
39

The fourbeard rockling, Enchely-
opus cimbrius L., is a small gadid
fish found primarily over soft mud
or sand bottoms along the continen-
tal margins of the North Atlantic
Ocean (Bigelow and Schroeder,
1953). This fish lives in burrows
during daylight hours and forage at
night (Keats and Steele, 1990). Al-
though larval stages of E. cimbrius
are well documented throughout its
range (Battle, 1929; Demir et al.,
1985), limited information exists
about the age and growth of this spe-
cies. This study estimates growth
rates of E. cimbrius from the Gulf of
Maine, analyses stomach contents,
and characterizes the metazoan
parasitic fauna.

Dietary studies for this species
have been made at various locali-
ties in the eastern North Atlantic
(Nagabhushanam, 1965; Wheeler,
1969; Mattson, 1981; Moller-Buchner
et al., 1984; Tully and O Ceidigh,
1989), but little is known of the food
habits for the western Atlantic, and
there have been no dietary reports
for E. cimbrius from the Gulf of
Maine. Diets of E. cimbrius vary
with location but have been found
to consist primarily of polychaetes
or crustaceans (Tyler, 1972; Lang-
ton and Bowman, 1980; Keats and
Steele, 1990).

Records of parasitism of E. cim-
brius are all apparently coincidental
with parasite surveys. Reported
parasites include a protozoan (Lom
and Laird, 1969), a coccidian (Odense
and Logan, 1976), an acanthoceph-
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Abstract.–The fourbeard rockling,
Enchelyopus cimbrius, is a small gadid
fish found primarily over mud bottoms
along the continental margins of the
North Atlantic. This study defines the
age classes of the fourbeard rockling
from the Gulf of Maine, analyzes stom-
ach contents, and characterizes the
fish’s metazoan parasite fauna. Age was
determined from sectioned sagittal
otoliths. Nine age classes were identi-
fied and compared with the Fraser-Lee
back-calculation method. The rate of
linear growth was constant throughout
age classes. The diet of fourbeard rock-
ling consisted primarily of bivalves,
copepods, and decapods, in both num-
ber and frequency of occurrence indi-
ces. Prey composition in the diet
changed with age. One-year-old fish
preyed primarily upon copepods; bivalves
were second in importance. The reverse
was seen in 2–7 year old fish. Data on
food habits suggest that the fourbeard
rockling is a “grazer.” Parasites of this
species were one larval nematode, from
the family Raphidascaridinae, one lar-
val cestode, Grillotia erinaceus, and the
two species of adult digenetic trema-
todes, Genolinea laticauda and Gono-
cerca phycidis. Prevalence and abun-
dance data indicate that the parasitic
fauna was dominated by Raphidascar-
idinae sp. and G. erinaceus.

alan (Linton, 1899), digenetic
trematodes (Linton, 1899; Gibson
and Bray, 1984; Brinkmann, 1988),
and a nematode (Nagabhushanam,
1965). No survey of parasites to date
has been specifically devoted to this
host species.

Materials and methods

A collection of 727 fourbeard rock-
lings was obtained during the Gulf
of Maine Northern Shrimp Survey
GM 93-20, 2–13 August 1993. Col-
lections were made during daylight
hours at 41 randomly generated sta-
tions at depths ranging from 79 to
254 m aboard the NOAA RV Gloria
Michelle equipped with a 4-seam
modified commercial shrimp trawl
with a 35-mm stretched mesh. In
case of large hauls, a 1-kg random
subsample was taken. An additional
36 fish, for stomach analyses, were
collected from 6 stations at depths
of 170–227 m during the GM 94-12
survey between 2 August and 3 Au-
gust 1994 by using identical gear
and methods.

Specimens collected during the
GM 93-20 survey were frozen im-
mediately at sea. To assess the ef-
fects of freezing on shrinkage, 218
fresh specimens were individually
tagged, measured to the nearest
mm for total length (TL), frozen,
then remeasured after being thawed
for 24 h. Fish were then weighed to
the nearest g on a top loading bal-
ance and sexed. In addition, both
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sagittal otoliths were extracted for ageing purposes
and stored dry in coin envelopes.

Fish age classes were determined by counting pre-
sumed annual growth increments in otolith sections.
For temperate-water fish, which generally exhibit
seasonal growth patterns, one year of growth is de-
fined by one opaque and one hyaline zone termed
the “annulus” (Pentilla et al., 1988). Sagittal otoliths
have been used for age determination in the major-
ity of commercially important gadids (Andrade and
Smith, 1988; Dery 1988; Pentilla, 1988) including E.
cimbrius (Cohen et al, 1990). The assumption that
increments were annual in E. cimbrius was based
on the following: prolonged spawning in the Gulf of
Maine (May–October) (Cohen et al, 1990), a pelagic
stage (40.0–45.0 mm TL) spanning several months
(Bigelow and Schroeder, 1953), time of year sample
was taken (August), and presence of a prominent
hyaline zone. The otolith of the smallest fish (95 mm
TL) in the present study exhibits a prominent hya-
line zone and this fish is assumed to have hatched in
the previous year.

One otolith from each pair was embedded in a mix-
ture of 1 part carbon powder and 4 parts paraffin
wax, then sectioned dorsoventrally through the

Figure 1
Transverse section of a sagittal otolith etched with 5% EDTA and stained with 0.01% toluidine blue photo-
graphed under a compound microscope at 40× by using transmitted light.

nucleus on an Isomet saw producing a section 203
µm thick. Sections were mounted on glass slides with
Crystal Bond 509, polished with 3.0-µ and 0.5-µ met-
allurgic lapping film, etched for 6 minutes with 5%
EDTA, and stained for 3 minutes with 0.1% tolui-
dine blue. Otolith sections were viewed under a com-
pound microscope at 40× by using transmitted light
(Fig. 1). Etching with EDTA provided three-dimen-
sional relief to the polished otolith surface, affording
the greatest resolution and definition of the hyaline
zones (Secor et al., 1992).

