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INTRODUCTION 

Variations in the incidence and intensity of infection of marine 

fishes with larvae of the nematode Anisakis sp. have been observed by several 

authors (Bishop and Margolis, 1955; Templeman, Squires and Fleming, 1957; 

Khalil, 1969; Parsons and Hodder, 1971; Young, 1972, and Davey, 1972). 

These variations may be used to obtain information on the homogeneity or 

heterogeneity of fish stocks from different areas or among different age 

classes of fish from the same areas. In 1~he past, no attempt has been made 
• 

to define the degree of homogeneity among the Anisakis larvae themselves. 

Thus, in 1969 a detailed study of the morphology and morphometric variations 

among Anisakis larvae in salmon was initiated. Preliminary studies on these 

larvae indicated significant variations existed and in 1970 the work was 

extended to include larvae from Atlantic herring. This report presents a 

summary of the results obtained to date. 

MATERIALS AND METHODS 

All specimens came from the body cavity or the walls of visceral 

organs of the host. 

Larvae to be used in general anatomical studies were removed from 

fresh hosts, heat relaxed and studied immediately, or were fixed in hot 

glycerine alcohol and cleared in pure glY,cerine before examination. Larvae 

to be used for histological studies were fixed in Alcoholic Bouin's solution 

for 48 hours and then passed through four 24 hour changes of 70% ethanol 

before processing. Specimens were cut in half, dehydrated in ethanol, cleared 

in chloroform, and mounted in "Faraplast" (Fisher Scientific Cat. No. 

12-646-105). Treatment wi th "Molliflex" (BDH) for 24 hours before sectioning 
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each 1.5 mm portion was used to sotten the cuticle. Sections were cut 10 ~ 

thick and stained with Ehrlich's bematoxylon and eosin. Specimens to be used 

for general morphometric studies came trom previously frozen hosts. After 

thawing they were placed in a drop of tap water on a microscope slide and 

photographed at magnifications suitable for future measurements (low 

magnification for whole worma and higher magnifications for head and tail 

portions). Strips of labeled negative. were later projected onto a screen 

and measurement made from the projected images. 

When only the total lengths of the larvae were to be recorded. 

freshly thawed larvae were placed on a glass slide and a mid-line drawing 

made with the aid of a camera lucida attached to a dissecting microscope. 

Total lengths of the larvae were obtained from these drawings. 

Autofluorescence was studied with a fluorescence microscope with an 

Osram HBO-200 high pressure mercury lamp. Ultraviolet light vas transmitted 

to specimens through Schott exciter filters BG3 and BG38. Specimens were 

viewed and photographed with bright field illumination through Carl Zeiss 

barrier filters 44 and 50. 

RESULTS 

Description of Anisakis sp. larvae 

General morphology 

Specimens were from 12.5 to 35.1 mm long and from 0.32 to 0.11 mm 

in diameter at the middle of the body. The anterior quarter of the body 

narrowed gradually while the posterior end tapered abruptly near the anus 

(Fig. LA). The tail was from 0.100 to 0.319 mm long~ was usually rounded 

but sometimes conical, and ended with a retractable tail spine about 

0.029 mm long (Fig. IB). 

The cuticle was from 0.0096 to 0.0154 mm thick. Striations were 

present near the anterior and posterior ends of most specimens (Fig. 1B and 

le) and were present along the entire body of some specimens. 

The mouth was triangular, the dorsal lip trilobed, and the 

ventrolateral lips bilobed. A single ind1ptinct papilla occupied each of 

the ventrolateral lips; these papillae could not be observed on m8QY specimens. 

The anteroventrally projecting boring tooth was located ventral to the 

mouth and anterior to the groove between the ventrolateral lips (F~g. lD). It 

was controlled by three pairs of muscles (Fig. le); one pair had its origins 

near the antero-ventra! extremity of the esopbagus and their insertions on 

each side of the dorsal surface of the tooth; the second pair had its origins 

in the bo~ wall dorsal to the mouth and the insertions near the tip of the tooth; 

and the third pair had its origins on the inner edges of the ventrolateral lips 

and its insertions on the ventral edge of the tooth. 
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The esophagus, 1.24 to 5.59 mIn in length was slightly narro .... er at 

its anterior end than at its posterior end. Very fine transverse striations 

were visible at the extreme anterior end of the esophagus and the area 

immediately behind this was granular in appearance (Pig. Ie). The brush 

border lining the esophagus was visible in most specimens (Fig. Ie). The 

ratio of the length of the esophagus to body length varied from 1:12.82 to 

1:3.29 (from Table 1) and its length Was related to total body length (Table 2. 

