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ABSTRACT: The diet of the common shrimp Crangon crangon (L.) was studied in Port Erin Bay (Isle
of Man, Irish Sea) by analysis of stomach contents, with comparison by season and size class of diet
composition and prey diversity. Monthly samples were taken from April 1995 to March 1998. Mysids
and amphipods together constituted the dominant prey, accounting for >60 % of the diet in both per-
cent occurrence and percent abundance. Mysids were most important irrespective of season or size
class. The small size group (<10 mm CL) tended to be more dependent on epifaunal and infaunal
organisms, reflecting ontogenic changes in diet. Trophic diversity and equality of diet varied with
season and size class, with highest values in spring. Diet composition differed among seasons and
size classes. Niche overlap index was higher between size classes (Schoener index: maximum = 0.83
in summer, minimum = 0.67 in autumn) than between seasons (Schoener index: maximum = 0.70
between summer and autumn, minimum = 0.46 between spring and winter). Shrimp size was signif-
icantly correlated with size of certain prey (e.g. Schistomysis spiritus and Gammarus sp.) though not
with size of infaunal prey (e.g. Iphinoé trispinosa and Corbula sp.). This is discussed in relation to
predator visibility, food availability and energy investment in handling prey. Feeding behaviour
was linked to moult stage, ovarian condition and season. During premoult and postmoult there was
low foregut fullness. Females carrying eggs and with advanced ovaries also displayed low full-
ness, suggesting that feeding activity is affected by the reproductive cycle. Fish otoliths in the stom-
achs showed that larger females (mainly >10 mm CL) prey on 0-group fish co-occurring in the study
area — plaice (Pleuronectes platessa), dab (Limanda limanda) and sandeel (Ammodytes tobiannus).
This suggests that predation by adult C. crangon can affect mortality of young fish in Port Erin Bay.
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INTRODUCTION

The common shrimp Crangon crangon (L.) is an
abundant species around the North and Irish Seas and
the English Channel in shallow waters with a sand or
mud substrate (Tiews 1970, Redant 1984). A wide
range of biological and ecological aspects of C. cran-
gon has been studied because of the shrimp's high
commercial value. Studies of its feeding habits indicate
that it is an ecologically important benthic predator
(Evans 1983, 1984, Pihl & Rosenberg 1984, Evans &
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Tallmark 1985, Reise 1978, 1985, Boddeke et al. 1986,
Beukema 1992), leading to a number of studies on the
impact of this species upon the structure and function
of the in- and epifauna (Kuipers & Dapper 1981, Evans
& Tallmark 1985, Jensen & Jensen 1985, Pihl 1985,
Hedqvist-Johnson & Andre 1991, Jonsson et al. 1993,
Nilsson et al. 1993, Bonsdorff & Pearson 1997, van der
Veer et al. 1998). C. crangon is generally a carnivorous
nocturnal predator that buries in the sediment during
the day (Lloyd & Yonge 1947, Pihl & Rosenberg 1984).
Feeding behaviour is similar to that of other crangonid
shrimps such as Crangon septemspinosa (Price 1962),
C. franciscorum and C. nigricauda (Wahle 1985), C.
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affinis (Kosaka 1970, Hong & Oh 1989) and C. allmani
(Allen 1960, 1966).

The main investigations into the diet of Crangon
crangon have been on the Swedish west coast (Pihl &
Rosenberg 1984) and in the North Sea (Allen 1966,
Boddeke et al. 1986). Pihl & Rosenberg (1984) noted
that diet composition was highly variable, both spa-
tially and seasonally. The important constituents of the
diet were infauna on the sandy silt bottom of the
Swedish west coast (Pihl & Rosenberg 1984), but
pelagic calanoid copepods on the sand bottom of the
Dutch west coast (Boddeke et al. 1986). Therefore the
diet of C. crangon is determined by the composition of
the benthic community and the abundance of available
prey, both of which are strongly correlated with sub-
strate type (Ansell et al. 1999). So different sediment
types lead to different feeding strategies within this
species. C. crangon have also been implicated as a
major predator of young plaice Pleuronectes platessa
(van der Veer & Bergman 1987).

