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ABSTRACT

The abundance & decipiensampled from the stomachs of 553 grey seals (aged 0-48 years) col-
lected during 14 field trips to Sable Island in 1983 and 1989 did not change significantly between
years, even though the seal population has been increasing at over 12% annually and there has been
a substantial decline in the fish biomass upon which they depend. The proportion of mature worms
in the seals’ stomachs has decreased, however. Seal growth, expressed in terms of either age or
length, showed the strongest correlation with total worm abundance. These infections were not
completely eliminated at any time during the year, but a seasonal pattern in worm abundance was
apparent. Among the youngest seals an inverse relationship was demonstrated between the abun-
dance oP. decipiensnd another parasitic nemato@entracaecum osculaturBexually matur.
decipienswere found in pups within 3 to 4 months of the commencement of independent feeding,
and the abundance Bf decipiengprogressively increased throughout the first year of life. Male

pups contracted more worms than female pups of the sam dgeipiensbundances in juvenile

seals were primarily associated with seasonal pattern and ag€, wihulatunabundance still in-
fluencing the abundance Bf decipiensbut to a much lesser extent than seen with pups. Length of
seals was the main predictor of total worm abundance in adult seals, with a seasonal pattern being
next in order of importance. Age was also significant, possibly representing a component of growth
not accounted for by length alone. No relationship between the abundafteecipienandC.
osculatumwas apparent for adult seals. The seasonal pattern in total worm abundance of juvenile
and adult seals was characterized by declines during the winter and mid-summer. We suggest these
declines are due, respectively, to the breeding season fast and one or both of 1) a change in seal diet
from primarily highly infected fish species to less infected ones, and 2) a partial fast during the an-
nual moult. The proportion of mature worms increased during reductions in worm abundance
throughout most of the year, but during the breeding fast both total abundance and the proportion
mature declined.
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INTRODUCTION _ .
The grey sealHalichoerus grypus(Fig. 1) ap-

alworm, Pseudoterranova decipiengs | pears to be the predominant final hosPiale-
S/ne of a number of anisakine nematodesipiensin the North Atlantic (Scott and Fisher

hose life cycles include fish species @4958, Young 1972, Mansfield and Beck 1977,
intermediate hosts (Scott and Martin 1957McClelland 1980, Bjgrge MS 1984), and pups
Young 1972, Platt 1975, Margolis and Arthurbegin to develop worm infections in their stom-
1979). The majority of these hosts are demersaths shortly after they commence independent
(McClellandet al 1990), and include most af feeding (Stobcet al. 1990). Grey seals of all
the groundfish species of commercial interest teubsequent life stages are infected, worm abun-
fisheries in the Northwest Atlantic. Studies indance increasing as the seals grow larger
the Northwest Atlantic have shown that levelgBjgrge MS 1984, Stobo and Beck 1985, Wiig
of infection in cod Gadus morhupand other| 1988, Stobeet al 1990). They do not appear to
commercially important demersal fish specieslpse these infections completely at any time
increased during the 1980’s (McClellaatlal. | during the year but seasonal fluctuations in
1983a, b, 1985, Brattey and Stenson 199&bundance have been observed, possibly due to
Boily and Marcogliese 1995, Marcogliesethe breeding fast or changes in diet composition
1995). The increased occurrence of sealworifWiig 1988, Stobcet al 1990, Hauget al MS
in the flesh has significantly raised the cost|01991). Stobeet al (1990) described a seasonal
processing these fish for the consumer markeycle of abundance based on a study conducted
(Malouf 1986). Although the lifecycle of this from 1983 to 1984 on Sable Island. Although
parasite and its interactions with its intermedibased on a large sample size (234 animals), it
ate and final hosts are not completely undemwas partitioned into 8 trips spread over a 13
stood (Bowen 1990), recent studies indicatenonth period (one trip in 1984), and represent-
that of the three sibling specid? (lecipiend\, | ed only a single observation of a seasonal pat-
P. decipiens3, P. decipiensC) known to occur| tern. The need for multiple or time series obser-
in the North Atlantic (Paggdt al 1991), onlyP. | vations ofP. decipiensand grey seals has been
decipiensB has been found in seals and fish ofemphasised (Brattey and Stobo 1990, des Clers
Nova Scotia, Newfoundland, and in the Gulfjofand Mohn 1990). The present paper examines
St. Lawrence (Brattey and Davidson 1996the consistency of that seasonal pattern based
Brattey and Stenson 1993). on the results of a 1989 study designed as a
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replicate of the 1983 work (the first ~ *°
trips). It also examines changes in at
dance between the two periods, du
which the Sable Island grey seal pop 80 .
tion increased at a rate of over 12% o
nually (Stobo and Zwanenburg 1990) - i

NELD

4704

MATERIALS AND METHODS

NB, ¢

Collection and Analysis Methods 460 -
Two hundred and fourteen adult and SRR
venile grey seals collected during 7 ti Lo NOVA
to Sable Island, Nova Scotia (Fig. 2, . 1~ - SCOTIA =
1983, and 339 collected during 7 trip:
1989 were used in the present ana .

o\ _ Fig. 2
(Table 1). The samples were partitior | Location of
into 3 maturity stages (approximat SABLE ISLAND Sable Island on
pups, juveniles, adults) for descript the Scotian Shelf
and analytical purposes. The pupsv : : : : , : : of the north
treated as a separate group since the 60 640 60 G20 810 600 580 560 Atlantic Ocean.

not develop nematode infections until they beThe worms were then fixed and cleared folloy
gin independent feeding, starting from lateng the same procedure used with the formalin
February (Brattey and Stobo 1990); for this reapreserved specimens in the 1983 study.

