight of prey,

and (c) percent gross energy of prey recovered.
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large difference between Atlantic cod and Greenland halibut and Atlantic

herring in the number of fish eaten, and range of energy values.

Seasonal comparisons of prey consumed (determined in Chapter 3) are
contradictory to what would be expected, energetically. Although the
contribution of Atlantic herring (by % weight) was significantly larger in the
summer months, and the proportion of Arctic cod consumed in the winter
was significantly larger, the seasonal variations in energetic densities of these
two species are reversed (Table 4.1.). Change in food preference between
winter and summer is, therefore, probably not due only to the energetic
value of the prey, but is more likely due to the availability of these fish in the
area during the time that the seals are feeding. Abundance estimates of fish
occupying the same area as hooded seals, during the same time period are

needed.

Obtaining appropriate energy densities of fish is critical to the analysis
of the relative contribution of prey to the diet as differences in energy density
of prey alone may affect the estimated biomass of food consumed by a factor
of three or more (Lavigne et al., 1982; Murie et al., 1991). Although for
most cases winter and summer caloric values were available for fish species,
results obtained from analysis done for this study came from fish which had
been frozen for an extended period of time. There was considerable moisture
present in the Arctic cod and redfish sample bags when thawed which may

have affected the of the proximal ition analysis.

P




The sample sizes of fish used to obtain energy densities were low in

most cases, or were not

, spatially, or temp y
representative of the prey consumed by hooded seals. The size range of
Greenland halibut used to discern energy densities was adequate for this
study. However, in order to substantiate the claim that the energy density of
Greenland halibut increases with fish length, it would be beneficial to obtain
energy densities for a larger sample size of fish of varying sizes. Althougha
second order polynomial regression of prey length against energy density
was very significant (2= .94, n = 10, p < .0001), sample sizes from

different size classes used were very low (Table 4.1.).

4.4.2. Seal/ Fishery Interaction

In order to understand the potential impact that hooded seals may have
on the fish stocks and commercial fisheries, information on the total cnergy
consumption of hooded seals is important (Lavigne et al., 1982).
Unfortunately, energetic requirements of hooded seals in the wild are not
known.

In the past, the energy requirements of hooded seals have been
estimated based on studies of other phocids and expressed as rate of food
consumption. The Report of the Royal Commission (1986), estimated that
hooded seals consume approximately 4% of their body weight per day.
However, using percent body weight for food consumption is not strictly

correct. Consumption varies seasonally, with the maturity of the animal, and
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with energy content of the prey species. Body mass, blubber thickness,
activity, and energy requirements of hooded seals vary throughout the year.
For example, during the breeding season, hooded seals undergo a period of
little to no food consumption, and lose up to 20% of their body weight
(Bowen et al., 1987; Kovacs & Lavigne, 1992). Therefore, they may eat
more than their immediate requirements at some point during the rest of the
year in order to replace the weight lost and prepare for the next breeding

season. C ion of must, vary As well,

hooded seals eat a variety of prey, and change the relative contributions of

these prey to the diet lly. It is imp to obtain

energetic information which corresponds to the changes seals undergo

throughout the year.

Various approaches can be taken to estimate energy requirements of
wild seals. Following the conventional energetic scheme (Kleiber, 1975), the
caloric intake of the seal is calculated from estimates of the quantity of food

ingested per meal, the fi y of feeding, of the weight of

various prey items d, and the p of those prey

items (Lavigne et al., 1982). In a more complex model used to evaluate the
annual energy budget of seals (SEAERG), additional factors such as seal
mortality, seawater and air temperatures, and body growth for seals of each
sex and age, and time - activity budgets, are incorporated into the model
(@ritsland & Markussen, 1990). A sample population model is combined
with a physiological model. Unfortunately, many or these parameters, such

as measurements of urinary or faecal loss, estimates of the heat increment of
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feeding relative to the energy content of food, activity levels, and body
temperatures in hooded seals or other pinnipeds are unavailable in the
published literature (Lavigne et al., 1982).

C ional esti of bolic rates of wild animals usually

involve multiples of basal bolic rate polated from lab y to
field situations (for example, Murie & Lavigne, 1991). However, such
estimates may not accurately estimate direct measurements in the wild.
Doubly labeled water techniques are also used to estimate ficld metabolic
rates of wild animals (Nagy, 1983; Birt-Friesen, Montevecchi, Caims &
Macko, 1989), although potential errors are also present using this technique
(Nagy & Costa, 1980). No published i ion is available on i
rates of wild seals using this methodology.