Experiments in captivity have shown that feeding
activity is affected by physiological condition, such as
moulting and reproduction (e.g. Lloyd & Yonge 1947).
Other shrimps—Macrobrachium rosenbergii (De
Haan) (Harpaz et al. 1987) and Penaeus esculentus
(Wassenberg & Hill 1984) — show similar responses in
captivity. To date, however, there is no information
available on the diet of Crangon crangon in the Irish
Sea.

The study area (Port Erin Bay, Isle of Man, Irish Sea)
is a small embayment dominated by 2 predators, Cran-
gon crangon (Oh et al. 1999) and the plaice (Pleu-
ronectes platessa) (Nash et al. 1992, 1994). In the pre-
sent paper we examine: (1) the natural diet of C.
crangon in Port Erin Bay, (2) seasonal changes of diet
in different size groups, (3) prey size selection, and
(4) the effects of some life history factors on feeding
activity. We also discuss the interaction between C.
crangon and co-occurring young fish.

MATERIALS AND METHODS

Sampling. Samples of Crangon crangon were ob-
tained during routine weekly or monthly (depending
on the weather) sampling between April 1995 and
March 1998 in Port Erin Bay, Isle of Man (54°05'N,
4°54' W), Irish Sea. The bay has a sand and gravel sub-
strate (Pirrie et al. 1932, Bruce et al. 1963). All individ-
uals were collected between 0 and 6 m below chart
datum. A 1.5 m beam trawl with a fine mesh inner cod-
end (3 x 3 mm) was used between April and June, and
a 2 m beam trawl with a cod-end liner (6 x 6 mm) dur-
ing the rest of the year. Five transects were sampled,
orthogonal to the shore, covering an area of 1850 m?,

Specimens of C. crangon were fixed in 4 % neutralised
formalin and, after 24 h, stored in 70 % alcohol. Stom-
ach contents of C. crangon were identified in 2595
individuals ranging in carapace length from 7.6 to
17.5 mm (see Oh et al. 1999).

Laboratory analysis. The following data were re-
corded for each shrimp: carapace length (CL, the
shortest distance between the posterior margin of orbit
and the mid-dorsal posterior edge of the carapace);
sex, based on examination of the endopod of the first
pleopods and the presence of the appendix masculina
or egg-carrying setae; and gonad maturation stage
following the criteria of Meredith (1952). Moult condi-
tion was distinguished as 3 stages —postmoult (Stage
A & B), intermoult (Stage C) and premoult (Stage D) —
based on the setogenic development of the uropods,
following Smith & Dall (1985).

To evaluate the effects of season, sex, moulting stage
and reproductive condition on stomach fullness, the
relative degree of stomach fullness was assessed visu-
ally and each foregut was assigned to 1 of 5 categories
derived from the points method described by Wear &
Haddon (1987): a category representing 95 to 100 % of
foregut contents was given 100 points; <95 and >65 %,
75 points; <65 and >35%, 50 points; <35 and >5 %,
25 points; and 5 % or less, 2.5 points.

Prey items in the stomachs were determined to the
lowest taxonomic level possible. Specimens with <2.5
points were excluded from analyses, and sand was
excluded as a prey category. Prey were determined as
both present or absent, and as a proportion of the num-
ber of points assigned for the stomach fullness (i.e.
abundance). Diet was determined for 4 seasons: spring
(March to May), summer (June to August), autumn
(September to November) and winter (December to
February). Two size classes—small (<10 mm CL) and
large (>10 mm CL)—were discriminated. To investi-
gate the relationship between predator size and prey
size, the body sizes of 4 prey items were measured:
carapace length for mysids (Schistomysis spiritus) and
cumaceans (Iphinoé trispinosa), cephalon length for
amphipods (Gammarus sp.) and shell width for
bivalves (Corbula sp.).

Data analysis. Numerous indices have been used for
describing the importance of different prey in the diet
of fish (Hynes 1950, Hyslop 1980). The percent fre-
quency of occurrence (F) and relative abundance (A)
for each type of prey were estimated by the following
formulae:

%F = (n;/N) x 100 (1)

%A = (S/Sy) x 100 2)

where n; is the number of shrimps with prey i in their
stomach, N the total number of shrimps with stomach
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contents, S;the number of prey i and S, the total num-
ber of prey items.

Trophic diversity (H') in diet was calculated by sea-
son and size class according to the Shannon-Wiener
index (Cody & Diamond 1975). Diet equality was also
calculated for the different size classes and seasons,
using Pielou's evenness index (Pielou 1975).