Treatment lO). The dorsal esophageal gland extended to Just anterior to the 

nerve ring and its posterior end was near the posterior extremity of the 

esophagus. The two ventrolateral glands were small and located near the 

posterior eud of the esophagus (Fig. lA). 

'l'he ventriculus was from 0.46 to L88 m:m long and from 0.078 to 

0.360 mm in diameter at its midpoint. Changes in the length and diameter 

of the ventriculus of live specimens (Table 3) appeared to be related to the 

dorsoventral flexures of the body. Its Juncture vith the esophagus was 

perpendicular to its long axis 

an angle of about 69° (Range: 

whereas it usually joined the intestine at 

48°_89°), The ventral side of the ventriculUS 

was slightly longer than the dorsal side. 'rhe vall of the ventriculus did 

not always have a uniform thickness (Fig. lA); the lumen was generally 

irregular in cross-section. The intestine opened into a short intestino-rectal 

valve lined internally by a thick. layer of cuticular material and externally 

by four epithelial cells. There were three rectal glands: two dorsal and 

one ventral (Fig. IB). 

The nerve ring was 0.120 to 0.499 mm from the anterior extremity. 

Lateral cervical papillae (Fig. lA) vere located about 0.14 mm behind the 

nerve ring. 

'rile excretory pore was si tuated ventrally between the tva 

ventrolateral lips. The single excretory duct extended from the excretory 

pore to the excretory cell (Fig. lA). The main body 01' the excretory cell 

extended posteriad from just anterior to the ventriculus to 6.76 to 8.40 rom 

from the anterior end of the body. Except at the extremities, where its 

cross-section Was rounded. the excretory cell was elongate in cross-section 

and lay ... i th its concave proximal side against the alimentary canal and its 

convex distal side against the somatic musculature. A single duct passed 

througn the anterior half of the cell (l"~g. lA and 1£). bifurcated. and 

cuntinued to the posterior extremity Qf the cell as two smaller ducts (Fig. 

lA and IE). Numerous fine tubules extended from the main ducts throughout 

the length of the cell. 'rhese branched many times and permeated most areas 

of the ceU (Fig. U::). A single large excretory sinus filled ,.ith an 

acidophilic substance was located in the excretory cell from the vicinity of 

the posterior end of the Ventriculus to the vicinity of the bifurcation of 

the excretury duct (Fig. U::). 'l'he antericr end of this reservoir had four 

or five vpeninga into the jJ~;eudocoel; the two most anterior openings were 

the largest. 'l'he nucleus va::; near the posterior end of the reservoir and 

the cell tapered rapidly behind this. 

F4 



- 4 -

The dorsal and ventral hypodermal cells were much larger than the 

inconspicuous central cells. They were paired so that the transverse cell 

boundaries of the ventral cells were close to those of the dorsal cells and 

the number of ventral cells present was the same as the number of dorsal 

cells (Fig, lA). Each side of each of two larvae examined had twelve pairs 

of large hypodermal cells posterior to the ventriculus (accurate counts were 

not possible anterior to the intestino-ventricular junction). These cells 

ranged in length from 0.065 to 3.68 mm and had a mean length of 1.10 mm 

(Table 3). 

The genital primordrium vas not seen in any whole mounts but was 

visible in sectioned material. It could be distinguished as a group of cells 

lying in the pseudocoel about 1 to 2 mm posterior to the ventriculus and 

surrounded by the alimentary canal, hypodennal cells. the somatic musculature 

and the excretory cell. 

Almost all tissues. except the cuticle, fluoresced bluish-white when 

illuminated with ultraviolet ligbt. Bright fluorescence was observed only in 

previously frozen or fixed (io formalin or ethanol) specimens. Live specimens 

emitted a very pale fluorescence. The fluorescence of the striated and 

granular portion of anterior extremity of the esophagus (Fig. 1e) varied 

from pale bluish-white to bright bluish-white or bright orange. 

Morphometric variations 

The mean coefficient of variation of the various measurements made 

on the larvae was 11.27%. Tbe coefficients varied from 11.41% for the diameter 

of the larvae to 25.36% for the width of the ventriculus (Table 4). The 

highest variation noted for combined dimensions was 38.46% for the product 

of the length and width of the ventriculus. The coefficient of variation 

for the width of the ventriculus (25.36%) was greater than that of the length 

of the ventriculus (18.63%) among over 200 specimens from herring and salmon. 

