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IN TR O D U C T IO N

Squids are important elements in pelagic food webs and 
interact with commercial fisheries for finfish ( B o y le  &  
P ier ce  1994). Off the southeastNorthAtlantic, the short- 
finned squid/Wex coindetii ( V erany , 1839) and Todaropsis 
eblanae (B a l l , 1841) are an important by-catch in the 
multispecific trawling fisheries for Merluccius merluccius 
(L.), Micromesistius poutassou (Risso) and Nephrops 
norvegicus (L.). In recent years, annual commercial 
catches of both squid species together have ranged from 
490 to 2,352 metric tons ( G o n z a le z  & al. 1994a). Man
agement of these fisheries may be based on multispecies 
models (Mercer 1982), which require detailed knowledge 
about the trophic connections between the different spe
cies concerned.

The alimentary tract of oegopsid cephalopods appears 
to provide suitable ecological niches for helminth para
sites (H och berg  1990), possibly related to the fact that 
squid also provide an adequate environment for replicated 
parasite communities (termed ‘parasite infracommunities’ ) 
(E sch  & al. 1990). Many parasites of squid, in particular 
helminths, are linked at various stages of development to 
certain groups of hosts by a correspondence of trophic

and parasitic bonds (G aevskaya  &  N igm atullin  1978; 
N aidenova  & al. 1985; N igmatullin &  Shukhgalter 1990). 
Hence, there is undoubted interest in the application of 
the results of parasitological investigation to the elucidation 
of the biotic relationships of squid species.The aim of this 
study was therefore to determine whether analyses of 
parasite assemblages and host-parasite interactions could 
clarify biotic relationships of ommastrephid squids in the 
southeast North Atlantic.

M ATERIAL AND M ETHODS

From  N ovem ber 1992 to  N ovem ber 1993, 1,200 p o s t
recruit I. coindetii (ÇÇ 334, $$ 266) and T. eblanae (ÇÇ 
304, S S 296) were collected o ff the Galician coast between 
42°5' - 45° 15' N and 7° - 9°20' W. Samples were caught by 
commercial fisherm en working in two areas w ith different 
hydrographical characteristics (F ra g a  1981), R ibadeo to 
Finisterre to the north (ICES VIIIc division), and Finisterre 
to Miño river to the southwest (ICES IXa division) (Fig. 1).

Dorsal mantle length (DML), total body weight (BW), sex and 
stage of maturation (I-V, Lipinsky 1979) (Table 1) of each squid 
were recorded. The digestive tract was 1hen removed and parasites 
counted. Representative samples o f parasites were stained using 
standard techniques and mounted for identification. To determine
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Fig. 1. - Map showing the locations o f  trawl stations at Galician shelf waters in both sampled areas.

the identity o f the Anisakis simplex (Rudolphi, 1809, det. Krabbe, 
1878) L3 within the Anisakis simplex complex (see O recchia & al. 
1986), we sent several specimens from both squid species to Prof. 
L. Paggi and co-workers at the University o f Rome, ‘La Sapienza’, 
Rome, Italy, for analysis using allozyme electrophoresis (for details 
o f electrophoretic procedure see N ascetti & al. 1986). Voucher 
specimens o f both component helminth species have been deposited 
in the Department o f Invertebrate Zoology, Santa Barbara Mu
seum  o f  N atural H istory (Santa Barbara, California, USA) 
(Phyllobothrium sp.: 143035-143055; Anisólas simplex B: 143034, 
143056).

Parasite counts were approximately distributed as a  negative 
binomial, and component species (i.e., those with prevalence

> 10 %  see below) had a  variance greater than the mean, indicat
ing an overdispersed distribution, i.e. the parasites were aggre
gated. A  log transformation [log (parasite count + 1)] was there
fore used to bring the frequency distributions o f parasite counts 
closer to normality (C assie 1962). Statistical analysis was per
formed using SYSTAT (Version 4).