The degree of food niche overlap was calculated
using Schoener's (1970) index (R,). Values of R, range
from O (no overlap) to 1 (complete overlap). When
there is dietary overlap, index values <0.8 are consid-
ered to be indicative of major differences (Cartes &
Sarda 1989). This index was used to establish dietary
affinities between different seasons and size classes.

Statistical analysis. Three-dimensional (log-linear)
contingency tables were used to test seasonal variation
in the diet of different size classes (Zar 1984). When the
3 factors were mutually associated, further partial
association tests between factors were carried out.

Two-way contingency table analyses were employed
to test for independence between prey types and sea-
son or size groups. This statistical technique is simple
and can readily identify the source of variation when
diets are expressed numerically or according to pres-
ence/absence (Crow 1982, Cortés 1997). To avoid too
many cells having expected frequencies <5 (Sokal &
Rohlf 1995), some prey categories were pooled into
a larger category. This statistical procedure was also
applied to association testing between stomach full-
ness and factors related to life history (sex, moult stage
and gonad maturity) and feeding activity.

RESULTS
Size composition

Seasonal size distributions of the Crangon crangon
analysed for diet are given in Fig. 1. A total of 2595
individuals were used for this study. A Kolmogorov-
Smirnov 2-sample test showed that there were no sig-
nificant differences in size distribution among seasons
(Table 1).

Table 1. Crangon crangon. Kolmogorov-Smirnov 2-sample
test for frequency distribution of size between pairwise
seasons. In parentheses d,., (maximum differences) values

Spring Summer Autumn

Spring

Summer p > 0.06 (0.545)

Autumn p >0.06 (0.545) p>0.1(0.455)

Winter p>0.10 (0.455) p>0.7 (0.273) p>0.4(0.364)
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Fig. 1. Crangon crangon. Seasonal size structure of individu-
als examined for stomach content analysis

Diet composition

Of the 2595 stomachs examined, 1231 (51.9 %) regis-
tered >2.5 points on the stomach fullness scale. Mysids
(mainly Schistomysis spiritus) and amphipods (mainly
Gammarus sp.) were the most important food items
overall, both being present in >25% of the foreguts
examined and comprising >25% of total prey abun-
dance (Table 2, Fig. 2). The other prey categories con-
tributed only small proportions to the diet.

Difference of diet by season and size class
Mysids and amphipods were the predominate prey

items in spring (Fig. 3), when these 2 items combined
accounted for >40% of the diet according to both
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abundance and occurrence. Both indices highlighted
their increasing importance through the year, domi-
nating the diet in summer (ca 50 %) and autumn (ca
60%). In winter mysids alone dominanted the prey
(>50%). Other items, such as isopods, molluscs,

cumaceans (Iphinoé trispinosa) and other crustaceans
(copepods, cypris larvae, crab postlarvae), declined in
relative importance from spring through winter. The
grand total x2- and G-values indicate a significant dif-
ference (df = 30, p < 0.001) in the seasonal proportions

Table 2. Crangon crangon. Diet composition in the 4 seasonal groups and 2 size groups (%F, frequency of occurrence; %N,
percentage abundance)

Season Spring Summer Autumn Winter
Size class Small Large Small Large Small Larger Small Larger
No. examined 107 94 165 81 334 268 122 175
Prey items %F %N  %F %N %F %N %F %N %F %N %F %N %F %N %F %N
POLYCHAETA - - 106 41 36 37 49 21 09 06 22 12 08 04 120 64
CRUSTACEA
Mysidacea

Schistomysis spiritus 374 12.1 404 174 29.1 199 259 19.8 359 279 57.5 54.8 63.1 49.1 61.1 57.2

