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INTRODUCTION

Btudies on the parasites of Atlantic salmon to determine which parasitic
specles might be useful to ascertain the continental origin of salmon caught on
the high seas began 1n 1966. The first studies were made on parasites of fresh
water origin and after about three years study it was concluded thet these would
be of little value to distinguish stocks on the high seas (Pippy, 1967, 1968).
Thus, in 1968, emphasis was switched to parasites of merine origin. The most
promising specles were larvae of the nemstode Anisakis sp. and the adult
tapeworm, Eubothrium erassum (Pippy, 1969).

The efficiency of determining the sbundance of Anisskis larvae in
salmon was greatly increased in the fall of 1969 when ultraviolet light was used
to eid in detecting the larvae (Pippy, 1970). Counts of larvae previous to that
period were therefore not considered comparsble to those made afterwards.

By 1970 the available data suggested Anipakis larvee were more abundant
in European salmon than in those from North America. This suggestion agreed
with that of Tempieman (1967} who made an earlier comparison of the abundance
of the larvae with the river ages of the fish. The difference waa later
confirmed in etudies by Hyman and Pippy (1971, 1372). Such differences could
only be used effectively as biclogical indicators if there were minimal annual
variations in abundance of the larvae, If there were significant anmual
variations, they would have to be predictable to be useful. Pippy {1970)
presented data suggesting that annual variations did exist but the validity of
this was questioneble becasuse of the doubtful reliability of the data used (based
oh counts made without the aid of U.V, light). This report documents the procedure
used in an sssessment of the use of larval Anisakis sp. as a bioclogical tag to
separate stocks of Atlantic salmon on the high seas.

MATERIALS AND METHODS

A total of U381 adult salmon from 1lb sampling stations wes examined for
lerval Anisakis sp. (Fig. 1 end Table 1). BSalmon from North America and West
Greenland were all taken from the sea whereas those from the United Kingdom were
predominantly from fresh-water or estuarial habitats. In each case, only the

viscera wes included in the examination: heart, mesenteries, and the entire
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alimentary canal and associated organs, Viscera were collected in the field,
frozen in polyethylene bags, and placed in frozen storage. Parssitologlcal
exswinations were conducted within six months after collection.

Hoat ages were determined from the scales and expressed as the number of
winters the salmon had spent at sea, e.g. Age I = 1 winter at sea, Age II = 2
winters at sea, etc,

Paragite counts were highly skewed to the left and the standard
deviations approximated the mean (Table 2}. This indicated a logarithmic
transformation wes required before statistical procedures epplicable to normal
distributions could be used., Barnes (1955) suggested the transformation
y = log (x + 1) for such distributions, For convenience the one chosen in
this study was: y = 10 log, (x + 1), All analyses were conducted on transformed
data (Table 3). Only samples containing 15 or more hosts were ineluded in
statistical analyses. Analyels of variance followed that deseribed by
Suedecor (1956), When analysis of variance suggested heterogeneity among the
samples, & modified Duncen's multiple range test (Xramer, 1956) was used to
compare the means and to group samples with similar means.

REBULTS

Abundance of Anisakis larvee in Atlantic salmon

The sbundance of parasites ip samples may be measured in two vays:
the prevalence {Table ) expressed as a percentage of the hosts infected,
and the mean number of parasites per host (Tables 2 and 3)., Zero counts are
included in the ealculation of the mean. Prevelence is of limited value as
few standard statistieal procedures are adaptable to this parsmeter, The
relationship between the prevalence and the mean number of Anisakis larvae in
the samples of salmon ¢onsidered here was roughly linear. For example, the
correlation coefficlent of a regression of prevalence on the incidence of larvae
among 1980 Age II selmon ceught in Cansdisn waters during 1969, 1970 and 1971
{Fig. 2) was .B9. The coefficient of variation (r2 = .80) suggests that about
B80% of the variation in the prevelence of the larvse can be explained in terms
of the mean number of larvae in the samples, Apparently, sbout 20% of the variation
was attributable to varisbles not considered in the analysis (for exapmple,
possible geographic or annual variations in the immunity of the salmon to
infection by the larvae). Because of the above-mentioned relationship, and the
facility with which standard statistical procedures could be applied to normal
distributions more emphasis was placed on the mean number of larvae in the