Quantitative term s for parasite infection are according to 
M argolis & al. (1982), ‘prevalence’ is defined as the percentage 
o f  host individuals in a  sample infected by a  particular parasite 
species. The term ‘abundance’ is defined as the mean number 
o f  a  particular parasite species per host exam ined. ‘M ean 
in ten sity ’ refers to  the m ean num ber o f  indiv iduals o f  a 
particular parasite species per infected host in a  sample.
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RESULTS

The parasites found were widely distributed throughout 
the region sampled (Table 2). They were helminths at 
larval stage, all of them mainly located in the digestive 
tract of both squid species. Only component parasites

(.Phyllobothrium sp. Linton, 1 9 2 2  larvae and A. simplex 
B O r e c c h ia  & al. 1 9 8 6  larvae) were chosen for analysis. 
Routine examination demonstrated the presence of 
plerocerci of Phyllobothrium sp. in 4 5 .9  % and 33 %  
(mean intensity: 6 .1 3 , 2 .9 2 )  of the examined specimens 
of I. coindetii and T. eblanae, respectively. With regard to

Table 1. Mean lengths at different stages o f  maturity o f ommastrephid squids Illex coindetii 
and Todaropsis eblanae from the north and south sampling regions, n: number o f  individu
als examined; DML: dorsal mantle length.

Host Maturity Sex n DML-north DML-south

Illex coindetii I male 37 113.08 ± 20 .44 131.31 ± 16.09
female 50 144.06 ± 32.89 137.36 ±27 .53

II male 28 150.73 ± 21 .99 140.03 ± 14.28
female 73 174.75 ± 33 .10 149.13 ± 33 .2 7

III male 54 170.00 ± 22.56 152.57 ±23 .02
female 80 221.20 ±54.61 172.06 ± 32.90

IV male 63 190.22 ± 30 .10 172.63 ± 23.62
female 83 216.60 ± 26 .77 197.11 ± 48 .3 7

V male 84 160.00 ± 14.14 190.00 ± 0.00
female 48 255.93 ± 67.03 192.25 ±34 .32

Todaropsis eblanae I male 80 111.18 ± 18.82 80.06 ± 12.38
female 89 83.04 ± 14.98 85.00 ± 18.61

II male 39 107.71 ± 17.50 110.04 ± 17.18
female 46 109.08 ±23 .95 106.00 ± 14.56

III male 33 128.86 ± 12.65 123.36 ± 8 .6 4
female 78 125.47 ± 19.59 121.67 ± 18.87

IV male 67 137.56 ± 13.11 136.70 ± 9 .5 8
female 29 146.57 ± 26 .12 140.51 ± 15.54

V male 77 141.67 ± 7.07 141.00 ± 8 .4 8
female 53 183.35 ± 26 .19 172.33 ±21 .13

Table 2. Parasites found in Ommastrephid squids Illex coindetii and Todaropsis eblanae at north and/or 
south sampling areas off Galicia. (Asterisks indicate those component species used in analysis; the re
mainder species have a prevalence < 1%).

Phylum and identity 
(order, family)

Site o f infection at 
both squid species

Host Locality

Cestoidea
(T etraphy llidea, Phyllobothriidae) :

Phyllobothrium  sp. * stomach, intestine, 
caecum, oesophagus

Illex coindetii 
Todaropsis eblanae

north-south
north-south

Pelichnibothrium speciosum caecum, stomach Illex coindetii 
Todaropsis eblanae

north
north

Dinobothrium  sp. caecum, stomach Illex coindetii north-south

(Atheca, Tentaculariidae):

Nybelinia yamagutii stomach Illex coindetii north

Nybelinia lingualis stomach Todaropsis eblanae north

Nem atoda:
(Ascaridida, Anisakidae)

Anisakis simplex B* stomach, gonads, 
mantle

Illex coindetii 
Todaropsis eblanae

north-south
north-south
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Fig. 2. Prevalence and mean intensity o f both helminth component species in relation to Illex coindetii length and stage o f  matura
tion at both sampled areas. (Phy-n, Phyllobothrium  sp. from the north area; Phy-s, Phyllobothrium  sp. from the south area; Ani- 
n, A. simplex B from the north area; Ani-s, A. simplex  B from the south area).