son, no pups were taken during the January

trips. However yearlings taken in January 1983 he nematodes in each stomach were sorted by
and 1989 (12-14 months old) were included| irspecies and enumerated. Only adults were enu-
the pup age group to represent the infectionmerated by sex because the sex of immature
carried by the pups at the end of the first year afforms is not discernible by simple microscopy.
life. The two older maturity stages were detertWorms were considered mature if they had a
mined from preliminary analyses of deviance adistinct vulva (females) or a dorso-ventrally
ages 1-6 (designated as juveniles) and agesfl@ttened, ventrally recurved tail and spicules
and older (designated as adults). This partitiorfnales). We understand that these criteria
ing of the ages was considered optimal due tmay be subjective to some extent (Dr G.
the absence of significant interactions betweellcClelland, personal communication), such
age and other explanatory variables during théhat comparisons between 1983 and 1989 could
modelling process (treating older animals abe confounded by differences in interpretation
members of the ‘juvenile’ group or younger an-of worm maturity between sorters.

imals as ‘adults’ complicated the models with

interaction terms). As such they reflect phasealthough 3 species of nematod&séudoterra-

of infestation that are generally, but loosely, asaova decipiens Contracaecum osculatym
sociated with the purported ages of the life hisAnisakis simplexwere found in the stomach,
tory stages used. only the data on the sealworrR, decipiens
will be presented here. Abundance<Cofoscu-
The lower jaw was removed for subsequent agatumwere included in the modelling process to
determination. The stomach was ligated at thaccount for variations irP. decipiensabun-
oesophagus and near the pyloric sphincter beance that would otherwise appear anomalous.
fore removal to prevent loss of parasites, anBox and whisker plots (Tukey 1977) were used
the 1983 samples were processed as describedsummarise the data.

in Stoboet al (1990). In 1989, the worms were

left in the stomachs and frozen within 5 hourd hree characteristics & decipiendnfections

of removal from the seal. The stomachs werésex ratio, total worm abundance, and propor-
later thawed in the lab and the worms removedion mature worms) were examined in relation
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Table 1.Numbers of grey seals by age group and sex sampled during each trip to Sable [sland.

Year: Trip

1983 1 2 3 4 5 6 7

Age Sex |Jan.10 | Mar. 2 May 7 |May31 |Aug.2 Sep.29 Nov.23 Tptals

Group -Feb.9 |-Mar.21 |-May 11 June7 -Aug.7 |-Oct.5 +Dec.1

0 M 4 3 4 4 2 5 5 27
F 5 5 2 1 5 1 3 22

1-6 M 0 5 4 3 3 4 0 19
F 8 3 3 0 2 5 4 25

7+ M 14 7 9 14 6 8 12 65
F 13 4 3 8 9 13 6 56

Totals M 18 15 17 21 11 12 17 111
F 26 12 8 9 16 19 13 103

Year: Trip

1989 1 2 3 4 5 6 7

Age Sex |Jan.14 |Mar.14 | May4 |May31 |Aug.1 Sep.29 |Dec.1 Totals

Group -Feb.3 |-Mar.18 |[-May 6 |June4 :Aug.8 +Oct.4 -Dec.6

0 M 3 4 11 6 9 9 6 48
F 3 12 5 8 4 5 7 44

1-6 M 0 18 21 2 2 5 18 66
F 3 9 10 5 5 5 7 44

7+ M 11 7 12 10 13 6 4 63
F 9 11 8 12 11 16 7 74

Totals M 14 29 44 18 24 20 28 177
F 15 32 23 25 20 26 21 162

to the grey seal host. Direct comparisons of pranodel according to the amount of deviance ex-
portions (male versus female worms, 1983 vemplained. The theory of generalised linear mod-
sus 1989 within-season worm maturities) werels refers to deviance as the measure of discrep-
made using t-tests. Direct comparisons of preancy between the observed and fitted values
portions (males compared with females, 1988McCullagh and Nelder 1983) and the form of
compared with 1989 by season and seal matuthis measure is specific to the error distribution
ty) were made using t-tests. For each test, vafdeing used. We initially assumed a Poisson dis-
ances were first compared between samples tabution since it is generally considered to be
determine whether the t-test should be computhe appropriate error distribution for count data
ed assuming equal variance or not, and then tliiglcCullagh and Nelder 1983). The significance
appropriate test chosen. In the earlier analysif the amount of deviance accounted for by the
of the 1983 data (Stolmi al. 1990) generalised inclusion of each variable is tested with?asta-
linear models (McCullagh and Nelder 1983}istic. The resulting GLIM models all had very
were used to investigate the relationship bdarge deviances, indicating that the model was
tween worm abundance and the length, age jaimthdequate; in particular, the data were overdis-
sex of the seal host using the GLIM progranpersed with respect to the Poisson distribution.
(Payne 1986). Explanatory variables were fitted\ log transformation made the data more sym-
to the data and tested for inclusion in a lineametrical, so the data were log-transformed and
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modelled using a normal distribution and idgn¥al trend during January-March sampling rela-
tity link with F tests of the significance of the tive to subsequent months, the apparent timing
amount of deviance explained by each variabldeing earlier in the year than was actually the
We repeated this procedure on the 1989 samase. For the modeling process, we numerated
ples to determine if the same conclusions woulthe January-February trip as month 2, and the
be obtained, as a check on the validity of th&larch trip as month 4, to better reflect the mag-
1989 data as a second sampling according totudes of time passed between trips. Most of
1983 protocols. We then wused S-Plushe March samples were taken near the end of
(Chambers and Hastie 1992) to analyse thihe month. In the text, we have labelled the
combined 1983 and 1989 data set. sampling periods as the January(1), March(2),
May(3), June(4), August(5), October(6) and
For this analysis, we have made four major addecember(7) trips.