To reduce sample size for age determinations, the
length-frequency distribution of E. cimbrius at sta-
tion 40 was used to generate a rarefaction curve.
Fifty-seven fish were aged by using both left and right
sagittal otoliths during one trial under the following
treatment effects: low-power dissecting microscope
(LD); high-power zoom stereomicroscope (HS); and
high-power zoom stereomicroscope after otoliths were
etched with EDTA and stained with toluidine blue
(EDTA). Nine fish were omitted from the analysis
because of the inability to obtain either the left or
the right otolith.

Individual variances of the six trials were plotted
in groups of five to generate a rarefaction curve. The
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magnitude of the variance was stabilized at 30 fish
per age class, yielding approximately 270 specimens
to be aged. A length-based stratification was devel-
oped to avoid underrepresentation of the least abun-
dant fish located at the extremes (Fournier, 1983).
After removing the 77 lower (95–129 mm TL) and 54
upper (250–328 mm TL) extremes, 150 rocklings be-
tween 130 and 249 mm TL were randomly selected,
then added to the extremes, yielding a total
subsample size of 281 fish.

Otoliths from 281 fourbeard rocklings were etched
and stained, then aged with a compound microscope
at a magnification of 40 by using transmitted light.
After three complete trials, an ANOVA was run on
the assigned age classes.

Assigned age classes were compared by using the
Fraser-Lee back-calculation formula which assumes
that the relationship between individual fish length
and otolith length is maintained proportionally
throughout the back-calculation (Carlander, 1981)

It is defined as

Li = a + ODi (Lc – a/OR),

Where Li = estimated total length (TL) when otolith
has formed annulus i;

a = intercept of the (TL):otolith length (OL)
regression determined from the sample;

ODi = otolith distance from the nucleus to
annulus i;

OR = otolith radius measured form the
nucleus to the edge of the anterior ros-
trum; and

Lc = TL at capture.

Lengths at assigned ages were compared to back-
calculated lengths at ages by means of correlation
analysis. Total length back-calculation measure-
ments were used to construct a length-frequency dis-
tribution to further corroborate ages assigned to
length classes by otolith analysis. A Kolmogorov-
Smirnoff test was used to test for differences between
the observed and back-calculated length-frequency
distributions.

Specimens from the GM 94-12 survey were labeled
according to station, cut lengthwise along the abdo-
men, and preserved in 10% formalin. Stomachs were
removed and their contents, after identification, sum-
marized by using both numerical and frequency of
occurrence indices. These analyses were further di-
vided into two length categories: 1-year-old (105–121
mm TL) and 2–7 year old (119–271 mm TL) fish, on
the basis of assigned age-class information. The size
range of the first year class was calculated by using
±1 standard deviation from the mean. The second

category, 2–7 year old fish, was calculated by using
the –1 deviation of the mean size of the age-2 year
class and the +1 deviation of the age-7 year class.
Fish (n=1) that fitted within the size limits of these
two age groups were placed in the category with the
smallest difference between mean age-class length
and length of the fish.

In addition to the 36 stomach samples from the
GM 94-12 survey, a sample of 112 frozen fish from
the GM 93-20 survey was obtained to inspect for oc-
currence of parasitism. Each gastrointestinal tract
was removed and cut into its component parts, then
sliced lengthwise to allow for inspection with a dis-
secting microscope. Nematodes were labeled accord-
ing to the location of infection, preserved in 70% etha-
nol, then transferred to 70% ethanol and 5% glycerine.

Trypanorhynch blastocysts and digenetic trema-
todes were preserved and stored in 10% buffered for-
malin. Trypanorhynchs were removed from their
blastocysts, transferred to 70% ethanol, and stained
overnight in Mayer’s paracarmine diluted 1:9 in 70%
ethanol. Specimens were destained in 0.1 HCl in 70%
ethanol until internal organs were visible, neutral-
ized with 70% sodium bicarbonate for 20 minutes,
then dehydrated in a graded ethanol series prior to
clearing in methyl salicylate. Digenetic trematodes
were similarly prepared. Each specimen was
mounted on a glass slide in Canada balsam with
slides stored flat until the mounting medium had
hardened, when they were viewed under a dissect-
ing scope for identification.

Helminth data were summarized by using preva-
lence, abundance, and intensity indicies. Prevalence
(%P) is defined as the number of infected individu-
als divided by the number of individuals examined
multiplied by 100, abundance (A) as the mean num-
ber of parasite species per host examined, and in-
tensity range (I range) as the number of parasite
species in each infected host (Margolis et al., 1982).
Helminth data were further divided into nine length-
class categories with ±1 standard deviation from the
mean of each age class. Again, fish (n=3) that fitted
within the limits of two age classes were treated in the
same manner as in the food habits analysis. Splitting
the data into length-class categories provided a better
indication of the representative parasites in a respec-
tive year class than did dividing the data arbitrarily.

Results

Age and growth

The length-frequency distribution of E. cimbrius
(n=727) sampled during the GM 93-20 survey ranged
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from 95 to 328 mm TL (Fig. 2). Shrinkage was not
significant (P=0.2465), therefore, all total lengths
reported in this study are from previously frozen fish.