Table 3. Infection levels o f  both component helminth spe
cies in m ales and fem ales o f  short-finned squids Illex  
coindetii (le) and Todaropsis eblanae (Te) o ff northwest 
Spain.

Parasite Host sex Prevalence (%)

Phyllobothrium  sp. le males 43.2
le females 45.9
Te males 32.5
Te females 33

Anisakis simplex B le males 9.8
le females 11.3
Te males 18.4
Te females 19.3

Table 4. Relationhip between squid size and gonad maturity 
and abundance o f  infection o f  Phyllobothrium  sp. and 
Anisakis simplex B in Illex coindetii (le) and Todaropsis 
eblanae (Te). (ANOVA test, * statistical dependence at 
P < 0.05).

Host F p*

Size (DML)
Phyllobothrium  sp. le 391.64 < 0.001

Te 69.74 < 0.001

Anisakis simplex B le 215.42 < 0.001
Te 463.25 < 0.001

Gonad maturity
Phyllobothrium  sp. le 28.514 < 0.001

Te 105.84 < 0.005

Anisakis simplex B le 14.192 < 0.001
Te 21.35 < 0.05
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Fig. 3. Prevalence and mean intensity of both helminth component species in relation to Todaropsis eblanae length and stage of 
maturation at both sampled areas. (Phy-n, Phyllobothrium  sp. from the north area; Phy-s, Phyllobothrium  sp. from the south 
area; Ani-n, A. simplex B from the north area; Ani-s, A. simplex B from the south area).

A. simplex B larvae, infection levels were lower, accounting 
for the 11.3 % and 19.3 % (mean intensity: 5.57,3.87) of 
Ute I. coindetii and T. eblanae examined, respectively.

Host-parasite relationships
For both squid species prevalence of infection was 
slightly higher for females than for males, but differences 
were not statistically significant (Mann-Whitney U-test, 
P > 0.05 in all cases) (Table 3). A tendency of increased 
parasite abundance with both increasing host size and 
maturity was observed for both squid species at both 
sampling areas (Table 4).

For I. coindetii up to 12 cm, only Phyllobothrium lar
vae were found in them. As they grow, specimens 12 to 
18 cm long were infected by both component parasite

species in both sampling areas (Fig. 2A), but the sharp 
rise of infection takes place later, when the squid attain 
more than 30 cm in length (Fig. 2B).

Plerocercoids of Phyllobothrium sp. initially appear in 
T. eblanae of 80-110 nun DML, in connection with their 
feeding on planktonic invertebrates. Squids at DML greater 
than 120 nun change to an intermediate diet of fish and 
squid, and then the larvae of cestodes and nematodes, as 
well as those satellite species of Phyllobothriidae, appear 
and subsequently accumulate (Fig. 3).

For both squid species variation in infection values 
was found between different stages of maturation, as 
prevalence and mean intensity rose gradually from stage 
I to stage V maturity, increasing markedly in the oldest 
stages (Figs 2C-D, 3C-D). Statistical analysis confirmed 
tile interdependence between abundance of infection and 
squid gonad maturity (Table 4).
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Regional variations
The infection levels was found to vary on a geographical 
basis. The proportion of component parasites tended to 
decline in a north to south direction, from 68 % and 
2 8 .3  % off north to 2 0  % and 2 6 .2  % off the southwest 
coast for I. coindetii and T. eblanae, respectively. The 
abundances of both component helminth species differed 
significantly among the two geographical groups of 
I. coindetii and T. eblanae at stage V of maturation (Table 
5). In general, the northern squid group showed higher 
infection levels than squids from the southwest area at 
every squid-class examined.