justments relative to the earlier examinatipn

(Stoboet al 1990) of worm infections: 1) each In all statistical tests, probability levels ofG5
seal maturity stage was modelled separately; 2)ere considered significant while levels > 0.05
we dropped the constraint that the relationshiput <0.1 were considered marginally significant.
between log-transformed worm counts and ex-

planatory variates (age, length) be linear, by e®escription of seal specimens

timating any curvature of the relationships andVhile the majority of animals in the samples
applying suitable polynomial transformatiomswere less than 30 years old, eleven were older,
to the explanatory variates; 3) sampling trighe oldest being 48. Testing for growth differ-
was included as a seasonal polynomial explanances between 1983 and 1989 (Fig. 3) for either
tory variates; 4) the logged abundanc€obs- | males (F=1.75, df=283, p=0.89) or females
culatumwas included as a polynomial explana{F=0.79, df=260, p=0.37) showed no signifi-
tory variate. We also included the year (198%ant differences between years. We modeled
and 1989) as a study factor. Order of entry oflefnale and female growth using the von
fects was determined using the S-Plus steBertalanffy growth equation (Fig. 4), using age
function (X2 test of significance for entry or re- in months as the time axis. Sexual dimorphism
moval of a term). Initial parameterisations pfwas strongly evident in both years, even in
polynomial terms were derived using non-parapups. The estimated maximum size of males
metric smoothing and loess transformations L) was 227.4 cm, substantially larger than
generalised additive models (Chambers anthat of females (199.4 cm).

Hastie 1992) to estimate suitable degrees| of

freedom as starting points for subsequent geﬂBESULTS

eralised linear models.

Sex Ratio
Variability in the timing of sampling within The proportion of adult malé®. decipiens
months distorted the representation of a tempdrased on mean worm counts, was 0.49 and 0.50

= " Fig. 3
~ X NyEgx X % Length at age of
X xx¥x guiii iﬁxgiﬂﬁgxixx * ° male and female
) g ¥88x _g85 xg ox 8033@ o © o s grey seals collected
E & X g "393952@ 838 go 8°08° 0© during 1983 and
£ xs 8 8°°0g o 0 © 1989 on Sable
g 5 E 85 °© Island.
427 R X~ Males, 1983
io X = Males, 1989
o X o = Females, 1983
21 o = Females, 1989
0 10 20 30 40 50
Age in Years
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Fig. 4 . PR
Length at age (in . LY I o) COPCY L X R B . SOOI
mo?ﬂhs) ofgma(tle £8 oot ‘! » Ol ° 0 o o ° . .
and female grey £ & o o0
seals combining &
(:?Il-:tsas _?E(ej ?;233 § Length=227.4(1-e"{-0.045*Age))
lines reflect the 5 Lengtho=195.‘:[(';?:&?0.043‘@‘9;)
von Bertalanffy
growth equations
given. 0 100 200 300 400 500 600
Age in Months
in 1983 and 1989 respectively. With the malginally significant when the two years were
and female adult worms in each stomach treatombined P=0.092). For the present analysis,
ed as a paired sample, the difference in this prehe ratios were sufficiently close to a 1:1 sex ra-
portion from 0.5 was significanP£0.026) in| tio among adult worms to warrant combining
1983, insignificant in 1989=0.571), and mar+ the two sexes in further analyses.
= — Maturity in Worms _
2 o | S Due to the different behavioural
s ° _— S cycles of mature and immature
g 01 ___ : : - seals, worm maturity, defined as
s . : - - - the proportion of mature worms in
s 51 __ mm - T each seal, was examined separate-
§ o : = ! = ! - ly for each seal maturity stage
2 ° ! : : = (Fig. 5). Median worm maturity in
2 ' _— - == pups was lowest in March, in-
Mar  May May-Jun Aug Sep-Oct Nov-Dec Jan-Feb creased to a peak in June, declined
through late summer and fall, then
e increased again during early win-
° . JUVENILES a— ter. The January data consisted of
Fig. 5 g S 7 —_—— animals approximately 14 months
Box-and-whisker 3 o | e ip— - : old and represents the seals’ worm
plots showing sea-g : : —_— infections at the end of the first
sonal proportions = T : : : year of life. Juveniles exhibited an
of sexually mature§ —_— P ] ! increase in the proportion of ma-
P. decipiensngrey g g - - = = . . ture worms from a low during
sgglsésexmlels ctorc?& o | : - January to February to a peak in
dl;?i?l ) collecte © May to June, a slight decline in
g 1983 and Jan-Feb  Mar May May-Jun Aug Sep-Oct Nov-Dec
1989 on Sable summer and fall, followed by an
Island. The light ° increase in November to De-
bar inside each box ™~ |abuLTs _ cember. Adults exhibited 2 annual
corresponds to the €« | —_ peaks in the median worm maturi-
median proportion, £ D — — ty, with a weak peak in March and
the box encompass-g < — — B : : a much stronger peak in August.
esS0%ofthe 5 = : : The patterns of worm maturity for
th%bfr?é\éa(“vﬁﬂzkz:gé sl — . : all three seal_ maturity stage_s indi-
bracket the 95% & & | : = = = cated the highest proportion _of
confidence interval & ! ; : : _ : mature worms occurred in mid-
for the observa- & 1 —_— summer, and the lowest proportion
tions. Jan-Feb Mar  May May-Jun Aug Sep-Oct Nov-Dec during late winter.
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Table 2. Comparison of the mean proportion of mature worms in the stomachs of grey sgals by
trip between 1983 and 1989.