None of the treatment effects (LD, HS, EDTA)
employed on both otoliths from fish collected at sta-
tion 40 was found to be significantly different
(P=0.9488). The EDTA method was selected because
it produced the highest r2 value (r2=0.9961) in a re-
gression analysis. There was no significant differ-
ence between left and right otoliths (P=0.8934).

Nine age classes were identified (Table 1). An
ANOVA was run on the assigned ages of the 281 rock-
lings. The three independent trials were not signifi-
cantly different from one another (P=0.8028). There
was a high correlation (P=0.984) between total length
and age (Fig. 3). Because of the difficulty in inter-
preting annular growth or disagreement about age
over the three independent readings, 28 out of 281
otoliths were discarded.

Linear growth was significantly different in males
and females (P=0.0001) (Table 2). Nine male and
eight female age classes were observed. To account
for the sex differences in growth, the length frequency
has been subdivided to show the distribution of male,
female, and undetermined sexes (Fig. 4). Undetermined
sexes were either immature or badly preserved.

There was a significant difference between the
weights of males and females (P=0.0001). The aver-
age weight of all sexed specimens regardless of age

Figure 2
Length-frequency distribution of E. cimbrius collected during the GM 93-20 survey between 2
August and 13 August 1993 plotted in groups of 5 (e.g. 95=91–95). (n=727).

Table 1
Age-class statistics based on observed otolith readings of
E. cimbrius collected during the GM 93-20 survey between
2 August and 13 August 1993. (n=253).

Total length (mm)

Age class n Mean Range SD

1 37 112.6 95.0–127.0 8.1
2 52 127.4 115.0–149.0 8.5
3 24 157.3 142.0–178.0 8.8
4 38 180.5 155.0–207.0 12.4
5 35 204.3 189.0–226.0 9.2
6 16 240.7 223.0–268.0 13.8
7 26 258.5 228.0–282.0 12.8
8 13 283.6 272.0–297.0 6.8
9 12 307.7 293.0–328.0 9.9

showed that males weighed more than females (mean
26.5 ±19.3 and 24.5 ±24.2 g, respectively). Females
were heavier at age than males for the first three
year classes (Fig. 5). A scattergram of age versus total
length (mm) and weight (g) is presented in Figure 6.

Regression analysis of TL vs. OL is defined by y =
0.014x + 0.838 where 0.838 is the intercept used to
standardize the Fraser-Lee back-calculation equa-
tion. Back-calculated lengths at age (Table 3) and
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Table 2
Mean lengths of males, females, and immature or unde-
termined sexes per age class based on observed otolith read-
ings. (n=253).

Mean total length (mm)

Immature or
Age class n Male Female undetermined

1 37 116.7 113.3 110.7
2 52 130.6 125.7 125.8
3 24 158.0 155.8 160.3
4 38 180.0 181.2 —
5 35 204.0 204.5 —
6 16 239.4 242.8 —
7 26 257.9 257.5 277.0
8 13 281.8 287.0 286.0
9 12 307.7 — —

Figure 3
Regression of observed age-class data vs. total length (mm) of E. cimbrius collected during
the GM 93-20 survey between 2 August and 13 August 1993. (n=253).

observed lengths at age were not significantly dif-
ferent (P=0.9608). The Kolmogorov-Smirnoff test
revealed there was no significant difference between
the back-calculated and observed length-frequency
distributions (P=0.3124) (Fig. 7). In addition, back-
calculated and observed lengths at ages were highly
correlated (P=0.996).

Dietary habits

Stomach contents consisted primarily of mollusks
and arthropods. Three specimens contained no food
and were not included in the determination of nu-
merical and frequency of occurrence indices. Yoldia
sp. and calanoid copepods composed the majority of
prey items in both number and frequency (Table 4).
Yoldia sp. and calanoid copepods, combined with
Diastylis quadrispinosa, Crangon septemspinosa,
unidentified cumaceans and decapods, composed
91.6% of the prey items ingested. Frequency indices
showed that the latter four prey items had similar
frequencies.

Numerical indices show that copepods composed
71.2% of the diet of 1-year-old fish (Table 5). Bivalves

were second in importance (19.2%), followed by
cumaceans (5.4%), amphipods (2.7%), and decapods
(1.4%). The importance of copepods decreased to



44 Fishery Bulletin 97(1), 1999

Figure 4
Length-frequency distribution of males, females, and undetermined sexes collected during the
GM 93-20 survey between 2 August and 13 August 1993 plotted in groups of 5. (n=727).

28.7% and was replaced by bivalves (56.3%) in fish
ranging from 2 to 7 years old (Table 5). Polychaetes
(2.0%) and decapods (3.7%) were found only in the
stomachs of older fish. Cumaceans made up a small
percentage of the diet in both size ranges.

Bivalves (80.0%) and copepods (80.0%) were the
most frequent items encountered in 1-year-olds, with
cumaceans (40.0%) third in importance (Table 5). The
frequency of bivalves (71.0%) in the diet of older fish
was similar to that of 1-year-olds. Decapods and poly-
chaetes were consumed in higher frequency in larger
fish. Copepods were eaten in large numbers in both
size categories but were taken less frequently by
larger fish (12.9%).

Parasitism

Four parasite species were identified for the first time
for this host. The nematodes were identified as all
second- or third-stage and third- or fourth-stage lar-
vae of the family Raphidascarinidae, probably
Hysterothylacium sp. These identifications were
based on the presence of a boring tooth, globular ven-
triculus, ventricular appendage, intestinal caecum,
and excretory pore near the nerve ring. Raphi-
dascarinidae sp., located mainly in the body cavity,
were found to have the highest prevalence (23.0%)
of all parasites surveyed (Table 6).