various samples than on their prevalence,

Abundsnce and host's sex

Abundance of Anisakis larvae was exsmined in 4L9 male and 1018 femsle
salmon (total = 146T) from seven North American sampling statiocns from 1970 to
1971. In each cese, regardless of the number of winters the salmon hed spent

at sea, there was no significant difference in the mean number of larvae per
host (Teble S). This finding justified combinetion of deta from male and female
fish in &1l subsequent statistical analyses.
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Abundance and host's age
The mean number of Anizsakis larvae in salmon appeared to be related to
the length of time the salmon spent at sea. However, this relationship was not

consistent from eampling station to sampling station in the same year or from
year to year at the same sampling station. For exemple: the mean number of
larvae vas similar in salmon of different sges collected at station 4 during
1969 but wes different in ealmon of different ages collected at stations 5, 6,
9 and 10 {Table 6, Treatments A, D, G, I and L). In 1970, the mean number of
larvee in salmon of different ages waa similar at stations 8 and 9 but
significantly different at stations 4 and 5 (Treatments H, J, B and E). In
1971, it was aimilar at stations 4 snd 9 but Aifferent at station § {Treatments
¢, K and F). There did not appear to be any particular pattern to these
similarities and differences. Apparently, the factor or factors which contribute
t0 the observed differences in the incidence of Anisakis larvae are not uniform
throughout the various stocks of North American Atlantic salmon,

If Anisakis sp. lervee remain in the salmon for several years, one
would expect an increase in the mean number of larvae with increasing age of
its host. This vas observed in salmon which left the river in 1968 and 1969,
Thus, the mean number of larvae in Age I North American salmon caught in 1969
vas 9.6 (transformed mean); in Age II salmon caught in 1970, 14.1; and in
Age IIT salmon caught in 1971, 17.T per host, Similarly, the mean in Age I
galmon caught in 1970 (10.8) was lower than that in Age II salmon caught in
1971 (16.2). Analyses of variance and multiple range tesis on these means
suggested statistically significant differences with age in the mean number of
larvae per host. However, for reasona which will be clarified in the following
section, application of such statistical procedures to these samples is of
doubtful validity and we mey only conclude that the available data tend to
support the suggestion that the larvae accumlate in salmon,

A more accurate test of the above-mentioned hypothesis involves
dealing only with fish of known history, For this analysis, tagged selmon were
used. The transformed meen number of larvae in 71 salmon tagged as Juveniles
ip the Miramichi River and cesught as Age 1 salmon et Greenland in 1970 was 13.6.
This value was significantly lower (P < .01) than the mean observed in 194
Age II salmon from the Miramichi area (station B8) the following year (16.6)
(Table 6, Treatment M). Similar results were not observed in any of the other
three tegging experiments (Treatmenta N, O and P). Thus, not all the data
agree with the suggestion that Anisakis larvae accumulate in salmon. One way
of interpreting these results 1s that there is an accumulation of larvae in all
cases but, because of sampling errors and high atandard errors, this accumulation
is only sometimes detected. The presence of a statistically significant increase
in one of four experiments suggests that this is in fact the case.

Geographic variations in sbundance

For detsiled apalysis of geographic variations in the meen number of
Anisakis larvae per fish, the data were stratified according to the number of
winters the salmon had spent at sea (Table 7). Major areas (North America,
United Kingdom, Greenland and the Labrad.r Sea) were dealt with separately.
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{a} North America

Age I:- In 1969 the mean numbers of larvae in salmon from stations 5
and 10 were similar to one another but both were different from the means at
gtation 4 (Table T, Treatment A), In contrast, the following year (1970) the
means at all three stations (4, 5, 8) were similar (Treatment B).

Age II:- In 1969 the mean number of larvee in saimon from North
American sampling stations (L-11) was similar (Tsble 7, Treatment C). However,
with 1970 and 1971 samples, considerable variastions were cbaserved (Treatments D
and E). Multiple range tests on the means suggested that, in both years, they
fell into three overlapping groups; there wes no conaistency in these groupings
(compare range test results of Treatments D and E). A comparison of the
differences in results for 1969, 1970 and 1971 suggests thet variations in mean
numbers of larvae per fish at the stations are randem. However, insofar a3
many of the differences were stetistlcally significant, they appear to be of
some biological importance.