Praunus flexuosus 50 11 11.7 58 85 50 111 68 63 37 37 27 66 38 06 04

Praunus sp. 28 05 32 25 1.8 1.3 49 1.7 21 11 1.5 06 16 1.1 - -

Unidentified 50 32 32 17 - - 49 21 51 41 41 32 82 53 149 111
Amphipoda

Gammarus sp. 42.1 137 149 74 303 369 284 354 252269 112 148 107 79 51 4.0

Corophium sp. 50 16 32 1.7 91 76 49 25 42 4.7 1.5 14 25 19 23 13

Unidentified 252 105 255116 36 26 12 08 51 44 1.5 09 08 04 06 04
Isopoda

Idotea neglecta 28 58 32 99 36 24 49 34 24 13 37 21 - - 1.7 11

Idotea emarginata 28 0.5 - - - - 1.2 04 - - 04 0.2 1.6 0.8 0.6 0.2

Idotea sp. - - 74 2.5 - - 1.2 04 - - 0.7 0.8 - - - -

Unidentified 28 1.1 11.7 33 - - - - 06 04 04 05 - - 1.1 09
Cumacea

Iphinoé trispinosa 21.5 12.1 N N 6.7 5.5 N - 78 88 07 06 25 19 - -
Decapoda

Crangon crangon - - 74 3.3 1.2 0.5 6.2 34 03 0.2 19 1.1 - - 0.6 0.2

Philocheras trispinosus - - 74 1.7 06 0.3 1.2 0.8 - - 22 038 1.6 0.8 34 28

Hippolyte varians 28 0.5 - - - - - - - - - - - - 1.1 04
Other crustaceans

Copepoda 103 53 32 1.7 91 55 1.2 04 1.8 2.2 - - 1.6 1.1 0.6 0.2

Crab postlarvae - - 74 2.5 - - 49 2.1 1.2 0.7 04 0.3 - - - -

Cypris larva 50 6.3 3.2 25 1.8 1.0 - - 21 1.5 0.7 0.3 - - - -

Digested crustaceans 10.3 53 11.7 4.1 06 03 25 13 1.5 1.2 1.5 1.7 16 23 23 1.7
MOLLUSCA
Bivalvia

Corbula sp. 7.5 32 43 17 1.2 05 25 08 1.8 09 22 18 08 30 69 34

Dosinia sp. 50 21 32 08 1.2 1.0 - - 1.2 0.7 - - 0.8 0.8 - -

Musculus discors - - 32 0.8 1.2 0.8 1.2 04 03 01 04 02 08 04 - -
Gastropoda

Cima sp. 28 1.1 - - - - - - - - 04 0.2 4.1 75 1.7 0.6

Lunatia sp. 2.8 0.5 - - - - - - 1.5 11 - - 49 3.8 1.1 0.4

Abra sp. 122 42 11.7 4.1 0.6 0.5 - - 30 24 34 18 25 19 29 19
NUDIBRANCHIA - - - - 0.6 0.5 - - 03 0.1 19 08 08 04 06 0.2
FORAMINFERA - - 32 1.7 06 05 49 30 09 06 04 03 - - - -
NEMATODA 15.0 6.3 - - - - - - 03 03 04 03 08 11 0.6 0.2
PISCES

Fishes - - 18.1 4.1 24 10 198 7.2 1.8 07 82 35 25 11 9.1 34

Fish eggs - - - - 06 0.3 25 1.7 - - - - - - - -
ALGAE 75 32 74 33 30 24 74 34 27 31 37 30 41 34 1.7 11
INSECTA - - - - 0.6 0.5 - - 03 01 04 03 - - 06 04
Unidentified remains 75 21 149 50 06 1.0 12 08 06 0.5 1.1 0.8 1.6 1.5 1.1 0.6
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Table 3. Crangon crangon. Contingency table analysis of the seasonal variation of 11 different categories of food items found in
the stomachs. Values are total number of prey observed in each season, with expected values given in parentheses. x*- and
G-statistics are highly significant (***p < 0.001)

Prey type Spring Summer Autumn Winter N; X2 G;
Polychaeta 5(7) 19 (13) 4 (34) 31 (15) 69 31.14 30.55
Mysidacea (143) 172 (278) 766 (733) 480 (330) 1483 152.51 161.10
Amphipoda 4 (83) 272 (162) 466 (428) 54 (192) 866 178.47 205.72
Isopoda 3 (10) 19 (20) 40 (51) 12 (23) 104 60.81 42.06
Cumacea ( 3) 21 (26) 90 (69) 5(31) 139 36.20 46.30
Decapoda 7 (9) 13 (10) 14 (25) 18 (12) 52 10.83 11.17
Other crustaceans 45 (16) 35 (32) 71 (83) 18 (38) 169 63.31 49.13
Mollusca 30 (20) 14 (39) 84 (102) 78 (46) 206 46.70 47.30
Pisces 5(8) 26 (15) 30 (40) 19 (18) 80 11.45 10.32
Algae 10 (9) 17 (17) 50 (45) 14 (20) 91 2.65 2.86
Miscellaneous 24 (8) 17 (15) 26 (40) 13 (18) 80 40.79 28.98
N; 321 625 1551 742 3339