Table 3
Age-class statistics based on back-calculated lengths at age
of E. cimbrius collected during the GM 93-20 survey be-
tween 2 August and 13 August 1993. (n=40).

Total length (mm)

Age class Mean Range SD

1 102.3 86.0–118.0 8.1
2 127.7 116.0–140.0 6.8
3 153.8 140.0–174.0 8.0
4 183.1 167.0–202.0 9.5
5 212.9 191.0–231.0 10.0
6 235.5 223.0–260.0 9.6
7 257.1 244.0–270.0 8.2
8 280.0 272.0–287.0 6.2

Encysted plerocerci larvae were identified as
Grillotia erinaceus Van Beneden, 1858 and were
found in the body cavity, stomach, and intestine of
20.9% of the fish examined.

The two species of digenetic trematodes, found in
the stomachs of E. cimbrius collected during the GM
94-12 survey, were identified as Genolinea laticauda
Manter, 1925 and Gonocerca phycidis Manter, 1925.
Body length dimensions of two specimens of G.
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Figure 5
Regression of male length (mm) vs. male weight (g) (n=119) and female length (mm)
vs. female weight (g) (n=96) for E. cimbrius collected during the GM 93-20 survey.

laticauda and G. phycidis ranged from 1.26 to 1.34
mm and from 1.38 to 1.76 mm, respectively. Both
digenetic trematodes were found in low prevalence
(4.7% and 1.4%, respectively) (Table 6).

The prevalence of infection of Raphidascarinidae
sp. steadily increased from 8.3% in 1-year-olds to
100.0% in 9-year-olds (Table 7). The prevalence of G.
erinaceus fluctuated but generally increased with fish
age. There was an increase in infection from 9.1% to
20.0% and 25.0%, respectively by Raphidascarinidae
sp. and G. erinaceus in 2- and 3-year-old fish. Infec-
tion by G. laticauda and G. phycidis was minimal in

all size classes. All helminths in all year classes were
found in low abundance.

Discussion

Age and growth

The age distribution of the sample comprised pri-
marily of 3-, 4-, and 5-year-old E. cimbrius, with a
maximum age of 9. The maximum age attained by
this species in the Gulf of Maine is similar to that
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Figure 6
Scattergram of age vs. total length (mm) and weight (g) for E. cimbrius collected during
the GM 93-20 survey. (n=241).

reported from the western and eastern Atlantic
(Cohen et al., 1990). Age classes discerned in this
study also agree well with those documented by
Cohen et al. (1990) for the eastern Atlantic. Age
classes for the eastern Atlantic are defined as fol-
lows: 3 years at 150 mm total length (TL), 5 years at
200 mm TL, 7 years at 250 mm TL, and 9 years at 290
mm TL (Cohen et al., 1990). The maximum length of
E. cimbrius from this study (328 mm TL) again is simi-
lar to the maximum length recorded in the western
Atlantic (305 mm TL) by Cohen et al. (1990).

The Kolmogorov-Smirnoff test showed no signifi-
cant difference between length-frequency distribu-
tions of observed total lengths and back-calculated
lengths derived from otolith increment data. This
finding further corroborates that presumed annuli
in sagittal otoliths were formed at regular time in-
tervals and can be used to assign ages to length
classes.

In aging studies, it is a common technique to com-
pare assigned ages to length-frequency modes to con-
firm age classes (Campana and Jones, 1992). This
was not attempted because of substantial overlap in
the length-frequency modes of E. cimbrius. Length-
frequency modes with substantial overlap have
proven to be unreliable as predictors of component

age groups because of several factors: the number of
modes may be less than the number of components,
modes may be obscured or indistinct, or false modes
may be generated (Beamish and McFarlane, 1987).
Fourbeard rocklings spawn from May to October
(Battle, 1930; Cohen et al., 1990) and overlap in the
length-frequency modes is likely due to this prolonged
spawning season.

After the first year, the age-length relationship of
fourbeard rocklings was linear. The young grew to
an average of 113 mm during the first year, and, on
average, grew 24 mm per year to age 9. The relative
large size and narrow size range of one-year-old fish
may be attributed to the under-representation of
smaller fish in the sample size. Fast early growth,
like that of E. cimbrius, is exhibited by most gadids,
and is particularly evident in red hake, Urophycis
chuss, and white hake, U. tenuis. This type of growth
is probably advantageous to U. chuss and U. tenuis
and to other small demersal marine fishes that en-
ter habitats dominated by larger individuals (Markle
et al., 1982). Arctic cod, Boreogadus saida, from La-
brador also exhibits growth rates similar to that of E.
cimbrius. After reaching approximately 90 mm in their
first year, B. saida average roughly 40 mm per year
until age 5; they rarely live beyond age 6 (Lear, 1983).
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Table 4
Relative importance of prey items of E. cimbrius according to numerical and frequency of occurrence indices. (n=36).