A similar difference was not apparent &mOng individual living larvae measured 

at different times (Table 5). A comparison of the coefficients of variation 

for the length and width of the ventriculus in Table 3 with those in Table 5 

suggests that there Is considerably lese variation in the size of the ventriculus 

within the same larvae than among difrerent larvae. 

Differences in the dimensions of different parts of the body with 

increasing length of the larvae were studied. Regression lines of various 

dimensions on total lengths of the larvae were calculated (Table 2) and the 

correlation and regression coefficients of all variables were found to be low 

but statistically significant (Table 2, Treatments 3. 6. 9. 12, 15 and 18). 

Thus, longer Anisakis larvae tended to have a greater diameter, greater 

distance between the anterior end and the nerve ring. larger ventriculus. 

and a longer esophagus and tail. Since the sizes of the various parts of the 

larvae were related to some extent to the length of tbe larvae. the length of 

the larvae was chosen to study variations with host sex and age. However, 

because preliminary analyses of the data suggested a somewhat more complex 

relationship in morphometry between larvae from different host species, 

variations with host species were dealt with in some detail. Special 
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attention was given to the relationship of the morphometry of the larvae to 

the species of host in which they were found. 

Variations with host sex 

The mean lengths of larvae from male and female 2-sea-winter salmon 

were similar for 378 larvae from Canada (.1 < P < .2) and 231 from the United 

Kingdom (.1 < P < .8) (Table 6). This Justified combination of data on 

larvae from male and female salmon. It was assumed 8. similar pattern existed 

for larvae from herring. 

Variations with host species 

The length of the larvae from herring (23.5 mm) waS significantly 

greater (p < .01) than the length of those from salmon (22.3) (Table 1), 

Similarly the body diameter, length. and ~idth of the ventriculUs were also 

greater in larvae from herring. The distance or the nerve ring from the 

anterior end, the length of the esophagus and the length of the tail were 

similar in larvae from both host species. 

Coefficients of variation for the diBtance from the anterior end 

to the nerve ring, length of the esophagus, ventriculus and tail, and the 

width of the tail were all greater among larvae from salmon than among those 

from herring. However, the variation in the length and diameter of larvae from 

salmon was less than that in those from herring (Table 4). Larvae from salmon 

a.ppeared to be of a more wliform size but hhve less uniform body proportions 

than did larvae from herring. 

'fhe combined length of the esophagus and ventriculus was greater in 

ltirvae from herring than in those from salmon (Table 1). If one assumes the 

ventriculus to be roughly cylindrical, the larger product of the length and 

width of the ventriculus in larvae from herring indicated the overall volume 

at' the ventriculus was slightly greater in larvae from herring. The ratio 

of the product of the length and width of the ventriCUlus to the total length 

of the larvae was also greater among specimens from herring. Similarly, the 

ratio of the length of the ventriculus to the length of the esophagus was 

different for the two groups of larvae. However, the ratio of the sum of the 

length of the esophagus and the length of the ventriculus to the total body 

length was the same in larvae from both hosts. 

Regression lines of the various dimensions on total lengths were 

calculated for larvae from both herring and salmon (Table 2). The correlation 

coefficients of the regressions of the diameter, anterior end to nerve ringt 

length of the esophagus, length of the ventriculus, width of the ventriculus 

and length of the tail on the total body length of larvae from herring (.49, 

.22, .55, .57, .30, and .34 respectively) were all low. However, they were 

significantly different than zero (Table 2~ Treatments 3, 6, 9, 12, 15, and 11). 

Similarly the regression coefficients for these treatments were significantly 

different from zero (P < .05). In contrast, only half the correlation 

coefficients and regression coefficients of similar treatments for larvae 

from salmon (Treatments 2, 5, 6, II, 14, and 11) were significantly different 

from zero (diameter (r = .21), length of tile esophagus (r = .26) and length 

of the ventriculus (r = .41»; there vas no apparent relationship between the 
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distance of the nerve ring from the anterior end, the width of the ventriculus, 

and the length of the tail with the total length of the body of larvae from 

salmon (Treatments 5. 14 and 17), 

Combined dimensions 'Were compared. with the total length of the lanse 

(Table 2. Treatments 19-30), The product of the length and width of the 

ventriculus increased with the total length of larvae from herring (Treatment 21) 

but did not increa:;;e among larvae from salmon (Treatment 20). Also, there was 

a tendency for the sum of the length of the esophagus and the ventriculus to 

increase ..,1 th the total length of larvae from both herring (r = .60) and salmon 

(r ::II .35) (Treatments 23-24). 