1983 1989
Trip Mean St. Dev. Mean St. Dev. | tvalue Pr(t)
Jan. 10 - Feb. 9 0.108 0.115 0.101 0.145 0.24 0.809
Mar. 2 - Mar. 21 0.281 0.208 0.156 0.156 2.80 0.008
May 4 - May 11 0.349 0.217 0.196 0.166 3.63 0.000
May 31 - June 7 0.290 0.186 0.300 0.207 -0.21 0.836
Aug. 1 - Aug. 8 0.580 0.230 0.225 0.175 7.33 0.000
Sep. 29 - Oct. 5 0.401 0.167 0.197 0.190 4.97 0.000
Nov. 23 - Dec. 6 0.275 0.159 0.329 0.223 -1.26 0.212
* t-test for samples with unequal variances used

The proportion of mature worms in the stomtion of normality appears reasonable for all
achs of the 1983 samples were generally high#énree models (Fig. 6).
than that observed in 1989. In 4 of the 7 trips

(March, May, August, October), the 1983 samThe age of the seals was a major effect on worm

ples had a significantly higher mean proportiprabundance in every model (Fig. 7), wikhde-

of mature worms than the comparable 1988ipiensabundance increasing as the seals grew

trips (Table 2). older. The model for pups (Table 5) indicated
that age (in months) during the first year of life

Abundance had the greatest effect on total worm abun-
Individual worm abundances ranged from 4 t@lance; the relationship was positive and linear
12,680 in 1983 and 2 to 6,119 in 1989; the lowwhen worm counts were log-transformed.

est numbers were carried by pups while thélaving commenced independent feeding in
highest numbers were carried by a 31 year oldebruary, pups already exhibited relatively high
female and a 16 year old male in 1983 and 1988orm counts by March. Subsequently the abun-
respectively. Mean log-transformed abundance of worms increased throughout the re-
dances and standard deviations

marised by trip, maturity stage, and
are presented in Table 3. The GL
analysis procedure used by Stadtoal
(1990), when applied to the 1989 d.
indicated that the dominant influen
on worm abundance in 1989 were
same as found with the 1983 d
Length was the most important single
fect, and neither age nor sex were si¢
icant factors when entered subseque
length (Table 4). The results of moc
ling using S-Plus (Tables 5 to 8) indic
ed that the differences in worm ab
dance in any of the seal maturity ste |
between 1983 and 1989 studies wa: . . T T T T T
significant, and that there were no sig
icant interactions between any of

terms in any of the models. The assu

c- -

ADULTS ooooo
1 JUVENILES +4+4+

xxxxx

Residuals

-3

Quantiles of Standard Normal
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Fig. 6

Quantile plots of
the residuals from
the final models of
P. decipiensabun-
dance in grey
seals. A perfect
Gaussian fit line
for the adult model
is included.
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mainder of their first year of life. In both juvg & oo e
. - —
nile and adult models (Tables 6 and 7), opti o ®% IB 88
. - . a) o
results were obtained by curve fitting a third ¢ =
ree polynomial for age. ™ N
gree poly g & 38 28 £3
= S N oS ™o
. .. o o™
A seasonal pattern iR. decipiensabundance ~ 2z 2
Fig. 8) was pronounced for both juveniles & ~ 1O o o
= o <t 0 < < ™
adults, and subsumed for pups by age 2 OO ©® 00
. N
months. High worm abundances were ms =)
tained throughout the year by juveniles a o © @ SO Nm 9
adults, but both groups demonstrated a con NaEl| e O Mo ©o
tent sequence of peaks and troughs in af © §8 § - o
dance throughout the year. This pattern fit b =
as a fifth degree polynomial in the juvenile a| 2 S8 R[5 BEY
adult models (Fig. 9). An increase in wolr a o - oay
abundance following the breeding season ( '(%
December to early February) continued uf T, 32 SK 89
May. Subsequently both groups exhibited a o =2 I3 § oo ey ®o
cline in worm abundance through the summ = 0 (,3 =
followed by another increase in the fall prior - No Lo oo
the breeding period (more gradual for adu a4 me @E g%
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adult grey seals sam-g = . . ' = = N
. N . = N =
pled during 1983 g ®
and 1989. The fitted™ e 5 3 gy '@ =9
lines were predicted ) . . Y . . = 5 B~ N o
from analysis of de- 2 ]
viance models. Pup JUVENILES - AGE IN YEARS g oo
and juvenile trend : - = 285 N '8 9%
. @ v 0 x P
lines were calculated, " |2 liistaiguit onei b = 8L e o < S
for average C. oseu & TR N I I . @
latumabundance, ju- 5 W ' % 3 3 3
venile and adult § . +:f0 -. 0, ¢ . = < | © g 3 g 2 g
trend lines were cal-g * = wiggs S 29
culated for October, g = iy Q
and the adult trend” « : = 2 2
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for an animal of e l(-IDJ o & Eo >
average length. ADULTS - AGE IN YEARS f_ﬁ < | ~E Qe R
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worm counts from grey seals taken in 1989.

model as indicated by R(BJ|A).