Hooded seals in the northwest Atlantic appear to spend time in areas
that are exploited by commercial fisheries. There is no doubt that they cat
commercial fish species, and commercially - sized fish. It is not possible,
however, to evaluate the impact of local predation on individual fish stocks
before more information is collected with respect to both behavioural and
physiological characteristics of seals. As well, similar temporal and spatial
information on fish migrations, abundance and energetic contents in

Canadian waters are needed.
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CHAPTFR §:
Summary

Knowledge of diet is fundamental to studies of the ecology of seals and
especially to any understanding of their role as predators in the northwest
Atlantic marine ecosystem. Although hooded seals are the largest of the
northemn phocids, and are abundant in the North Atlantic and Arctic seas,
very little quantitative data is available on their feeding behaviour and
dietary prefurences. Lack of information on hooded seals is most likely due

to their general living environment, and inaccessibility to humans.

The main objective of this study was to determine the diet and feeding
ecology of hooded seals off the coast of Newfoundland by the analysis of
stomach contents. Three steps were involved. In the first part, regression
cquations were established to estimate fish size from otolith size for the most
common prey species of hooded seals. In the second phase, stomach contents
were determined by analysis of species — specific otoliths, eye lenses and

other characteristic bony parts such as vertebrae in fishes, as well as

and beaks in i t Sizes of fish at ingestion were then

d using the equations derived from the first section. In the third

phase, the caloric dens:ies of important prey items consumed by the seals
were determined, and combined with estimated sizes of the prey items
ingested, established in the second section, such that the total caloric intake of

each species consumed by the seal could be estimated. These energetic values



were used to evaluate the relative contribution of prey to the diet in an

attempt to gain a better understanding of prey choice by the hooded seals.

5.1. Summary of ishin; ression equations

Sizes for six common prey species found in waters off the northeast
coast of Newfoundland and Labrador were derived through growth back -
calculation procedures based on the proportionality between fish size and
otolith size. The regression method estimated fish length and fish weight
from the measured size of the otolith into a fish length / weight - otolith
length / height regression derived from samples of the population.
Differences in length and height between left and right otoliths of each
species, as well as spatial and temporal differences in size within each fish

species were also examined.

No differences were found between measurements from left and right

otoliths; therefore, the average of the left and right otoliths for

each fish were plotted against fish length.

For all species except Greenland halibut, the highest possible
correlation between otolith size and fish length / weight was established using
the maximum length of the otolith. For Greenland halibut, maximum otolith

height gave a better correlation.



For Arctic cod, capelin and Atlantic herring, least squares linear
regressions provided the best predictive equations of fish length from otolith
size, whereas second order polynomial regressions provided a better fit for
Atlantic cod, Greenland halibut and redfish. The relationships between
otolith length / height and fish weight were investigated by fitting linear least
squares regressions to the log - transformed data. Coefficients of

determination for all equations ranged from .80 to .98.

Spatial and temporal differences within samples were examined for
four of the six most important prey species which contained subsets of fish
from different areas and years. Growth rates for both capelin and Atlantic
herring were significantly different between 1990 and 1991. Although
Greenland halibut and redfish growth rates were similar between two
different areas, significantly different intercepts for redfish suggested a
possible morphometric difference between subsets perhaps due to sampling

of different stocks or even different species.

These results suggested that regression equations may vary within or
between a species both spatially and temporally. However, because sex and
stock of fish samples v-ere not distinguished, and samples were not available
from al' areas and years for all species in this study, data for all fish within
each species were pooled. Further studies are needed using larger sample
sizes, taking gender and stocks into account, and employing sampizs from all

appropriate areas, seasons, and years.



5.2. Summ: i ition of h seals

Hard parts of prey remains found in the complete stomach contents of
hooded seals were examined. A total of 132 hooded seal stomachs were
collected from inshore and offshore waters surrounding Newfoundland
between 1987 - 1991. The majority of stomachs (73%) came from the
nearshore region along the northeast coast of Newfoundland and were taken
in April. No stomachs were available from the Labrador region. No pups

were taken. Over half of the samples collected were females (64.2%).