Age ITI:- There were no significant differences between the mean number
of larvee per fish among semples in either of the years 1969, 1970 and 1971
(Treatments F, G and H). In this respect, Age III salmon differed from Age I
and II sslmon in that, in eny given year, they seemed to be homogeneous with
respect to the sbundance of Anisekis larvae present,

(b) United Kingdom
Age II:- The mean numbers of Anisekis larvee per fish at statioms 13

and 14 were similar but were significantly lower than the mean at station 12
{Teble T, Treatment I).

{c) Greenland

From a purely statistical point of view, the observed heterogenelty
among samples precludes grouping of the data from many stations for purposes
of comparison between widely separated geographic localities. The reason for
this is that the mean number of larvae per host calculated from e combination
of data from the various samples would depend upon the number of hosts exsmined
from each of the sampling stations. For example, if many salmon were examined
from an ares which had high levels of infection and & few from an area with
low levels, the cobserved mean in combined samples might be higher than the
true mean for fhe combined populations. This problem becomes particularly acute
vhen very fevw sampling stations are considered for comparison.

Bearing in mind the contents of the foregoing parsgraph and the
limitations on interpretation of results from anslyses involving heterogenecus
samples, analyses were performed to compare the mean number of Anisskis larvae
in salmon from North America asnd the United Kingdom in 1970, with the mean
number of larvae in salmon at Greenlaud the previous fall (1969). These analyses
{Treatment J) suggested that the meen number of lervae in North American salmon
{14.1) was lower than that in Europesn salmon (20.2) and that the mean in salmon
csught at Greenland was intermediat: (16.1) between the two, This finding
conforms with the view that salmon in Greenland originate in North American and

Burcpean rivers. However, because uf the high degree of local variations in
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abundsnce of the larvae it is not practical to use these data to estimate the
proportion of North American salmon in the semples from Greenland.

{d) Labrador Sea

The mean number of larvae per Age 1 salmon in the Labrador Sea
(station 2) in September of 1971 (N = 39, X = 12.6, Table 3) was exactly the
same ap that for a sample taken off Greenland at sbout the same time (N = 249,
X = 12,6, Table 3} (Table 7, Treatment K). In contrast, the mesn number of
larvae per Age I salwon caught in Greenland in the fall of 1969 (16.1, Table 3}
was higher than that of Age II salmon caught in the Labrador Sea in the spring
of 1970 (10.6, Table 3) (Teble 7, Treatment L). Thia chservation vas not
repested the following year when the mean in salmon in Greenland in 1970 (17.3,
Table 3) was pot significently higher than that observed in salmon in the
Labredor Sea the following spring (15.3, Table 3) (Table T, Treatment M).
One is inclined to favour interpretations that (1) the stock composition of
salmon caught in the Labrador Ses in the fall is similar to that of salmon
caught off Greenland the same fall, and (2) the stock composition of salmon
caught in the Labrador Sea in the spring mey or may not conform with that off
West Greenland the previous fall. However, the relationship between the
sbundance of Anisakis in salmon off Greenland snd its abundance in salmon
in the Labrador Sea appears to be variable (compare Treatments L and M, Table T}
and definite interpretations based on the abundance of Anlsakis sp. concerning
the possible stock compositions are therefore not advisable,

Annual variations in abundance
If one mssumes that the stock composition of Age I salmon off West
Greenland is representative of all salmon of that age in the Atlantic region,

a ressonable cbservation on mnnual variasbility of the sbundance of Anisskis
larvee is feasible, Analysis of veriance on the meen number of larvae per
sgimon taken in Greenland during 1968-71 indiceted there were significant
differences (P < .01) between years, Subseguently, a multiple rapge test
revealed that the abundance of larvae was fairly consistent in samples taken
1n 1968-69-70 end that 1t decressed in 1971 (Teble B, Treatment A).

In North America, Age III salmon were selected for comparison because
in each year sampled these salmon appeared tc represent e homogeneous group
with respect to the ebundance of laival Anipakis, Analysis of varlance
suggested there were significant differences (P < .01} between the samples
taken in 1969, 1970 and 1971. A multiple range teat further indicated that the
salmon taken in 1969 and 1971 had similar numbers of larvae but the samples
teken in 1970 had lower mean numbers of Anisakis larvae present (Table 8§,
Treatment B}.