Table 4.Analysis of deviance to model effects of age, sex and length to explain variability|of log

All models use an identity link and normal erfor dis-

tribution. The amount of deviance explained by factor B is given that factor A is already|in the

Model Degrees Deviance Reduction Deviance R(.].)
Factors of Freedom in d.f. Explained @

MEAN 341 486.3 M
LENGTH 340 310.0 1 176.3 LM
+SEX 339 308.6 1 14 n.s. | SIM,L
+AGE 339 309.9 1 0.1 n.s. | AM,L
SEX 340 472.5 1 13.8 S|M
AGE 340 386.5 1 99.8 AM

2 all values are significant (p<=0.05) except those followed by n.s.

Table 5.Analysis of deviance of loBseudoterranova decipieabundance in pups. Terms in ifa-
lics not retained in final model. The preceder “poly” defines the term as a polynomial (term,de-
grees of freedom). The C.o. term denotesGogtracaecum osculatuabundance.

Gaussian Model |Df PDeviance Residual Residual F Vvalue PRr(F) Dispersion
Explained Df Deviance

NULL NA NA 140 203 NA NA 1.450
+AGE IN MONTHS 1 | 34.177 139 169 |28.264 | 0.00000
+poly (C.0.,2) 2 | 16.434 137 152 7.523 | 0.00080
+SEX 1 5.481 136 147 5.018 | 0.02673 1.078
+STUDY 1 0.262 135 146 0.240 | 0.62517
+LENGTH 1 0.058 134 146 0.054 | 0.81733
- STUDY - LENGTH
+AGE IN MONTHS : SEX | 1 0.001 135 147 0.001 | 0.98095
+poly(C.0.,2) : SEX 2 1.635 133 145 0.750 |0.47460
+AGE IN MONTHS 2 2.163 131 143 0.992 |0.37370
:poly(C.o0.,2)

- AGE IN MONTHS:SEX - poly(C.0.,2):SEX - AGE IN MONTHS:poly(C.0.,2)

The role of coincident abundances®foscula-

tum graded in importance across matur
stages. They were a major negative influer
on P. decipiengbundance in pups, a minor b
significant effect in juveniles, and no effect

adults. The best fits were obtained by treat
loggedC. osculatuntounts as a second degr
polynomial (Fig. 10).

Sex was a significant, but minor, effect only
the pup model, with males carrying slight

biggest influence on the worm abundance of
tyadult seals (Fig. 11), yet proved insignificant
clr pups and juveniles. The shape of the rela-
uttionship between length and worm abundance
nis the same as that between age and worm abun-
ndance for adult seals, both fitting best as third
ealegree polynomials during modelling. To ex-

amine if the relative significances of age and

length exhibit a time-dependent relationship,
insuccessive models were iterated with cumula-
ytive exclusion of ages younger than 8 through

larger numbers than females (see Fig. 7 for seg7 years, beyond which model integrity was

ually differentiated predictions for age |
months). The size (length) of a seal was

neroded for lack of data. The ratio of deviance
thexplained by age to that of length fluctuated
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Table 6.Analysis of deviance of log Pseudoterranova decipiens abundance in juveniles. Terms in itplics not
retained in final model. The preceder “poly” defines the term as a polynomial (term,degrees of freedom).
The C.o. term denotes l@gpntracaecum osculatuabundance.

Gaussian Model |Df Deviance Residual Residual Fyvalue Pr(F) Dis-

Explained Df Deviance persion

NULL NA NA 153 114.5 NA NA 0.748

+poly(TRIP,5) 5| 21.450 148 93.05 8.074 |0.00000

+poly(AGE,3) 3| 15.487 145 77.56 9.716 |0.00001

+poly(C.0.,2) 2 3.699 143 73.86 3.600 [0.02993| 0.517

+SEX 1 1.011 142 72.85 1.968 |0.16296

+STUDY 1 1.004 141 71.85 1.953 |0.16447

+poly(LENGTH,3) 3 0.947 138 70.90 0.614 |0.60694

- SEX - STUDY -

poly(LENGTH,3)

+poly(C.0.,2):poly(AGE,3) 6 1.838 137 72.02 0.575 |0.74985

+poly(TRIP,5):poly(C.0..2) 10 3.971 127 68.05 0.745 |0.68109

+poly(TRIP,5):poly(AGE,3) | 15 8.330 112 59.72 1.042 [0.41926

- poly(C.0.,2):poly(AGE,3) - poly(TRIP,5):poly(C.0.,2) - poly(TRIP,5):poly(AGE,3)

Table 7. Analysis of deviance of logseudoterranova decipieabundance in adults. Terms in italics not|re-
tained in final model. The preceder “poly” defines the term as a polynomial (term,degrees of freedgm). The
C.o. term denotes logontracaecum osculatuabundance.

Gaussian Model |Df Deviance Residual Residual Fvalue Pr(F) Dispersion
Explained Df Deviance

NULL NA| NA 257 275 NA NA 1.069
+poly(LENGTH, 3) 3 | 50.400 254 224 22.766 | 0.00000
+poly(TRIP, 5) 5| 33.474 249 191 9.072 | 0.00000
+poly(AGE, 3) 3| 10.328 246 181 4.665 |0.00344| 0.734
+STUDY 1 0.350 245 180 0.474 |0.49171

+SEX 1| 0.099 244 180 0.134 | 0.71449
+poly(C.0.,2) 2| 0.089 242 180 0.060 |0.94184

- STUDY - SEX - poly(C.0.,2)

+poly(LENGTH, 3):poly(AGE, 3) | 9 | 9.971 237 171 1.522 |0.14189
+poly(LENGTH, 3):poly(TRIP, 5) | 15 | 11.811 222 159 1.082 |0.37521
+poly(TRIP, 5):poly(AGE, 3) 15| 8.026 207 151 0.735 | 0.74730