'rhere vas a positive correlation between the length and width of the 

ventriculus among larvae from herring (Treatment 27) but no correlation among 

those from salmon (Treatment 26). A positive correlation was noted in the 

regression of the length of the esophagus and the length of the ventriculus 

in both herring (r = .70~ p < .01) and salmon (r = .52, P < .01). 

Tests for homogeneity of variance (Snedecor, 1956) for the various 

dimensions and body proportions of larvae from salmon and herring (Table 1) 

indicated the samples were drawn from populations with common variances. 

Analyses of covariance (Snedecor, 1956) were performed to examine 

differences between regrt!ss ion lines (with signif"icant correlation coefficients) 

for larvae from herring and sa.lmon ('{'able 2). In these analyses the F-value 

deri ved from the ratio of mean square for regression coefficients to mean 

square within samples gave a measure of the variation in regression coefficients, 

1. e. whether or not the regressions were pa.rallel. The F-value derived from 

the ratio of mean square for adjusted mean to mean square for common regression 

measured the variation in intercepts, or vertical separation of the regression 

lines. 

Both the slopes and the elevations of the regression uf the length 

of the ventriculus on the length of the esophagus were different among larvae 

f"rom herring and sa.lmon (Table 2s Treatment e). The slopes of the regressions 

of the diameter on the total lengths of the larvae from salmon and herring 

vere similar but the elevations were different (Treatment a and Fig. 2A). 

Alsos slopes of the tvo regressions of the length of the ventriculus on the 

total length vere similar but the elevations different (Treatment c and Fig. 2B). 

The only measurements made vhich did not indicate any difference vere those of 

the length of the eBophagu~ !lnd the length of the esophagus plus the length 

of the ventriculus (Treatments b and d). Thus s the only structure measured, 

the size of which did not appear to be related to the host species~ was the 

esophagus. Since the larvae from herrine ""ere larger than those from salmon, 

one might have expected a significant difference between the length of the 

esophagus of larvae from the two hosts. The lack of such a difference is 

likely related to the low correlation coefficients involved (r = .55 and .28 

respectively). Similarly. low or insignificant correlat ion coefficients m8\Y 

also be related to the lack. of significart differences between many of the 

means given in Table l. 

Apparently, the tendency of the diameter, the distance from the 

anterior end to the nerve ring, the length and width of the ventriculus and 
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the length of the tail to increase vi th increasing total length of the larvae 

is greater among larvae found in herring ~han among those from salmon (compare 

r for Treatments: 2 and 3, 5 and 6, 8 and 9. 11 Wld 12, 14 and 15. and 17 and 

18 in 'rable 2). 

Geographic variations 

Variations were observed in the dimensions of larvae from the same 

host species from widely separated geographic localities. The length frequency 

distributiun or larvae from herring from Canadian waters vas different from 

that of larvae from European herring (Jo'ig, 3). The mean lengths of both 

groups were also significautly different (p < .01). As might be expected 

from the foregoing results, fr~quency distributions of the length of the 

esophagus. ventriculus. Wld tail were di rl'erent among larvae from the two 

areas. However, there were no obvious differences in the distribution~ of the 

width of the ventriculus and the distance of the nerve ring from the anterior 

~nd (Fig. 3). 

Among larvae from Atlantic salmon of the same sea age (2-sea-winters), 

those of i':uropean origin had a significant.ly higher (p < .01) mean length 

(mean of 231 = 22.29 ± 2.47) than those of North American origin (mean of 

3'(B = :"'1.:!5 ± 2.27; other dimensions were not compared for these larvae; 

Table 6). 

Variatiuu::; were also obtierVed among larvae from herring from 

relatively clotie localities. Antl.lysis of variance on the lengths of 3839 

larvae from herring from six Ctloadian areas indicated there were significant 

differt:IlC<!s amung the samples (P ..... 01 for F :::; 176.96 W'ith 5 and 3833 degrees 

of freedom). Duncan's multiple range test. (Kramer, 1956) on the means 

indicated that the samples from i:Janquereau and Hawke's Bay areas were drawn 

from p(JpulatioIlti .... ith similar means a.nd that all other samples had means 

different from these and di Cferent from each other. The differences in the 

size distributiom; of the samples frum St. Paul's and Canso Bank areas are 

dramatic but differences among t.he other distl'ibutions .... ere less so (Fig. 4). 

'I'hese differences were also appa.rent when the mean lengths of the larvae .... ere 

compared with hosts' ages (F'ig. '»). 