Similar studies were carrled out on Ages I and II salmon and, again,
different results were obtained (Teble 8, Treatments C and D), Thus, among
the Age I salmon, those collected in 1969 and 1970 had similar numbers of
larvee while those collected in 1971 hed more larvee than in the previous two
years. Among the Age II salmon, the mean rnumber of larvae per salmon was
different in each of the years sempled. The results of anslyses on Age I and II
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fish are presented here as a matter of interest only. Definite trends cannot
be gained from these mnalyses because of heterogeneity emong the Age I and II
samples (see section on geographical variations).

Seescnal varlations ln abundance

The age composition of the selmon collected at station 5 during the
fishing season from June 12 to July 2T varied with time (Table 9}. During
the period June 12-18, Age I salmon made up only 30.3% of the sample while
Age II salmon constituted 63.6%, By the July 10-17 period, the ratio had
reversed 8o that Age I salmon made up TT.5% of the sample snd Age 1I, 22,5%,
In addition to these changes, the sbundance of Anisekia larvae dropped from
sbout 6 per host (aritimetic mean) during the period Jume 12-18 to about
2 per host during July 18-25. Bvaluation of the changes in the abundance of
larvae and the possible relationahip of these changes to changes in host age
composition of the samples required stratification of the samples according

to the age of the hosts.

Age I:- Analysis of variance indicated (P » .05} that the sbundance
of Anisakis larvae did not vary significantly among salmon ¢ollected during
each of five sampling periods from June 12 to July 25 (Table 9}. Also, &
least squares regression line of the mean number of larvaee on the time of
collection ylelded s correlation coefficient (r = .08) which was not
significantly different from zero (P > ,05).

Age II:- Analysis of variance yielded results similar to those
cbteined for Age I salmon. Also, the correlation ccefficient of a least
squares regression line was correspondingly low {r = .09).

Age III:- Analysis of variance indiceted (P > ,05) that the abundance
of Anisskis larvae did not vary significantly among the three samples collected
from June 12 to July 2. However, the correlation coefficient (r = -.61} of &
least sgquares regression analysis was jJuat significant at the 5% level of
pignificance. The latter suggests that the mean mumber of larvee per Age III
salmon decressed es the salmon fishing season progressed, It is likely that
these apparently conflicting resulte of the two sbove analyses are related to
the small sample sizes and the high standerd errors in the sample distributions.

General:- If the abundance of larveme in any given age class of salmon
at Bonaviste is not related te the time in which the salmon were taken, then
the observed decrease in abundance of larvae in Age I, II and III salmon
comblined must be attributable to a combination of the differences in the
sbundance of the larvae in the different ege classes and the different age
compositions of the various samples taken during the season.

Abundance of Anisekis sp. and Eubothrium erassum

The most obvious internal parasite in Atlantic salmon in North American
waters 1s the large pseudophylidemn cestode Eubothrium crassum, This cestode

is usually found in the pyloric caecae and the pyloric region of the intestine,
The mean volume of this cestode was 39 ml in 47 infected salmon and the
greatest volume observed in a single salmon was 240 ml. In such cases, the
pyloric caecae and intestine were noticeably distended by the cestode. The
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posaibility that abundance of Anisakis larvae might be releted to the prevalence
of E. crassus in the salmon was investigated {Teble 10).

The mean number of Anisakis larvae per salmon was significantly higher
in salmon without E, craessum than in salmon with E. crassum in the two ssmples
from the Saint John area of the Bay of Fundy (Table 10, Treatments K and L),

In the remaining ten samples from North Americs there were no statistically
significant differences in abundance of the larvae (Treatments A-J), However,
despite the results of these tests, the observed mean mumber of larvae per
salmon without E. crassum was higher than the mean per salmom with B. crassum
in 9 of the remaining 10 FNorth American samples. The consistency of &
relatively high mean number of larvae in salmon without E. crassum and the
resulte of Treatments K mnd L, in Table 10, suggests & relationship between the
oumber of Anisakis larvae and the presence or ebsence of E. crassum,

Among samples of possibly mixed North Americen and European salmon
(atations 1 and 2) the mean number of larvaa per salmon without E. crassum
wes consistently significantly higher (P < .05) than the mean number in salmon
with E, crassum (Teble 10, Treatments M, N, 0),