Prey taxon No. %No. Frequency %Frequency

Phylum Mollusca
Class Bivalvia 183 49.1 26 72.2
Order Protobranchia 183 49.1 26 72.2
Family Nuculanidae
Yoldia sp. 183 49.1 26 72.2

Phylum Annelida
Class Polychaeta 6 1.6 6 16.7
Family Phyllodocidae
Unidentified Phyllodocidae 1 0.3 1 2.8
Paranaitis sp. 2 0.5 2 5.6
Family Nereidae
Nereis sp. 1 0.3 1 2.8
Unidentified Polychaeta 2 0.5 2 5.6

Phylum Arthropoda
Subphylum Mandibulata
Class Crustacea 172 46.1 36 100.0
Order Copepoda 138 36.9 8 22.2
Suborder Calanoida 138 36.9 8 22.2
Subclass Malacostraca
Series Eumalacostraca
Superorder Peracarida
Order Cumacea 13 3.5 9 25.0
Eudorella truncata 1 0.3 1 2.8
Diastylis quadrispinosa 7 1.9 4 11.1
Unidentified Cumacea 5 1.3 4 11.1
Order Isopoda 2 0.5 2 5.6
Unidentified Isopoda 2 0.5 2 14.0
Order Amphipoda 5 1.6 5 13.9
Family Hyperiidea
Unidentified Hyperiidea 3 0.8 2 5.6
Family Calliopidae
Calliopius laeviusculus 1 0.3 1 2.8
Family Gammaridae
Unidentified Gammaridae 2 0.5 2 5.6
Order Mysidacea 1 0.3 1 2.8
Mysidopsis bigelowi 1 0.3 1 2.8
Order Decapoda 12 3.2 11 30.6
Infraorder Caridea
Family Crangonidae
Crangon septemspinosa 5 1.3 4 11.1
Family Pandalidae
Unidentified Pandalidae 1 0.3 1 2.8
Unidentified Decapoda 4 1.1 4 11.1

Infraorder Brachyura
Unidentified Brachyura 2 0.5 2 5.6

Animal remains 11 2.9 10 27.8

Unidentified vertebrates 1 0.3 1 2.8

Number examined 36
Number empty 3

Total length is the most appropriate parameter to
set limits around an age class for E. cimbrius. For
example, a fish with a total length of 165 mm would
be approximately 3 or 4 years old. If the weight of

this same fish, approximately 15 g, was used to esti-
mate age, the range of this estimated age would in-
crease from 2 to 5 years. Conversely, weight appears
to be a better measure of absolute growth than total
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Table 5
Relative importance of prey items of 1-year-old (105–121 mm TL) (n=5) and 2–7 year old (119–271 mm TL) (n=31) E. cimbrius
based on numerical and frequency of occurrence indices.

105–121 mm TL 119–271 mm TL

Prey taxon No. %No. Freq. %Freq. No. %No. Freq. %Freq.

Phylum Mollusca
Class Bivalvia 14 19.2 4 80.0 169 56.3 22 71.0
Order Protobranchia 14 19.2 4 80.0 169 56.3 22 71.0
Family Nuculanidae
Yoldia sp. 14 19.2 4 80.0 169 56.3 22 71.0

Phylum Annelida
Class Polychaeta 0 0.0 0 0.0 6 2.0 6 19.4
Family Phyllodocidae
Unidentified Phyllodocidae 0 0 1 0.3 1 3.2
Paranaitis sp. 0 0 2 0.7 2 6.5
Family Nereidae
Nereis sp. 0 0 1 0.3 1 3.2
Unidentified Polychaeta 0 0 2 0.7 2 6.5

Phylum Arthropoda
Subphylum Mandibulata
Class Crustacea 59 80.7 8 160.0 113 37.7 28 90.3
Order Copepoda 52 71.2 4 80.0 86 28.7 4 12.9
Suborder Calanoida 52 71.2 4 80.0 86 28.7 4 12.9
Subclass Malacostraca
Series Eumalacostraca
Superorder Peracarida
Order Cumacea 4 5.4 2 40.0 9 3.0 7 22.6
Eudorella truncata 0 0 1 0.3 1 3.2
Diastylis quadrispinosa 2 2.7 1 20.0 5 1.7 3 9.7
Unidentified Cumacea 2 2.7 1 20.0 3 1.0 3 9.7
Order Isopoda 0 0.0 0 0.0 2 0.7 2 6.5
Unidentified Isopoda 0 0 2 0.7 2 6.5
Order Amphipoda 2 2.7 1 20.0 4 1.3 4 12.9
Family Hyperiidea
Unidentified Hyperiidea 2 2.7 1 20.0 1 0.3 1 3.2
Family Calliopidae
Calliopius laeviusculus 0 0 1 0.3 1 3.2
Family Gammaridae
Unidentified Gammaridae 0 0 2 0.7 2 6.5
Order Mysidacea 0 0.0 0 0.0 1 0.3 1 3.2
Mysidopsis bigelowi 0 0 1 0.3 1 3.2
Order Decapoda 1 1.4 1 20.0 11 3.7 10 32.3
Infraorder Caridea
Family Crangonidae
Crangon septemspinosa 0 0 5 1.7 4 12.9
Family Pandalidae
Unidentified Pandalidae 0 0 1 0.3 1 3.2
Unidentified Decapoda 1 1.4 1 20.0 3 1.0 3 9.7
Infraorder Brachyura
Unidentified Brachyura 0 0 2 0.7 2 6.5

Animal remains 0 0.0 0 0.0 11 3.7 10 32.5

Unidentified vertebrate 0 0.0 0 0.0 1 0.3 1 3.2

Number examined 5 31
Number empty 0 3

length. The weight of fish between 300 mm and 325
mm TL ranged widely from 80 g to 160 g. After lin-

ear growth has slowed, fish still continue to gain
weight.
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Table 6
Prevalence (P), abundance (A), standard error (SE), and
intensity (I) of Raphidascaridinae sp., Grillotia erinaceus,
Genolinea laticauda, and Gonocerca phycidis in E. cimbrius
collected during the GM 93-20 and GM 94-12 surveys.