Variations with host age 

'j'he age:.; of !lerriug frum which -our samples were tfJ<.en varied from 

j to greater than 10 years. Significant. differences in the mean leilgths of 

LJ.I'Vde frum different age classes of berrlng .... ere found wlLong larvae from 

herring in the St. Faull s area. However 7_here was no consistent increase 

uI' decrea:.;e in these differences; this indicated that the differences .... ere 

related tv some ffJ.ctor other than age of "'..he host. Also, no trends in the 

mean length of larvae .... i th the age of the hosts were noted among larvae from 

the fiVe areas (Fig. 5). Similar obtierva-:..iuns were made among larvae from 

salmon. The meau length of larvae from 2--sea-winter salmon (20.74 nun) 

was significantly higher (p .01) than tllat of larvae fn)m l-sea-winter 

salmon (21. 13 mm). AlSl) , the mean length of those from 1-sea-winter salmon 

(21. 80 mm) W'8.S higher (p . .01) than the mean length of larvae from 

;..'-sea-.... inter sulmon. Thi~; apparent trend of a higher mean length of larvae 

.. i th 5reater host age uf salmon waS a.pparent W'hen all samples W'ere combined 

but was not obvious in all the individual samples (Table 7). 
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DISCUDSlO~ 

l::Ierland (1961) reported two morphologically distinct forms of 

Anisakis larvae: Anisakis sp. larva (I) and Anisak.is sp. larva (II). Except 

for Ii description of part of the excretory s:rstem~ Berland did not describe 

larva (1) but rather referred to descriptions by Grainger (1959) and Punt 

(1941). The description and drawing of the cephalic structures of the 

Anisakis sp. larvae by Grainger do not conform with the drawings of Berland. 

Grainger describes and illustrates the edge of the lip mass as being "covered 

with large numbers of minute teeth or hairs", These are not shoyn in Berland's 

illustrations. Grainger described "a few scattered rather flat papillae" on 

the lip mass but suggested they may be artifacts resulting from fixation. 

Berland dues not show similar papillae in his figures and it is not clear in 

the text if he observed them in his specimens. Grainger's figure 4 shows a 

prominent boring tooth which appears to project dorsally rather than ventrally 

as is indiL!ated in the text and in his figure 5. Berland's figures of 

Anisakis larva (I) conform with the illustration of the a.nterior extremity 

and the general description of Anisakis larvae given by Punt. However, Punt's 

description of the tail, "Se termine par un bouton terminal typique", implies 

that the tail spine was papilliform rather than pointed. Punt did not 

illustrate the posterior extremity. Presumably the tail spines of Punt's 

specimens were all partially retracted giving the impreSSion of papilliform 

processes. With this general exception, which is of doubtful significance, 

and Punt's single specimen with a forwardly directing intestinal caecum, 

which undoubtedly was not Ani::;akis. Berlaud's illustrations of Anisakis larva 

(I) confurm with PUlit's description of Allisakis sp. Berland's larva (I) ma.y 

therefore be de:.;cribed as oue which fits the general description of Anlsakis 

sp. as given by Punt, has tt pointed tail :;pine, and does not have an intestinal 

caecum. Apparently, this wa~; Berland's i IItentions when he referred to Punt's 

de::;cription. With the tl.bove reservations. the specimens examined in this 

::;t.udy have been identified as Anisakb sp. larva (I) of Berland. 

Bt:!rlaml's larva (1I) was rare, had a lihorter ventriculus, the Junction 

l.let.ween the intestine and Lhe ventriculus wa::: not oblique and the tail, which 

did /lot have a tail spine, was conical instead of rounded. All dimensions, 

includine; that uf the ventriculus, given by Berland for larva (II) were within 

the rallges giveu here for ltt.rvu (I). The -wlgle between the long axis and the 

pOSleriol' end of the veutriculul:) of 13 of 100 larva (I) specimens examined 

here W1i.S Letween 85 and 90°. All of thest~ 13 larvae possessed tail spines. 

heveu extended, six relr1::Lcted) and one had a conical tail typical of Anisakis 

larva (11). Thus, the preHent description of larva (I) includes all 

C:liaracteristies. except Uw au:.;ence of a tail spine, preViously described 

as Lypical of 1 tJ.rva (II). The presence of a tail spine on all specimens 

examined b~l'e precludes their identification with Berland1s larva (II). 