It is of interest to note that only 6 of 193 (3.1%) Age II salmen
from the U.K. were infected with E. crassum (Pippy, 1972) while 491 of 1339
{36.7%) Age II salmon from North American waters had the cestode (from Table 10}).
If salmon from the U.K. have a greater abundance of Anisakis larvae than do
salmon from North America (a8 suggested in the section on "Geographic
variations in sbundance"), then this difference may be, to some extent,
related to differences In the prevalence of E, crassum in the two stocks,

DISCUSSION

Lear and May (1972) studied a marked decrease from north to south in
the average river ages of Atlantic salmon from rivere of Newfoundland and
Labrador. They econclujed that the salmon fishery off Labrador (station 3)
and the northeast coast of Newfoundland wes based on selmon originating from
rivers in these areas. They supported thelr conclusions with the results of
tagging experiments by Blair (1957a, 195Tb). The euthors also noted that the
fisherles south of Cape Freels on Newfoundland's east coast (stations 5 and 6)
were likely a mixture of salmon originating in rivers in both Newfoundland and
the Maritime Provinces. This conclusion was supported by the results of tagging
experiments by Blair (1956). The river ages of salmon taken at Port asux Basques
(station 7) suggeated a mixture of Newfoundland and Maritime fish and this
suggestion was supported by tagging studies they carried out in 1969 and by the
results of & similar tagging program by Belding and Préfontaine (1938a).

Belding and Préfontaine (1939} tagged selmon in the Miramichi drift net
fishing area (station 8) and concluded that galmon caught there were destined for
the Miramichi River in New Brunswick and several river systems in Chaleur Bay.
Other tagging experimsnts by Belding and Préfontaine (1938h) indicated that
salmon tagged at varlous marine locations along the north shore of the Gulf of
8t. Lavwrence were destined for a variety of different areas 1ln the Gulf.

cs



-8 -

The high degree of mixing of different stocks of Atlantic salmon in the
sea, as outlined mbove, repreaents cne of the major obetacles in using the
abundance of Anisakis larvae as a blological indicator in Atlantic salmon,

The available data indicate that there are significant differences in the abundance
of larvae in salmon originating in different river systems. These differences
appear to bas such that salmon returning to sdjacent river systems may harbour
similar, but not identicel mean numbers of larves. In this cese no statistical
difference would be expected between the means for adjacent populations.

Howevar, in widely separated populations, the means may {or may not) be
aignificantly different. It is this geographical cline in the abundance of
Anisakis larvae which presents the greatest difficulty in analysing the data

with the intent of determining ths stock compositions of given ssmples,

Woen thia study was initiated it was hoped that the sbundance of
Anisakis larvas in salmon from both sides of the Atlantic would fall into discrete
"blocks" and that thease could be trested statistically to determine the percentage
of North American and Buropean salmon at Greenland. Most =elmon which fraquented
Greenland in the fall return as Age II salmon the following year. Therefore,
*his age class may now be considered separately. In 1969 all samples of Age II
forth Americen selmon appearsd to bave o similar mean mmber of larvee present
‘mghle T, Treatment C), Alsoc the highest mean mmber of larvae per saxmple in
1969, 15.0 (Tsble 3, station 9), was lower than the mean number of larvae in
Greenland the previocus fall (17.0}. This suggested that (1) the mean number of
larvae per salmon might be higher in European galmon than in those from North
America, and (2) this difference in abundance might be used to determine
continental stock proportions in Greenland. When the study was repeated in
1970 (Table T, Treatments D and I), it wes spparent that variations in the
abundance of the larvas might be such that the mean cslculated for conbined
samples from each area would be blased by the mumber of salmon collected from
each sampling station. The atudy wes therefore repeated in 1971 to sssess the
velidity of the apparent variations in the 1970 data. Only specimans from
North American waters were studied (Table 7, Treatment E). Aualysis of the
1971 data strengthened earlier indications that there were significant variations
in the sbundance of larvae at different sampling stations. Furthermore, these
variations appeared to be random end differed from year %o yesr. Thus, it wvas
not considered feasible to combine data collected from the various North
American and Furcpean sampling stations. This precludes the possibility of
using the abundance of Anisakis larvae to determine the proportion of North
American end European salmon at Greenland.
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Table &. Prevalence of infection with Anisekis 8p. in five age groups of Atlantic
salmon from fourteen different sampling stations in the north Atlantic (1968-71).
Prevalence in percent; Number examined in brackets; N.A. = North American;

Eur. = Buropesan.