Parasite n P (%) A ± SE I range

Raphidascaridinae sp. 34 23.0 1.69 ± 1.24 1–32
Grillotia erinaceus 31 20.9 1.65 ± 0.25 1–8
Genolinea laticauda 7 4.7 4.33 ± 0.96 1–7
Gonocerca phycidis 1 1.4 2.00 ± 0.00 2

Figure 7
Length-frequency distribution of back-calculated lengths at age vs. observed lengths at age of E.
cimbrius collected during the GM 93-20 survey between 2 August and 13 August 1993 plotted in
groups of 5.

The dietary habits of E. cimbrius may contribute
to its constant absolute growth. Fourbeard rocklings
generally forage on small animals in large numbers
instead of large animals in small numbers. Fishes
that swim actively and forage for small organisms
(i.e. “grazers”) generally have a higher unit of en-
ergy expenditure per unit of energy input than do
fishes that are lie-and-wait predators on large or-
ganisms. In addition, preference for cold tempera-
tures may explain further why E. cimbrius exhibits
constant linear growth. I speculate that E. cimbrius
uses its energy to forage; energy that would other-
wise have contributed to absolute growth.

Dietary habits

Prey items of E. cimbrius surveyed in this study were
predominately bivalves, particularly Yoldia sp., in both
number and frequency. Calanoid copepods, although
present in great numbers, were consumed by few indi-
viduals. The importance of copepods is replaced by
bivalves, Yoldia sp., and polychaetes in the diet of larger
fish (>119 mm TL). After their first year, fish shift from
a diet dominated by planktonic copepods to a diet com-
prising infauna (bivalves and polychaetes).

Calanoid copepods composed the majority (71.2%)
of the prey taken, with bivalves (although consumed
in relatively high frequency (80.0%)) second in im-

portance by number (19.2%) in 1-year-old fish. Juve-
niles in the present study exhibited feeding prefer-
ences for various calanoid copepods similar to those
of pelagic larval gadids off the Isle of Man (Nagab-
hushanam, 1965.) This preference for planktonic or-
ganisms suggests that juveniles lead a less seden-
tary existence and feed more frequently in the water
column than do adults. In addition, the selection for
smaller prey is directly related to mouth size (Moyle
and Cech, 1988).

On Georges Bank, fourbeard rocklings >100 mm
TL consumed motile epifauna, particularly Crangon
septemspinosa (46.3%), in the highest percentage by
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weight followed by animal remains (30.1%) and in-
fauna, primarily polychaetes (13.6%) (Langton and
Bowman, 1980). Decapod crustaceans were not as im-
portant as these other groups to juvenile fish in the
present study. Decapods appeared in number for the
first time in 2- to 7-year-old fish. This can be explained
by the preference for larger prey by older, larger fish.

In a Norwegian fjord, E. cimbrius between 70 and
300 mm TL preyed primarily on crustaceans, poly-
chaetes, fish, bivalves and rarely on copepods
(Mattson, 1981). In adult rocklings, high percentages
of infauna, particularly polychaetes, have been re-
ported from the North Sea (Moller-Buchner et al.,
1984) and Passamaquoddy Bay, where the frequency
was found to be correlated with an increase in fish
size (Keats and Steel, 1990). The high frequency of
infaunal organisms, predominantly bivalves, in the
diet of 2- to 7-year-old fish in the present study ex-
hibits a similar trend. This finding may be correlated
with adults having a sedentary existence and remain-
ing in close contact with the substrate (Bigelow and
Schroeder, 1953; Cohen et al., 1990). This lifestyle,
compounded with the fact that this species has well-
developed stout barbels equipped with taste buds
(Nagabhushanam, 1965), would enable larger fish
to feed more effectively on epifauna and infauna.

E. cimbrius is best characterized as a euryphagous
bottom-rover or “grazer.” (Moyle and Cech, 1988). The
size of the prey appears to be directly correlated with
the size of the predator as seen in the change in diet
from 1-year-old fish to those 2 to 7 years of age.

Parasitism

The parasite fauna of E. cimbrius consisted of three
taxa and four species: Nematoda (1), Cestoda (1), and

1 Measures, L. 1995. Maurice Lamontagne Institute, Fisher-
ies and Oceans, Mont-Joli (Quebec), Canada G5H 3Z4. Per-
sonal commun.

Trematoda (2). The prevalence (P%) and abundance
(A) of a nematode from the subfamily Raphidas-
caridinae (probably Hysterothylacium) and a
trypanorhynch cestode, G. erinaceus, appear to in-
crease with fish age. The P% and A of both digenetic
trematodes were low in all age classes.

The few helminths found were in low abundance.
This is uncommon because other gadids are known to
have abundant and diverse parasite faunas (Margolis
and Arthur, 1979). The very low parasite diversity of
E. cimbrius supports evidence of limited movements
and benthic feeding preferences in its habitat.

All nematode specimens of the subfamily Raph-
idascaridinae were second- or third-stage and third-
or fourth-stage larvae (Measures1). The presence of
parasites in the same stage of development are in-
dicative of a “grazer” (Dogiel, 1966) and provides
additional support to characterize E. cimbrius as
such. A similar trend is seen in G. morhua, where its
mode of life, generalist feeding habits, and associa-
tion with the bottom facilitate the infestation by
Raphidascaridinae spp. (Dogiel et al., 1970).

The increase in prevalence of Grillotia erinaceus
from 9.1% at 2 years to 25.0% at 3 years appears to
be correlated with the an increase of arthropods in
the diet. In the life cycle of G. erinaceus, the
plerocercus larvae can be acquired by an intermedi-
ate teleost host through consumption of arthropods,
mainly copepods, which have previously ingested the
tapeworm eggs (Sakanari and Moser, 1985). It is not
possible to draw any firm conclusions on this rela-
tionship because food habit data in this study did

Table 7
Prevalence of infection (P%) and abundance (A) of four species of helminths in age-class ranges from E. cimbrius collected during
the GM 93-20 and GM 94-12 surveys. (n=148).