Punt (1941) gives the dimensions of 55 Anisakis larvae from 12 

te leost hosts (f'llnt' s table XIX actually prl~sents data on 56 specimens but 
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the specimen from Osmerus eperlanus cannot. be considered a valid inclusion 

because it possessed an intestinal caecum: "chez des exemplaires dont la 

longeur depasse :28 mm .• l'intestin peut etre prolonge en forme de caecum, 

longeant Ie ventricule et a peu pres de meme longeur"~ The ranges for Punt I s 

dimensions are within those cited for the present specimens indicating 

morphometric similarity between our specimens and Punt' s. However, when 

Student's t tests were performed between the means of the various dimensions 

given by Punt and those presented here, significant differences (p < .01) 

were found. In vieW' of the heterogeneity found among samples examined in the 

present study. the difference between our specimens and Punt's cannot be 

regarded as evidence that we are dealing l.ri th a different species of Anisak.is. 

Banning (1971) successfully reared larvae from herring, mackerel 

(Scomber scombrus) and Norway haddock (Sebastes marinus). However, he did 

not study the morphology of the adults he cultured and simply referred to 

them as Anisakis~. This identificat.ion was based on the proposal by 

'!'hiel (1966) that all adult species of Anisakis in sea mammals in the North 

Sea and S0uth Atlantic belong to the same species, Anisakis marina, and that 

the specific name for the larvae in herring should therefore be !. ~. 
However, Khalil (1969) rejected Thiel's proposal because he did not provide 

rulY evidence in support of his viev. Davey (1971) recognized three valid 

species of Anisakis and rejected Thiel's "marina" because it depended on 

acceptance of Gordius marinus of Linnaeus 1761, the description of which 

Baylis (l944) stated was inadequate. Banning's (1971) study cannot be 

considered as having solved the problem of the identity of the larvae. 

Positive identification will only be possible after a detailed study of 

adults reared in the laboratory. 

Of particular interest among our specimens is the amount of variation 

observed between samples of larvae from different host species. the same host 

species in both distant and nearby areas, and between larvae from different 

age classes of hosts in the same areas. Despite the significant differences 

between samples, these larvae undoubtedly belong to the same species. Indeed, 

Nyman and Pippy (1910) studied the population genetics of these larvae and 

concluded that those from herring practically all belong to the same breeding 

population. Larvae from salmon had slightly different gene frequencies but 

these vere again in genetic equilibrium. During 

hypothesized that the length of the larvae might 

our investigation it was 

• be related to oceanic 

temperatures. A seareh through the literature and an examination of surface 

temperature data collected since the ear)y 1900's (from the Canadian 

Oceanographic Data Centre) did not proviae suitable data for a comparison 

of the mean lengths of the larvae with oceanic temperatures. The authors reel 

such a comparison would be worthwhile shcn.lld the necessary oceanographic data 

become available. 

Wi th respect to the possibility that Anisakis larvae grow wi thin the 

fish host. two apparently connicting fillds have been presented. There did 

not appear to be any increase in the mean length 01" larvae throughout the lite 

span of the herring regardless of the mCfm length of larvae in the younger 

herring in the samples (Fig .. 4). In cun1.rast, there were significant 

differences in the regression lines de~c;'ibing the relationships of various 

body dim~nsions to the lengths of the l~ vae from salmon and herring hosts 
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('l'~lJle 2). These difference~ in rt:gressiLl!l lines suggest. that the larvae 

gr"w wldle in the fish host, either before ,)r during the infective stl;l.ge. 

Lr this is so, differences in mean :3izes of the larvtt.e resulting from 

differenees in the times spent in the fish 'lOsts by t.he larvae must be 

im; ignifi cant when compared \ii th di fferences resulting from other factors (for 

eX!lrnple, temperature, as mentioned in t.he previous paragraph). Another possible 

explanation for the differences in regressi:Jn lines for larvae from the two 

hosts is that the differences are related to utilization of the larvae by 

different invertebrat.e hosts. Larval AnisaKis have been found in amphipods 

(CapreUa septentrionalis), decapods (Hyas. araneus). and euphausids ('l'hysanoessa 

raschii, 1:. longipes. !: inermis and!. longicaudata) (Smith. 1911). If the 

grovth of the larvae and the relative grvwth of the various organs is dependent 

t.u some extent on the invertebrate species utiliz.ed, and it' salmun tind herrinp!; 

reed muinly on different species of these invertebrfites~ the apparent effects 

un growth characteristics might be similar tCJ those presented in Table 2. 