Sampling station Year Sea-winters
1 2 3 L 5
Greenland
1 {random) 1968 92,90{155) 100.00{(10) - -
1 N.A., Tagged 1968 100,00(8) 100.00(6) 100,00({2} -
Canada (Total) 1969  75.40(126) 86.81(531) 96.05(152) 100.00(11)} 2100.00(2)
3 1969 100.00(5) 75.00(8) - - -
N 1969  9h,73(19) 85.71{28) 100.00(2) 100.00(1) -
5 1969 82.50(L40) 83.61(61) 95.65(23) 100.00(1) -
6 1969  B1.82(11) 88.89(712) 93.75(16) - -
7 1969 0 {1} 85,91{T1) $2.31(13) 100.00(1) -
] 1969 - 89.47(95)  100.00(11) - -
9 1969 - 95.71(70) 95.76{81) 100,00{6) 100.00{2)
10 1969  61,22(49) 78.95(57)  100.00{6) 100.00{1) -
11 1969 0 (1) 84,06(69) - 100.00(1) -
Greenland
1 {random) 1969  91.22{205) 100.00(15) - - -
1 N.A. Tegged 1969 90,4B(147) 100.00(5) - 100.00(1) -
1 Eur. Tagged 1969 90,00(20) 100.00(L) - - -
2 (spring) 1970 - 69.57(23) 50.00(2) -
Canada (Total) 1970 83.70(135) 91.66(803) 91.07(112) 100.00(9) -
3 1970 75.00(8) 91.67(72) 100.00(2) - -
4 1970  73.81(42) 91.80{61) - - -
5 1970  86,36(L4k) 95.65(16) 85.71(T) - -
7 1970 - 87.35(87) 100,00(3) - -
8 1970  91.43(35) 91.60(238) 84,21(19) 100.00(1) -
9 1970 - 9. 86(175) 9%.37(T1) 100.00(5) -
11 1970 100,00(6) 88.71(124) B0.00(10) 100.00(3) -
United Kingdom 1970 100.00{6) 95.86(193) B82.35(17) 100.00{(1) -
12 1970  100.00(%) 97.20(107) = - - -
13 1970 100.00{2) 92,68(L1) 81.82(11) 100.00(1) -
1k 1970 - 95.56(Lk5)  83.33(6) - -
Greenland
1 {random) 1970 96.30(162) 100.00(9) 100.00{1) 100.00{1) -
1 K.A. Tagged 1970 95.68{139) 100.00{12) - - -
1 Pur. Tagged 1970 96.30{54) 100.00{1) 100.00(1) - -
England 1970 95.83{2Lk) 100.00{1) - - -
Scotland 1970 9. LkL{18) - 100,00(1) - -
France 1970 100.00(L) - - - -
Norway 1970 100.00(k) - - - -
Ireland 1970 100.00(2) - - - -
Sweden 1970 100.00{1) - - - -
2 {Spring) 1971 100.00(5) 9k,67{75) 100,00(5) - -
Canada {Total) 1971 95.12(41) 95.90(658)  96.39(19%) 100.00(19) 100,00(9)
3 1971 100.00(L4) 100.00(4) - - -
i 1971 96.15{26) B9.61(77) 100.00(2) - _
5 1971 100.00(11) 96.24(133) 100.00(26) - _
8 1971 - 96.39(194) 100.00(5) 100.00(1) -
9 1971 - 98.0k(204) 95.65{161) 100,00(18) 100.00(9)
11 1971 - 93.48{146) - - -
2 (Fall) 1971 89.74(39} 100,00(2) 100,00{1) - -
1 {ATC 190) 1971 85.94(2k9) 100.00(2) - - -
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Table 5. Resulta of Student's t testa on the mean number of Anisakis larvae
* indicates

in male and female Atlantic salmon in ten different samples.

mean of original data.