DISCUSSION

Squids as hosts in helminth life cycles 
Many reports have recently been published on the impor
tant role of squids in the life cycles of different systematic 
groups of helminths (for review see H och berg  1 9 9 0 ). The 
role of oegopsid Ommastrephidae in the parasite fauna of 
the Atlantic Ocean has been studied relatively well, but we 
have only fragmentary information about the helminth 
fauna of I. coindetii and T. eblanae ( G a e v s k a y a  &  
N igm atullin  1 9 7 8 ). The high level of infection in both 
squid species by plerocerci o í Phyllobothrium spp. reflects 
the obligatory participation of squids as intermediate hosts 
in the life cycle o f tetraphyllideans of the genus 
Phyllobothrium. The final hosts of these cestodes are large, 
predaceous sharks of the families Carcharhidae and Isuridae 
(J o y e u x & B a e r  1 9 3 6 ) and rays (P e r is &al. 1 9 9 5 ). Simi
larly, we may also assume that/, coindetii and T. eblanae 
off Galician shelf waters undoubtedly occupies an impor
tant function as reservoir or paratenic hosts for A  simplex
B. The squid position in the life cycle of rare or satellite 
larval cestodes is presently unclear. However, it appears

that both squid species are accidental hosts and infection 
is connected to infected prey, mainly mesoplanktonic or
ganisms (copepods, amphipods, ostracods, chaetognaths) 
and small bony fishes, which are common in the stomachs 
of medium to large-sized squids.

Biotic relationships o f  squids
Large active elasmobranch fishes, which can ingest I. 
coindetii and T. eblanae both alive and dead (N aid en o v a  
& al. 1985; P a sc u a l  & al. 1994) may prey upon all the 
stages of maturation found within wild-caught I. coindetii 
and T. eblanae (i.e. the ‘exploited stocks’). In addition, 
medium to large-sized individuals of T. eblanae (150- 
210 mm DML) and late-maturing forms of I. coindetii 
are important as food for marine mammals (dolphins and 
whales) (G onza lez&al. 1994b; P a scu a l&al. 1994) (Fig. 4).

Anisakid nematodes are ‘open water-types’, typically 
found in predators of nekton and adapted to oceanic 
environment (O s h im a  1972; S m ith  1983; N a g a s a w a  &  
N a k a t a  1984). CANNON(1977)andSMiTH(1983)remarked 
that species of Anisakis typically are found in hosts 
which feed on plankton (Meganyctiphanes norvegica 
having an occurrence of 8.9 % in the diet of I. coindetii) 
and nekton (Micromesistius poutassou ranging from 30 
to 60 % of the diet of mature individuals of T. eblanae).

P ippy  &  V a n  B an n in g  (1975), B everly-B urton  &  a l . 
( 1977), O shima  ( 1979), S m ith  ( 1984), M cgladdery  (1985) 
and P a g g i & al. (1985) all suggested that all the Anisakis 
larvae type I found in the North Atlantic are those of A. 
simplex R u d o lph i 1809, a cosmopolitan species in cold 
and temperate waters. The closely related A  typica D iesing , 
1860 is generally found in warmer water from 36° to 40° 
N (D avey 1971 ). The geographic distribution of A. simplex 
A and A  simplex B appears to be mainly Mediterranean 
for the former, and mainly North Atlantic for the latter

Table 5. Abundance o f  helminth component species in different stages o f maturation o f  both squid 
species taken at both sampling areas. Abundances at north and south significantly different at 
*p < 0.05 and **p < 0.01 (le, Illex coindetii', Te, Todaropsis eblanae), n: number o f  individuals 
examined.

Stage o f  maturation Host n
Phyllobothrium  sp. 