- poly(LENGTH,3):poly(AGE,3) - poly(LENGTH,3):poly(TRIP,5) - poly(TRIP,5):poly(AGE,3)

trendlessly between 0.19 and 0.27, providing|ned 17.5% of the total population, as predicted
evidence of a systematic change in the relatiiey a stable age distribution (Zwanenburg and

influence of either effect over time. Bowen 1990). During the same period, the
decipiensinfections carried by many of the
DISCUSSION prime finfish prey of seals had increased

(McClelland et al 1985, Bratteyet al 1990,

Our analysis indicated that there has been ridarcogliese 1995). This suggests that the inten-
change inP. decipiensabundance in grey sealssity of infestation of fish is positively influ-
between 1983 and 1989 in any of the seal matenced by seal population size, but that the inten-
rity stages (Tables 5 to 7). During that 7-yeasity of infestation of seals is unaffected by
period, we estimated that the Sable Island greycreases in worm abundance in fish. It could
seal population increased from approximatelype hypothesised that an upper limit has been
31,000 to 55,000 animals, using the pup proeached in the carrying capacity of the seal pop-
duction numbers from Stobo and Zwanenburglation for sealworm, but the high variation in
(1990) and the assumption that pups represeridividual worm counts of seals in both 1983
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Table 8.Parameter estimates from analysis of deviance of grey seal log worm counts by |ife his-
tory stage. The preceder “poly” defines the term as a polynomial(term, degrees of freedom).
a) PUPS
Coefficients Value Standard Error t value
Intercept 5.019 0.380 13.203
AGE IN MONTHS 0.136 0.030 4.508
poly(C.0.,2)1 -1.378 2.355 -0.585
poly(C.0.,2)2 -7.897 2.075 -3.805
SEX -0.399 0.177 -2.254
b) JUVENILES
Coefficients Value Standard Error t value
Intercept -19.074 39.340 -0.485
poly(TRIP, 5)1 -0.627 1.604 -0.391
poly(TRIP, 5)2 -6.131 1739 -3.525
poly(TRIP, 5)3 -0.407 1.606 -0.253
poly(TRIP, 5)4 -6.784 1.585 -4.281
poly(TRIP, 5)5 -2.681 1.471 -1.823
poly(AGE, 3)1 -1380.640 2231.791 -0.619
poly(AGE, 3)2 -1372.612 2295.022 -0.598
poly(AGE, 3)3 -366.372 673.276 -0.544
poly(C.0.,2)1 0.226 1.868 0.121
poly(C.0.,2)2 -4.646 1.851 -2.510
c) ADULTS
Coefficients Value Standard Error t value
Intercept 8.528 1.251 6.816
poly(LEN, 3)1 -36.005 39.521 -0.911
poly(LEN, 3)2 31.026 24.023 1.292
poly(LEN, 3)3 -8.213 8.811 -0.932
poly(TRIP, 5)1 1.492 1.346 1.108
poly(TRIP, 5)2 -5.391 1.290 -4.180
poly(TRIP, 5)3 5.776 1.359 4.251
poly(TRIP, 5)4 -1.763 1.315 -1.340
poly(TRIP, 5)5 -0.681 1.264 -0.538
poly(AGE, 3)1 -8.034 5.360 -1.499
poly(AGE, 3)2 5.486 3.178 1.727
poly(AGE, 3)3 -6.027 1.968 -3.063

and 1989 does not support that conclusiprcooled significantly (Anonymous 1995a,

Although the magnitudes of individul decip- | Drinkwater and Pettipas 1994, Simon and
iens counts appear to reflect a stasis over thEomeau 1994). Associated with the cooling
years, a decline in the proportion of matyrerend, the growth rates of several commercial
worms in the seals’ stomachs in most of théish species declined (Anonymous 2000,
months in which samples were taken betweeRowler and Stobo 2000). If the same relation-
1983 and 1989 was evident (Table 2). Two posship between temperature and growth rate ob-
sible explanations for this change are wateserved for fish applies to other cold-blooded
temperature and fish size. During the 1980’sspecies, the cooling phenomenon may have
bottom water temperatures on the Scotian Shedfowed development of the worms as well, re-
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Fig. 8
Seasonal
P. decipiens
abundance in
grey seals (sex-
es combined)
collected during
1983 and 1989
on Sable Island.
The light bar
inside each box
corresponds to
the median
proportion, the
box encompass-
es 50% of the
observations,
and the lines
(whiskers)
bracket the 95%
confidence
interval for the
observations.
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sulting in smaller, more immature worms bei
ingested by seals. Secondly, concurrent w
dramatic declines in the biomass of commert
fish species over the last couple of deca
(Anonymous 1995b, 1996, Simon and Come
1994), the size compositions of major fi
stocks (including gadoid and flatfish specie
have generally shifted toward smaller fi
(Anonymous 2000, Fowler and Stobo 20(
Stobo et al 1997). Hence the majority of co
mercial fish prey available to the seals wg
smaller in 1989 than 1983. McClellard al

(1983b, 1990) noted that sealworm abunda
in fish increases with fish size, and Moller a
Klatt (1990) noted that in smelt, sealwor
length increased with size of the fish ho

correct, the production of sealworm eggs in the
Northwest Atlantic may have been reduced due
to a longer period of time required for the
worms to reach sexual maturation in the stom-
achs of the seals.