Year Sampling Host Sex . { x* x s t P
station age
1970 3 iI M 25 L.,12 1k.64 6.10 .28 T<P< .8
F bkt  h,02 14,18 6,70
4 I M 2k 2,33 9.74  T.10 .25 8<P<.9
F 18 2.22 9,16 T.28
5 I M 20 5.45 16.T1 6.93 .50 5<P<,b
F 26 4,81 15.11 6.3
7 11 M 23 3.78 13,22 T.10 -.21 8 <P < .9
F 63 k.05 13.61 T.T7
8 Ir M b ho3z 13.92 6.98 -.3k T<P<.8
F 198 4.1l 14,31 6.4
9 II M 81 L,70 15.70 6.38 Lo 6 <P < .,T
F 91  k,50 15.32 5.94
11 11 M 17T 2.65 10.64 T.11 -.78 b <P < .5
F 108 2,97 11.94 6,16
1971 5 II M 3% b7 15.97T 5.75 .20 8 <P < .9
F 99 5,33 16.23 6.59
8 II M 24 6,04 17.MO0 T.36 .66 5<P < .6
F 168 5,20 16,50 6,09
9 II M 137 5.64 17.53 5.32 1i.87 .05 <P < .1
F 67 5.09 15.89 6.86
III M 24 B,42 19,87 T.81 1.8 .05<P< .l
F 137 6.20 16.8Bh T.ks
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Table 6, Results of analyses of variance and multiple range tests on variations
of the mean number of Anisskis sp. larvae in salmeon vwhich have spent different
numbers of years at sea.

F = ratio of mean square of sample means to mean square of individuals, #* = P < 01
a = salmon tagged in the Miramichi River and caught in Greenland
b= " " " " Horth Esk River " " " "
c = " " L n Axe River L1] " n H
Bracketed figures represent number of fish in sample,
Treatment Year Sampling Ages Fdf P Multiple range test
staticn (for different ages)
A 1969 b I,1I L.75 us -
*8 -
B 1970 L I, 11 11'291,101
c 1971 h 1,11 1.01;1'101 -
D 1969 5 LILIIL 1111, 5, " I II 111
E 1970 5 I,II 13.181’58 - -
* -
F 1971 5 I1,III 8'371.157 b
G 1969 6 11,111 10.03, g ol -
H 1970 8 I,IT,IIT 1'232,289 -
I 1969 9 II,ITI 12'971,1h9 b -
J 1970 9 II,IIT -991,21“' -
K 1971 9 I1,III,IV '812,380 -
L 1969 10 I,II 1h.6h1’loh e -
1970 18 I (T1) .
M 1971 8 1T (sk) 18561701 '
- 1969 1* I (93) 85 -
1970 8 II (238} *v41,329
0 1969 1° 1 (5) 86 )
1970 12 II  (108) M1,
1969 1° 1 (9)
F 1970 1k Ir () 2Pim -

D2
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Table 7. Resulta of snalyses of variance and multiple range tests on varistions
of the mean pumber of Anisakis sp. lervee in salmon of different ages gt different
sampling stations during different years.

F = ratio of mean square of sample means to mean square of individuals, #* = P < 01

Treatment  Year Sempling Age F‘1 £ P Multiple range test
stations {for different stations)
A 1969 h,5,10 I 12.18, 105 " 10 5 L
B 1970 4,5,8 I 2.12, 118 -
c 1969 b-11 II 3..99T 515 -
D 1970 3-5,7-9,11  II 4,685 20 M 11 7 8 4 3 9 5
E 1971 4,5,8,9,11 11 h.oau’shg e b 11 5 8 9
i
F 1969 5,6,9 I1I 1.5h2 117 : -
G 1970 8,9 III '531,88 " -
H 1971 5,9 II1 3. 311‘ 185 { -
I 1970 121l II 22.602’190 e 13 1k 12
1969 Ea; 1 1 } "
J 1970 b)3-5,7-9,11 II 50. Ll b a e
1970 (o) 12-1% 1 2,1198
1371 1 (Sept) I
K 1971 2 (Sept) I 0 4,286 -
1969 1 I '
L 1970 2 II } 8.07T) 06 ** -
1970 1 I
M 1971 2 I } 3-42) s -
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Fig. 1. Distribution of sampling stations for Atlantic salmon in the North
Atlantie. See Table 1 for details on locations and numbers of fish examined
from esch station.
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Fig. 2. Relationship of the prevalence of infection (¥ hosts infected) to
the mean number of Anisakis larvee per salmon,
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