If tllis latter suggestion is true there is t1U conflict bet .... een the f'esults 

!.H·~sented in 'l'able ;! and ltlOse preseuted in Fig. II, 

'rhe absence of precist! knowledge vt' the factor or factors which 

contribute to the variations ill the morpbometry of Anisakis larvae complicates 

u:;;ing these variativos a!:; aids Lu st:'p~r/;:l.Ling fist! stock::;. Hu .... ever. insofar 

as the variutious art:' detectlible. it set!ll,c, likely that they may be of some 

value for this purpuse, Their prime imp('f'tance may be as additional parameters 

in a description of host studt:; (in additiou to factors such as :;iz.e and age 

composi tion or abundctllce of I,arasi tes) . 
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'fable 3. D~IJ,.ioJ1 •• t tbe 12 Mat posterior 
.... entral hypodermal cells fro n one side only of 

t,\W Anisakis sp. larvae. 

Cell N Length of cell (nun ) 
(Posterior 

Anterior to) Larva HI Larva 

1 2.13 3.68 
2 1.C5 0.141 
3 1.73 1.10 
4 1. ~J2 1.6" 
5 0.065 0.662 
6 1.U9 1. 54 
1 o. ·(05 1.005 
e 0.600 0.515 
9 1.11 1.03 

10 O. )Ie 1. 23 
11 a.bOG 0.490 
12 D. cl'7C 0.184 

Mean 1.01 1.20 

N2 

'l'able IJ. Coefficients L't' variation (expr'essed as percents) of the 
dimensiolls of' Anisakis sp. larvae from Atlantic salmon and Atlantic 

herring. Calculated from data in Table 1. 

Larvae Larvae 
frOm from 

salmon herring 

'rotal ler16th 1.). ~)6 15. r; 
Diameter L'.lO 12.13 
Anterior ~nd to nerve ring 13.51 10.98 
Length <)1' etiophagus 1'7. 16 14.1) 
Length of ventriculus 19. tie 1'7.1~ 
Width of veIl tri cuI us 21.7') 21.37 
Length nr tail 22.'50 2D.00 

Len!;!;th eS0Eha.~us 
Total length 1~.)3 14.52 

Lene;lll ventriculLl.S 
'l'otal lellgt.h 16. ()7 15.19 

l:!;soprHigLls + ventriculus 15.83 13.72 

EsoEh~u~ + ventriculus 
'rotal length 16.91 13.58 

Lengltl x width velllricu.lus :il. y4 33.49 

Length x width ventriculus 
Total length c8.51 22.22 

l,en~th v(-·nlriculus 
Length esophagus l.J.64 12.38 

Gl 

Both 

15.21 
11.41 
12.25 
16.64 
18.63 
25.36 
21. 41 

11.46 

16.21 

14.81 

15.34 

38.46 

31. 50 

13.13 
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Table 5. Cb-..ges in lenath (L) an4 viM-!:». (w) ot v.ntriculus of Anlsa.kis Bp. 
I ClIVae meusured "' 30 secund intervals. All measurements in millimetres. 

Time Larva Nl Larva #2 Larva #3 Larva #4 Larva U5 
(seconds) L W L " L W L W L W 

0 .74 .180 .75 .22u . '(4 . ~)lB 1.02 .221 .85 .212 
30 .71 .159 .78 .221 .74 .240 .96 .218 .88 .280 
60 .71 .168 .77 ,221 .8;? .218 1.00 .250 .90 .284 
90 .67 .168 .77 .221 .80 • "-H: ,,,-,,-.) .92 .220 .90 .280 

120 .62 .1"(0 .71 .22() .8;0 .220 1.00 .220 .89 .218 
150 .6, .162 .82 .230 .84 .221 .95 .216 .84 .272 
180 .66 .166 .77 .230 .8;0 .213 1. ()2 .218 .92 .268 
210 .66 .n8 .85 .218 8" . . .216 .99 .2JO .88 .'-,73 
240 .65 .16, .77 .221 .8j .210 .94 .273 .89 .220 
:!70 .65 .173 .83 . 2~')~ .80 .2:-.'0 .91 .224 .87 .275 
JOO .63 .200 .82 .230 .84 .220 1.00 .2;":'0 .89 .257 
330 .10 .lY5 .82 .240 '<11 .213 .95 . ?22 .92 .251 
360 .13 .184 .81 .231 .8) .211 .98 .223 .95 .260 
J90 .69 .190 .73 .231 .85 .212 1.09 .240 .94 .260 
4~'o .10 .200 .85 .2ho .84 .~) 18 l.00 .230 . 9~~ .263 

Mean .618 .1,(,( .190 .22'( .815 .<'18 .986 .228 .896 .262 
Std. dey. .036 .Oll. .042 .008 .034 .001 .041 .004 .031 .021 
Cuero vu.r. 5.31 1.91 5.:V .1.':)2 4.11 3.21 4.H, I. '15 3.46 8.02 
Std. error .009 .001, .011 .DO;! .009 .OO? .011 .004 .008 .005 

Tau1e 6. Gwrunary of total length daLa. on Anisakis sp. larVae frum male (M) a.nd 
feml:l.le (lo') 2-:;ea-winter Atlantic s;:l.lmon from Cana.da 'Llld. Ule Iinited Kingdom. 