Seasonal fluctuation in the proportion of mature
worms in seals may be a consequence of sea-
sonal changes in worm ingestion rate. Increases
in the proportion of mature worms in adult seals
usually corresponded with decreases in worm
abundance throughout most of the year, with
the highest proportion of mature worms coin-
ciding with low worm abundance in August,
our first sampling after the moult (mid-May to
mid-June). This might indicate lack of recruit-
ment of immature worms (fewer being ingested
due to partial fasting) and the development of
pre-existing immature worms into sexually ma-
ture adults. This inverse relationship between
maturity and abundance Bf decipiensvas not
observed, however, during the January
—February trip, at the end of the breeding fast
(late December to early February). These seals
are characterised by both the lowest number of
worms and the lowest proportion of mature
worms. This difference may be explained by the
ngcomplete and prolonged fast undertaken by the
itadult seals during the breeding season. During
sighat period mature worms were being shed (per-
desonal observation). That, in combination with
2athe acquisition of immature worms when feed-
shing resumed, could explain our observations.
:S)
shThe observed seasonal patterns of nematode
Oabundance in grey seals, and trends associated
mwith host maturity, may be influenced by the
2reomposition of grey seal prey and nematode in-
festations of intermediate hosts in the vicinity
naef Sable Island. However, diet studies of Sable
ndsland grey seals and studies examining nema-
mtode infestation rates in potential prey species
stof grey seals do not provide the necessary tem-

Because small fish tend to consume smallgyoral resolution to compare with seasonal pat-

prey than large fish, fish in 1989 might ha
been exposed to a higher proportion of smal
immature sealworm larvae than fish in 19§
Thus while the seals may have consumed n
of these smaller fish in 1989 to satisfy their ¢
ergy requirements and thereby maintain

same overall abundance levels, they could &
have ingested more immature worms. If this

velerns in nematode infestations of grey seals.
leOnly 47 of the 247 grey seal stomachs from
3Sable Island examined by Benoit and Bowen
0[&990) and 39 stomachs examined by Bowien

2nal. (1993) contained any food at all, most seals
thbaving completed digestion before hauling out
alsnd being sampled. As well, the majority of
ishese animals were sampled during breeding

Sealworms in the North AtlantiEcology and Population Dynamics



and moulting periods, when they were more i JUVENILES
clined to haul out and less inclined to feed. Bot €
studies combined provide only 30 stomach
represent 9 months of normal feeding peri §:: «@
across 3 stages of seal maturity, producing|i 2
sufficient information to correlate with nem
tode abundance patterns in grey seals. Scat c§ <
from 393 collections on Sable Island (Bowe 7,
and Harrison 1994) provides better seasor3
coverage, though without any correspondin
seal maturity data. But scat samples provjc Jan-Feb Mar May Aug  Sep-Oct Nov-Dec
only identifiable hard parts, are often incapab!

of separating out species of potential inter
from broader taxonomic groups, and precluc
consideration of softer prey items. Finally,
are dealing with nematode species that exhil ¢ "

residency periods in seal stomachs of up t 3
months, versus food retention times of a f w | !

ance

rm Ab
6
LR L

TRIP

ADULTS

*

hours. Intermediate host sampling in the vici
ty of Sable Island (McClellandt al 1990) did
not provide seasonal information, and targete 5
groundfish species, whereas we are intere = ¥ N
in the seasonal infestation patterns of any nyr 3
ber of commercial and non-commercial fish, in
vertebrate, and pelagic fish species. To propel  janFeb  Mar May Aug  Sep-Oct Nov-Dec
identify the source(s) of nematode infestatiar

would require synchronous sampling of seal using the 1990 analysis procedure (Table 4), Fig- 9

stomachs for newly ingested worms and prewhen we established three seal maturity staPredicted seasonal

species for nematode contributions, or resultand modelled them separately, it became apﬁ’&i?ﬁjﬁﬁf

will be confounded by any short-term or seaent that the relative importance of length W'juvenile (age 4) and
sonal variations in diet. respect to worm abundance varied between it (210 cm, age

turity stages. 16) grey seals. The
Stoboet al (1990) found that seal length, as a observed values for
proxy for size, was the main influenceBrde- | Log worm counts in grey seals during the filindividual seals are
cipiensabundance, when the total length ranggear of life were related to age (Table 5), aalso shown.

of the seals in the 1983 samples was modellethg counts increased linearly with age

We obtained the same result with the 1989 dataonths (Fig. 7). Although length was not a sifig. 10

The relationship
between Pdecipiens
and_C. osculatum
worm abundance in
younger seals. Model
predictions are in-
cluded for a 14-
month old male pup
(solid line) and a 3-
year old male juve-
nile (dotted line).
The juvenile predic-