Raphidascaridinae sp. G. erinaceus G. laticauda G. phycidis

Age class n P(%) A P(%) A P(%) A P(%) A

1 12 8.3 0.1 16.7 0.2 0.0 0.0 0.0 0.0
2 11 9.1 0.5 9.1 0.2 9.1 0.2 9.1 0.2
3 20 20.0 0.3 25.0 0.3 0.0 0.0 0.0 0.0
4 51 21.6 1.3 17.6 0.2 5.9 0.2 0.0 0.0
5 27 26.0 2.3 14.8 0.4 3.7 0.2 0.0 0.0
6 15 26.7 1.9 20.0 0.4 6.7 0.5 0.0 0.0
7 8 37.5 1.5 37.5 0.4 0.0 0.0 0.0 0.0
8 2 50.0 1.0 100.0 1.5 0.0 0.0 0.0 0.0
9 2 100.0 2.5 100.0 2.5 0.0 0.0 0.0 0.0
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not account for seasonal variation and because the
sample size of 8- and 9-year-old fish was low.

The definitive hosts of adult trypanorhynchs are
elasmobranchs, suggesting that fourbeard rocklings
are consumed by elasmobranchs or act as paratenic
hosts. It is likely that barndoor skate, Raja laevis,
and thorny skate, Raja radiata, prey upon E.
cimbrius. Raja laevis and R. radiata >700 mm TL
forage primarily on fish that include hake, Urophycis
spp., and whiting, Merluccius spp., and may also feed
on cod and haddock (Bigelow and Schroeder, 1953;
McEachran et al., 1976). Because both Raja spp. con-
sume fishes with similar habits and are definitive hosts
for G. erinaceus (Margolis and Arthur, 1979), it is prob-
able that R. laevis and R. radiata prey upon E. cimbrius.

Acknowledgments

I am indebted to. J. G. Hoff, S. A. Moss, R. A.
Campbell, and K. Oliveira for their critical review
and guidance throughout this project. I am grateful
to the National Marine Fisheries Service Survey and
the Age and Growth Divisions in Woods Hole, MA,
and to the Massachusetts Division of Marine Fish-
eries for their collection assistance and use of equip-
ment. I would like to thank L. Measures for her assis-
tance in nematode identification. Special thanks are
given to L. Curran, R. P. Glenn, and J. A. and J. Fowler
for their efforts. This manuscript was part of a thesis
submitted in partial fulfillment of the requirements for
the M.S. degree in marine biology at the University of
Massachusetts, Dartmouth, and is dedicated to M. A.
Rousseau and V. A. Nordahl for inspiration.

Literature cited

Andrade, K. G., and C. P. Smith.
1988. Pollock, Pollachius virens. In J. Penttila and L. M.

Dery (eds.), Age determination methods for Northwest At-
lantic species, p. 37–40. U.S. Dep. Commer., NOAA Tech
Rep NMFS 72.

Battle, H. I.
1929. Effects of extreme temperatures and salinities on the

development of Enchelyopus cimbrius (L.). Contrib. Can.
Biol. Fish., new series, V(6):107–192.

1930. Spawning periodicity and embryonic death rate of E.
cimbrius (L.) in Passamaquoddy Bay. Contrib. Can. Biol.
Fish., new series, V:363–380. (also V(6):13.; V(7):361–380.)

Beamish, R. J., and G. A. McFarlane.
1987. Current trends in age determination methodol-

ogy. In R. C. Summerfelt and G. E. Hall. (eds.), The age
and growth of fish, p. 15–42. The Iowa State Univ. Press,
Ames, IA.

Bigelow, H. B., and W. C. Schroeder.
1953. Fishes of the Gulf of Maine. U. S. Fish. Wildl. Serv.

Fish. Bull. 74:234–238.

Brinkmann, A., Jr.
1988. Presence of Otodistomum sp. metacercariae in Nor-

wegian marine fishes. Sarsia. 73:79–82.
Campana, S. E., and C. M. Jones.

1992. Analysis of otolith microstructure data. In D. K.
Stevenson and S. E. Campana (eds.) Otolith microstruc-
ture examination and analysis, p. 73–100. Can. Spec.
Publ. Fish. Aquat. Sci. 117.

Carlander, K. D.
1981. Caution of the use of the regression method of back-

calculating lengths from scale measurements. Fisheries.
6:2–4.

Cohen, D. M., T. Inada, T. Iwamoto, and N. Scialabba.
1990. Gadiform fishes of the world (Order Gadiformes). FAO

Fish. Synop. 125, vol. 10:38–39. FAO, Rome.
Demir, N., A. J. Southward and P. R. Dando.

1985. Comparative notes on postlarvae and pelagic juve-
niles of the rocklings Gaidropsaurus mediterraneus, Rhino-
nemus cimbrius, Ciliata mustela and C. septentrionalis. J.
Mar. Biol. Assoc. U. K. 65(3):801–839.

Dery, L. M.
1988. Silver hake, Merluccius bilinearis. In J. Penttila and
L. M. Dery (eds.), Age determination methods for Northwest

Atlantic species, p. 41–48. U.S. Dep. Commer., NOAA
Tech Rep NMFS 72.

Dogiel, V. A.
1966. General parasitology, revised and enlarged by Y. I.

Polyanski and E. M. Kheisin. Academic Press. New York,
NY, 516 p.