X2 196.15 144.01 43.65 251.06 634.86***

G; 155.73 140.81 48.79 290.16 635.49***

of prey types consumed (Table 3). Among prey types,
the main source of variation comes from amphipods
(x* = 178.47) and mysids (X% = 152.51), as demonstrated
by the seasonal changes of prey items. Among seasons,
the main source of variation is winter (x* = 251.06). The
important food items (i.e. amphipods and mysids),
along with the minor food items, contribute to the
seasonal difference in diet. The post hoc contingency
table analysis revealed that eliminating the major
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Fig. 2. Crangon crangon. Relative importance of major stom-
ach contents in overall diets for all combined samples ir-
respective of season and size class (Alg, algae; Amp,
amphipods; Cum, cumaceans; Dec, decapods; Iso, isopods;
Mis, miscellaneous; Mol, molluscs; Mys, mysids; Pis, fish; Pol,
polychaetes; Otc, other crustaceans)

source of variability from rows and columns did not
suffice to yield a nonsignificant x? (Table 4).

Diet composition in the 2 size classes—small
(<10 mm CL) and large (>10 mm CL)—is shown in
Fig. 4. For small shrimps, mysids and amphipods com-
bined comprised >60 % of prey, in both abundance and
occurrence. For large shrimps, mysids were clearly
dominant. The proportion of other food categories was
marginally higher in small compared to large shrimps.
In small shrimps, the benthic components, molluscs
(bivalves and gastropods) and cumaceans (Iphinoé
trispinosa), ranked as third and fourth most important
prey items respectively. In large shrimps, decapods
and fish ranked as the third most important prey items
by percent abundance and percent occurrence,
respectively. There was a significant difference (df =
10, p < 0.001) (see Table 5) in the proportions of prey
types consumed by the 2 size classes. Among prey
types, the main sources of variation were Cumacea
and Amphipoda. The posthoc contingency table analy-

Table 4. Crangon crangon. Results of post hoc contingency

table analysis (log-likelihood) of the seasonal variation of 11

different categories of food items found in the stomachs after
elimination of selected rows and/or columns

Row(s) or column(s) Significance Sample
eliminated of x2 size
Amphipoda <0.001 2473
Amphipoda, Mysidacea <0.001 990
Amphipoda, Mysidacea, <0.001 717
other crustaceans

Winter <0.001 2597
Winter, Amphipoda <0.001 1785
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Fig. 3. Crangon crangon. Relative importance of major stomach contents for
samples pooled by season: spring, summer, autumn and winter. See Fig. 2 for
key to abbreviations

sis for prey types, however, revealed
significant differences despite elimi-
nation of most prey types in the order
of prey types with high variation
source (Table 6). This indicates that,
except for a few food items (i.e. algae
and miscellaneous categories), most of
the prey types contribute to the varia-
tion between size classes.

There were significant interactions
between the prey items, the size
classes of shrimp and the seasons
(Table 7). Significant interactions also
occurred with partial associations
(Table 7).

Relation between predator size and
prey size

There were highly significant posi-
tive relationships between Crangon
crangon size and prey size for mysids
(Schistomysis spiritus) and amphipods
(Gammarus sp.), but not for cuma-
ceans (Iphinoé trispinosa) nor bivalves
(Corbula sp.) (Table 8).

Trophic diversity and equality

Trophic diversity was generally low
(Fig. 5A). For both size classes diver-
sity was highest in spring, with little
pattern during the rest of the year. No

Table 5. Crangon crangon. Contingency table analysis of the size class variation of 11 different categories of food items found in
the stomachs. Values are total number of prey observed in each size, with expected values given in parentheses. x?- and G-
statistics are highly significant (***p < 0.001)