Canada United Kingdom 

M f' " + F M F M + F 

Number 64 314 31H 35 19b 231 
Meua 20.92 21. 32 21.2) <-'2. HJ ?? 31 22.29 
Varianc~ 6.315 4.8') ) 5.11& 9.102 5.50b 6.106 
Standard deviation 2.525 2.20;' 2. 26~' J. U5 2.347 2.411 
Standard error 0.316 0.121, 0.116 O.52'T 0.168 0.163 

Table 7. Mean lell~ths of 7G2 Anisakis sp. larvae from AtlanLic salm0n from 7 
sampling station::; Hrnmged according to the sel:i age of the tlosts~ 1969. Number 

examined in brackets. 

:.iampl lug 
:; latiUl1 

j 

4 
5 
6 
7 
8 

10 

N 
Mean 

:.:itd. deY. 
Std. error 

Mean 

1 
seu-\rIinter 

20. ;'(22) 
,'0. 'J ( ::"1 ) 
1~.~(1) 

21. L(39) 

(89) 
.'0.14 
0.1139 
0.0107 

G2 

length uf larvae 

" 3 
sea-winters sea-winters 

21. ;.( 1'» "1.4(14) 
;,,>0. ')(4~) .'1. 5(5) 
21. )(50) 22.2(21) 
19.(,(50) ,:0.8(17) 
21. 2{1~)) 21.1(lY) 
21.1(15(,) .'3.3(24) 
.!l.O(Hl) d.3(14) 

(559 ) (114 ) 
21.13 21. 80 
0.591 O. B92 
0.025 0.084 
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-~---

Fil. 1. MorpholQgy ot Ani.IIk! •• p. larv .. : A, Entire vora. B, Tail eD4i 

C, Read end. O. En fao. view. I, D1aar .... tlc pre.entation ot the atructure 

ot tbe excretol'J cell. All rieures except E were 4r.va witb the a~d. ot • 

c: ... ra luc~4a. 
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---FROM SALMON 
- - - -- FROM HERRING 

A 

-------- .------
~ 

/ 

---

B 

0·6 t / 

I I ~-L-L-L-L-L~I~I~I~I~I~I~I~I~IL-IL-LI-LI-L-"-~ 
15 20 25 30 35 

TOTAL BODY LENGTH (MMI 

Fig. 2. Least squares regression lines for regressions of the diameter (A) 

and the length of the ventriculus (B) of Anisa.kis sp. larvae on the total 

uody length of the larvae. Heavy straight lines are the regression lines and 

lighter curved lines represent 95% confidence bands. 
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~CANAOIAN N' ez ~N'77 EUROPEAN N'10 N <~9 

" 
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0 

Fig. 3. Frequency distributions of the total length. length or the esophagus, 

length of the ventriculus, leugth of the tail, width of the vellLriculus and 

the d.istance of the anterior end t(. the nerve rint": l) r Anisakis larvae from 

herrioi\ taken in Canadian and luropean _tera. II· Number of larvae in sample. 
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Sf. PlWl ISLAND: 
,.. 245 
K'2HO 
SD·l·24 

FORTUNE 8AV 
N' 411 
i . 24·80 
SD' 2'10 

sw NFlD 
N '669 
Si· 25·9, 
SO, '·25 

HAWKE's BAY ..... 
i . 23'43 
$D"'II 

Fig.~. Length t'requ,-,m'y distriLutiontl uf six SBmlrles of Anistikis sp. larvae 

frum hen'ing t.akell 1lt'6.r' Lile C'l:I.nl:lUial1 COELt;.t. all a~t:"i CumtJilled. N =: Number of 

1arvae ,-,xamineu. it =- Int,tU! lellgth uf tho:! larvae and JIJ '" sltl.ndard deviation of 

the distribution; arruW's indicate sample means anu vertical brllken lines 

indicate the .ean of all six samples combined. 
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Fig. 5. Mewl length vf Anitiakb :;p. lllrv~e cumpa.·ed with the age of the 

herring ill 'Which they were found. Agt.' C"l~tises represent B. breakdown of 

S8lllPles used in Fig. 4. Broken lines indi~l:Lte 110 larvae Cor that age class. 

Note that there is no apparent increase in the length of the larvae with the 

aa:e ot tht, host. 
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