m Abundance

*
*
ot ]
* ok nLtwtmt

* ok

g

2 3 4 5 6 7 8 9

Log P. decipiens Abundance

1

PUPS * i i
JUVENILES o tion was derived for

a Jan.-Feb. trip cor-
responding with the

0

0 1 2 3 4 5 6 7 8 trips for which pups
Log C. osculatum Abundance are 14 months old.
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Fig. 11
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nificant effect, age (in months) represented bptharcoglieseet al 1996) provided no proof of
change in size and duration of exposure in theompetitive exclusion, inverse relationships in
model. Because the pups were developing thedbundances being attributable to geographic,
initial infections of sealworm, it is not surpris- prey or temperature effects. We believe that for
ing that no seasonal pattern was evident. S6&able Island seals we can reduce the possibili-
was a minor effect probably because even in|thés to either competition or diet. That the effect
first year of life, the sexual dimorphism in sealdiminishes with age in this study, to the point of
size becomes apparent. insignificance for adults, suggests that eitRer
decipiensis better adapted to the host species
It is interesting thatC. osculatumcommonly | and competitively displace€. osculatum or
associated with Gulf of St LawrencethatC. osculatunrecruitment is reduced as the
(Marcoglieseet al 1996) and Newfoundland seals age due to change in host diet. All our
seals (Brattey and Stenson 1993), is most abuspecimens were collected on Sable Island, and
dant in pups on Sable Island. We speculate thab significant interactions betwed&h oscula-
this nematode might be abundant in some of|thlem abundance and trip are evident. This effec-
smaller prey species around Sable Island, aniely rules out geographic differences and tem-
that these species become progressively less geerature effects as causative factors governing
sirable as the seals become more adept at catecblative abundances of the two nematodes. If
ing larger prey. As a means of distinguishing thehanges in temperature affected the balance, or
recent origins of Sable Island breeding seals iour data were seriously confounded by migrant
terms of Gulf or Shelf feeding grounds, preseals from the Gulf of St Lawrence, we would
dominance o€. osculatunin adult seals seems expect significant interaction betwe€n oscu-
likely to denote a Gulf feeder, but the potentjalatumabundance and trip (or age in months).
to distinguish seals is probably restricted to ma-
ture animals. Worm abundance in juveniles was affected pri-
marily by season (trip) and age, withoscula-
The importance of. osculatunabundance as a tum abundance a minor effect (Table 6). The
negative influence o®. decipiensabundance predicted abundance trend shown in Fig. 7 for
appears consistent with the principle of compefuveniles illustrates the increase with age. Since
itive exclusion. The two species share the santhis continues to be a rapid growth period for
resource, density dependence becoming apparey seals (Fig. 3), age may represent an in-
ent at higher combined worm abundancecrease in mass not fully reflected by length
Potential for competitive interaction betweernalone. The seasonal effect on worm abundance
these two nematodes was hypothesised| by juvenile grey seals (Fig. 8) describes a pat-
McClellandet al.(1985), but subsequent inves-tern similar to that observed for adults. Given
tigations (Brattey and Stenson 1993the preponderance of immature seals in this
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group, it is interesting that a late winter drop|irBy replicating the 1983 study and analysis in
worm abundance can be discerned. It may| bE989 we have established that the relationships
that even juveniles have a physiological reare accurate descriptions of the biological inter-
sponse to the breeding season and undergations between parasite and host. We have
some degree of fasting, resulting in a winter deconfirmed that grey seals acquire sealworm in-
cline in worm abundance similar to that opfections shortly after they commence independ-
served in adults. ent feeding, that numbers of worms continue to
increase as they grow and that they do not lose
Worm abundance in adults (aged 7 and oldegny major portion of their infection throughout
was affected by length, season (trip), and agée year. We also have determined that worm
in order of importance (Table 7). Sex was noabundances were not different between 1983
significant. These results confirm those |ofand 1989, spanning a period of many changes
Stoboet al (1990), that sex is not importantin grey seal population status, prey availability
once we account for the effect of length. Thisnd environmental conditions. Lastly we have
means that males and females of the same |siEdined our understanding of some of the inter-
will carry similar infections, and since malesactions between the decipiensiematode and
grow larger than females, they will generallyits primary host, including the relationship with
carry larger numbers at age. But even witlC. osculatunin younger seals.

length in the model, age was still a significant

effect. We suggest that, although length beFhe results of this study may have significant
comes asymptotic in older grey seals (Fig. 4)mplications relevant to the management of the
the animals continue to increase their massgealworm problem. Because grey seals retain a
their food intake, and consequently their wormarge proportion of their worm infection during
counts; thus age may be accounting for a pothe breeding season, control of the infections in
tion of growth and potential worm abundanceactively breeding seals could have a significant
not explained by length alone. The seasonal efimpact on the annual production of sealworm in
fect (Figures 8 and 9) indicated a polynomjathe Northwest Atlantic Ocean. As grey seals are
relationship which described the declines in toaccessible to non-lethal control measures dur-
tal worm abundance during the breeding seasang the breeding season, and relatively inacces-
and during midsummer. These results supposible at other times of the year, the potential
the hypothesis of Stobet al (1990) that, dur-| vulnerability of sealworm at this time is of prac-
ing the breeding season, fasting grey seal adulisal significance. If lethal control measures are
lose some of their worms, but they are regainecbnsidered, then culling the larger seals might
soon after resumption of feeding. During mid-be expected to have the greatest impact on
summer, worm abundance again declines, bwiorm egg production in the subsequent years.
our modelling supports the conclusion (Stelhg However a relationship betwed? decipiens

al. 1990) that the timing of the decline in wormfecundity and subsequent numbers of larvae in
abundance in mid-summer cannot be entirglfish has not been established (Brattey and Stobo
accounted for by a partial fast during the moult1990, des Clers and Mohn 1990). Thus any effi-
We suggest a seasonal change in availability ofacy of reducing sealworm infections in grey
or preference for, prey species may also be|irseals during the breeding season, in terms of
volved. Worm abundance then slowly buildssubsequent infestation of fish, should not be as-
back up through the fall. sumed. Similarly, the magnitude of a cull neces-
sary to effectively reduce the abundance of
Generally, this analysis comes to many of theealworm in fish cannot be determined until
same conclusions as that of Stat@l (1990). | this relationship is quantified.

The 1983 study however, was a single obsernva-

tion of a complex of interactions between a parACKNOWLEDGEMENTS

asite and host over the space of a year. As such

the conclusions might describe only the situavwe are grateful to the several people who as-
tion in that year with potential built-in biasessisted in the collection of these samples, Brian
due to sampling or environmental conditionsBeck, Andrew Wynn, and John Horne in partic-
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