A total of 14 prey groups were identified, including 10 species of fish

and 41 Relative imp of prey, exp d as the percent
total wet weight of prey d, was d ined for all h
collected between 1982 - 1991, excluding those caught incidentally from

offshore trawlers. Greenland halibut was by far the most important species,
followed by redfish sp., Arctic cod, Atlantic herring, squid, Atlantic cod and

capelin, in d ing order of imp ing relative i

P

of prey to the hooded seal diet as percent total reconstructed wet weight was
considered to be an improvement on the other traditional methods which

include percent frequency of occurrence and numerical proportions.

Through estimating lengths and weights of fish from regression
equations established in the previous section, it was discovered that hooded
seals fed mainly on a particular size range of food. For the larger fishes, the

average lengths ranged from 25 - 35 cm, while for the two smaller species,
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lengths ranged from 15 - 25 cm. Fish consumed by seals caught incidentally

from offshore trawlers were larger than those taken elsewhere.

The estimated sizes (length), and proportions (% weight) of fish found
per stomach did not differ significantly between male and female hooded
seals, implying that males and females ate similarly - sized fish and similar

proportions of fish species within their diets.

The proportions, by percent weight, of redfish and Atlantic herring

consumed by hooded seals were significantly larger in the summer months,

whereas the relative proportion of Arctic cod d was significantly

larger in the winter months. No seasonal differences were found in actual
lengths of fish eaten, suggesting that hooded seals ate the same - sized fish
throughout the year. However, the shift in ratios of common food items
consumed between winter and summer suggested either a change in food

availability or preference.

Four of the five fish species significant (by weight) to the diet of
hooded seals examined in this study were also important commercial species:
Greenland halibut, capelin, Atlantic herring and redfish spp. Estimated sizes
of these prey eaten by hooded seals are also the same sizes of fish taken by
commercial fisheries. Thus, in relation to size, there is potential for direct
competition between the seals and the fishery. The information given by the
food of the seals in inshore waters along the northeast coast of Newfoundland

suggests that Greenland halibut is the most important species by weight and
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frequency together with redfish spp. and Atlantic herring. Several abundant
commercial fish species such as Atlantic cod, American plaice and grenadiers
which share habitats with hooded seals in March and April in this area, are
not found in their diet.

5.3. Su of energetic analysis of prey consumed by hooded seals

The caloric values for six common prey species of hooded seals were

determined by p p analysis. As hs were obtained
from different seasons and areas, and it is well known that caloric valucs of
fish may vary both seasonally and temporally, an attempt was made to collect

fish from locations corresponding to those from which the seals were taken.

Of the prey species examined, Greenland halibut, Atlantic herring and
Atlantic cod all shared the highest average energetic values, followed by

redfish. Arctic cod, capelin and squid.

Relative contribution of prey, expressed as the percent total gross
energy of prey d, was d ined for all hs collected between
1982 and 1991, excluding those caught incidentally offshore. Greenland

halibut was by far the most important species, contributing approximately
53% of the total energy consumed, followed by redfish, Atlantic herring,
Arctic cod, squid, Atlantic cod and capelin, in decreasing order of

importance. These p i ded with those ined from

percent total wet weight of prey recovered.
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No sex differences were found in the proportion of fish eaten
expressed as the percent total gross energy ingested. However, seasonal
differences in energetic values for redfish, Arctic cod and Atlantic herring
consumed by hooded seals were found. This corresponded with the
proportions of prey eaten by hooded seals expressed as percent gross weight
ingested. Since Arctic cod are more energetically rich in the summer, but
comprised a higher proportion of the diet in the winter, and vice versa for
Atlantic herring, it is likely that hooded seals do not rely simply on energetic
value of prey, but may choose prey which are more readily available, or

casier to catch.

Hooded seals in the northwest Atlantic appear to spend time in areas
that are exploited by comnuercial fisheries. There is no doubt that hooded
seals cat commercial fish species, and commercially - sized fish. It is not
possible, however, to evaluate the impact of local predation on individual fish

stocks before more information is collected with respect to both behavioural

and physiological ct istics of seals, i.e. locations and basal metabolic

rates in the wild throughout the year. As well, similar tempora) and spatial

on fish and ic contents in

Canadian waters are needed.
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