north south
Anisakis simplex B 

north south

immature (I-II) le 188 2.21 0.31 0.30 0.008
Te 254 1.31 0.24 0.09 0.002

maturing (III) le 134 7.16 0.81* 0.16 0
Te 111 8.38 1.12* 1.49 0.15

mature (IV-V) le 278 14.57 2.08** 5.20 0.15**
Te 226 11.79 1.98** 14.37 1.15**
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(N a scetti & al. 1986). Since larval anisakines in squid 
from northwest Spain have been proved to be A. simplex 
B, it would not be unreasonable to suspect that the squids 
migrated relatively short distances, or west-east to a yet 
unknown spawning area, and not north-south, at least not 
south far than 40° N. This parasitological argument ap
pears consistent with the results of fisheries biology stud
ies (G o n zalez  & al. 1994a; M . Rasero, pers. commn), 
which show a broad ranges of sizes and stages of matura
tion during any season within sampled areas off Galicia. In 
fact, in most ommastrephid squids the onset of maturity 
is associated with a cycle of migration inshore-offshore in 
relation to currents, temperature and food supply in the 
water ( B oyle  1990). On this basis, it is believed that squid 
spawning are released in offshore deeper waters, close to 
the shelf edge. This is the principal habitat for teuthivorous 
species, mainly the common dolphin Delphinus delphis 
( L in n a e u s , 1758), the bottle-nosed dolphin Tursiops 
truncatus ( M o n t e g u , 1821), the R isso’s dolphin 
Grampeus griseus (C u v ier , 1812)(GoNZALEZ&al. 1994b), 
the spermwhalePhysetermacrocephalus (L innaeus, 1758) 
and the long-finned pilot whale Globicephala melas 
(T raill, 1809) (C larke &  M acleod 1 9 7 4 ;B albuena  1992).

Despite the fact that three species of Ommastrephidae 
comprise the most important component in the diet of 
swordfish Xiphias gladius (L in n a eu s , 1758) in the North
east Atlantic Ocean (G u e r r a  & al. 1993), no specimens 
of I. coindetii or T. eblanae were found in the stomachs of 
113 swordfish. This is in accordance with the absence of 
trematodes Didymozoidae in our material which is an 
indicator of the absence of trophic relationships between 
large predatory fishes (tunnas, sailfishes and swordfish, 
the final hosts) and both slope-shelf squid species.

The similar trophic relationship of I. coindetii and T. 
eblanae with large top predators in local ecosystems, 
indicates that they both have a key function in the 
nektonic community in Galician shelf waters.

Regional variations
The composition of the helminth fauna of both squid spe
cies appears to be homogeneous throughout the sampled 
area, with little evidence of regional spéciation. Neverthe
less, both host species from the south area appeared to a 
lower level of infection, than these from the north area, 
although variation was considerable, especially for the later 
stages of maturation. Latitudinal gradients in the composi
tion of the helminth fauna and the differences in infection 
frequency has been previously noted for both host species 
(G aevskaya &  N igmatullin 1975), indicating differences in 
their trophic relationships in various parts of their distribu
tion (G aevskaya &  N igmatullin 1978). For both I. coindetii

and T. eblanae the high intensities and prevalences of infec
tion of northern squids indicate more stable ecological 
conditions compared with the hydrographically unstable 
southern part of the range. Despite the short distance be
tween both sampling areas (100 nautical miles), these re
gions exhibit differences in hydrography, biological produc
tivity, fauna composition and diversity (F ariña  &  a l . 1985; 
P enas 1986; V a r e l a & a l . 1991; V arela  1992). Thephysical 
properties have been suggested as factors influencing the 
sedimentation rate of Anisakis eggs (S m ith  1983), and 
therefore, causing different degrees of success in parasite 
transmission patterns in the two sampling areas.

Comparison between I. coindetii and T. eblanae
According to our data and also suggested by N aid en o v a  
& al. (1985) the formation of the helminth fauna of both 
squid species has proceeded simultaneously. The high 
similarity of helminth faunas of I. coindetii and T. eblanae 
off northwest Spain (Sorensen index: 67 %; 100 % 
comparing component species) is an indirect evidence 
that their biotopes are almost identical in the sampled 
area. Nevertheless, the size-maturity dynamics of the 
infection are different in the two species indicating a 
wider participation of I. coindetii in the helminth life 
cycles. In addition, infection levels also suggest that I. 
coindetii is more important as intermediate link from 
planktonic invertebrates and macroplankton to large 
predatory sharks, whereas T. eblanae is more important 
as a link (‘reservoir’) between micronekton (i.e. fish- 
pisciphagous and small squid) and marine mammals. 
Higher values of infection by A. simplex B  in T. eblanae 
may reflec t the higher intensity  o f feeding on 
Micromesistius poutassou, which can accumulate enor
mous numbers of anisakid larvae (S a nm artín  & al. 1989a).
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