Dogiel, V. A, G. K. Pertushevski, and Y. I. Polyanski (eds.).
1970. Parasitology of fishes. T. H. F. Publications, Inc.

Ltd., Neptune City, NJ, 384 p.
Fournier, D. A.

1983. Analysis of otolith microstructure data. In D. K.
Stevenson and S. E. Campana (eds.), Otolith microstruc-
ture examination and analysis, p. 73–100. Can. Spec.
Publ. Fish. Aquat. Sci. 117.

Gibson, D. I., and R. A. Bray.
1984. On Anomalotrema Zhukov, 1957, Pellamyzon Mont-

gomery, 1957, and Opecoelina Manter, 1934 (Digenea:
Opecoelidae), with a description of Anomalotrema koiae sp.
nov. from North Atlantic waters. J. Nat. Hist. 18:949–964.

Keats, D. W., and D. H. Steele.
1990. The fourbeard rockling, Enchelyopus cimbrius (L.),

in eastern Newfoundland. J. Fish. Biol. 37(5):803–811.
Langton, R. W., and R. E. Bowman.

1980. Food of fifteen northwest Atlantic gadiform
fishes. U.S. Dep. Commer., NOAA Tech. Rep. NMFS.
SSRF 740, 23 p.

Lear, W. H.
1983. Arctic cod: underwater world. In W. B. Scott and

M. G. Scott (eds.), Atlantic fishes of Canada, p. 260–
262. Can. Fish. Bull. Aquat. Sci. 219.

Linton, E.
1899. Fish parasites collected at Woods Hole in 1898. Bull.

Bur. Fish. Vol. XIX:267–304.
Lom, J., and M. Laird.

1969. Parasitic protozoa from marine and euryhaline fish
of Newfoundland and New Brunswick. I. Peritrichous
ciliates. Can. J. Zool. 47:1367–1380.

Margolis, L., and J. R. Arthur.
1979. Synopsis of the parasites of the fishes of Canada.

Bull. Fish. Res. Board Can. 199, 269 p.
Margolis, L., G. W. Esch, J. C. Holmes, A. M. Kuris, G. A. Shad.

1982. The use of ecological terms in parasitology. (Report



52 Fishery Bulletin 97(1), 1999

of an AD HOC committee of the American Society of
Parasitologists). J. Parasitol. 685(1):131–133.

Markle, D. F., D. A. Methven, and L. J. Coates-Markle.
1982. Aspects of spatial and temporal cooccurrence in the

life history stages of the sibling hakes, Urophycis chuss
(Walbaum 1792) and Urophycis tenuis (Mitchill 1815)
(Pisces:Gadidae). Can. J. Zool. 60:2057–2078.

Mattson, S.
1981. The food of Galeus melastomus, Gadiculus argenteus

thori, Trisopterus esmarkii, Rhinonemus cimbrius, and
Glyptocephalus cynoglossus (Pisces) caught during the day
with shrimp trawl in a West-Norwegian fjord. Sarsia.
66:109–127.

McEachran, J. D., D. F. Boesch, and J. A. Musick.
1976. Food division within two sympatric species-pairs of

skates (Pisces:Rajidae). Mar. Biol. 35:301–317.
Moller-Buchner, J., C .D. Zander, and D. Westphal.

1984. On the feeding habits of some demersal and
suprademersal fish from Fladen Ground, North Sea. Zool
Anz. 213(1–2):128–144.

Moyle, P. B., and J. J. Cech Jr.
1988. Fishes: an introduction to ichthyology. Prentice

Hall, Englewood Cliffs, NJ, 559 p.
Nagabhushanam, A. K.

1965. On the biology of the commoner gadoids in Manx
waters. J. Mar. Biol. Assoc. U. K. 45:615–657.

Odense, P. H., and V. H. Logan.
1976. Prevalence and morphology of Eimeria gadi (Fiebiger,

1913) in the haddock. J. Protozool. 23(4):564–571.

Pentilla, J.
1988. Atlantic cod, Gadus morhua. In J. Penttila and L.

M. Dery (eds.), Age determination methods for Northwest
Atlantic species, p. 31–36. U.S. Dep. Commer., NOAA
Tech Rep NMFS 72.

Pentilla, J., F. Nichy, J. Ropes, L. Dery, and A. Jerald Jr.
1988. Methods and equipment. In J. Penttila and L. M.

Dery (eds.), Age determination methods for Northwest At-
lantic species, p. 7–16. U.S. Dep. Commer., NOAA Tech
Rep NMFS 72.

Sakanari, J., and M. Moser.
1985. Infectivity of, and laboratory infection with, an elas-

mobranch cestode, Lacistorhynchus tenius (Van Beneden,
1858). J. Parasitol. 71 (6):788–791.

Secor, D. H., J. M. Dean, and E. H. Laban.
1992. Otolith removal and preparation for microstructural

examination. In D. K. Stevenson and S. E. Campana
(eds.), Otolith microstructure examination and analysis,
p. 19–57. Can. Spec. Publ. Fish. Aquat. Sci.

Tully, O., and P. O Ceidigh.
1989. The ichthyoneuston of Galway Bay (west of Ireland).

II. Food of post-larval and juvenile neustonic and
pseudoneustonic fish. Mar. Ecol. Prog. Ser. 51(3):301–310.

Tyler, A. V.
1972. Food resources division among northern, marine,

demersal fishes. J. Fish. Res. Board Can. 29:997–1003.
Wheeler, A.

1969. The fishes of the British Isles and North-west Europe.
Michigan State Univ. Press, East Lansing, MI, 613 p.