Prey type Small Large N; X2 G;
Polychaeta 21 (38) 48 (31) 69 16.76 16.90
Mysidacea 650 (815) 833 (668) 1483 74.17 73.69
Amphipoda 609 (476) 257 (390) 866 82.61 85.84
Isopoda 42 (57) 62 (47) 104 8.92 8.88
Cumacea 135 (76) 4 (63) 139 99.83 131.74
Decapoda 8 (29) 44 (23) 52 32.89 35.11
Other crustaceans 123 (93) 46 (76) 169 21.69 22.76
Mollusca 132 (113) 74 (93) 206 6.92 7.05
Pisces 15 (44) 65 (36) 80 42.36 44.43
Algae 54 (50) 37 (41) 91 0.71 0.71
Miscellaneous 46 (44) 34 (36) 80 0.21 0.21
Ni 1835 1504 3339

X2 174.35 212.73 387.08***

G; 178.73 248.59 427.31***
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Table 6. Crangon crangon. Results of post hoc contingency table analysis (log-linear) of the seasonal variation of 11 different
categories of food items found in the stomachs, after elimination of selected rows

Row(s) or column(s) Significance Sample Coefficient of
eliminated of x? size  association (@)
Cumacea p <0.001 3200 0.296
Cumacea, Amphipoda p <0.001 2334 0.245
Cumacea, Amphipoda, Mysidacea p <0.001 851 0.385
Cumacea, Amphipoda, Mysidacea, Pisces p <0.001 771 0.338
Cumacea, Amphipoda, Mysidacea, Pisces, Decapoda P <0.001 719 0.272
Cumacea, Amphipoda, Mysidacea, Pisces, Decapoda, other crustaceans p <0.001 550 0.245
Cumacea, Amphipoda, Mysidacea, Pisces, Decapoda, other crustaceans, polychaetes p =0.001 481 0.183
Cumacea, Amphipoda, Mysidacea, Pisces, Decapoda, other crustaceans, polychaetes p=0.014 275 0.176

appreciable differences were observable between size
classes in any season. Trends were similar for diet
evenness (Fig. 5B).
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Fig. 4. Crangon crangon. Relative importance of major stom-

ach content items for samples pooled by size classes: small

(<10 mm CL) and large size (>10 mm CL). See Fig. 2 for key
to abbreviations

The higher index values in spring indicated that the
prey items consumed were more evenly distributed, as
demonstrated by the relative importance of seasonal
diet composition. In other seasons, shrimp were more
dependent on a few prey items with a lesser contribu-
tion from others.

Dietary niche overlap

Niche overlap (R,) was higher among size classes
within seasons than among seasons (Table 9). The
Spearman rank coefficients were all significant. The
maximum value occurred when the small and large

Table 7. Crangon crangon. Three-dimensional contingency

table (log-linear) analysis testing for seasonal differences in

the diet composition between 2 size-classes [R, row factor

(11 prey types); C, column factor (2 size-classes); T, tier factor
(4 seasons)]

Factor Likelihood ratio df p

X2 statistic

Mutual independence

RxCxT 390.51 73 <0.001
Partial independence

R x (CT) 322.64 70 <0.001
C x (RT) 111.96 43 <0.001
T x (RC) 276.85 63 <0.001

Table 8. Crangon crangon. Regression analysis between
shrimp size (x) and prey size (y) for 4 prey items (ns, not
significant)

2

Prey n Regressions r P

Schistomysis spiritus 37 y=1.104 + 0.185x 0.341 <0.001
Gammarus sp. 43 y=0.483 + 0.273x 0.398 <0.001
Iphinoé trispinosa 20 y=1.149 + 0.028x 0.031 ns
Corbula sp. 29 y=1.350+0.019x 0.016 ns
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Fig. 5. Trophic diversity (A) and equality (B) of prey items
found in small and large size classes of Crangon crangon at
each season

size classes were compared in sum-
mer, and, seasonally, in the summer to
autumn comparison. All the R, values
indicate a considerable similarity in

Stomach fullness was lower in ovigerous females
(Table 11, Fig. 6), which were a main source of varia-
tion, whilst patterns of fullness were similar between
males and non-ovigerous females. When females with
different ovarian condition were compared, stomach
fullness declined from immature to mature individuals,
indicating that feeding activity is affected by reproduc-
tive condition.

Over the moult cycle there was a significant 2-factor
(fullness x moult stage) interaction (Table 11, Fig. 6).
During premoult and postmoult less food was ingested
than during intermoult. The percentage of shrimps
with <2.5 points fullness was 36 % in postmoult, 40 %
in premoult and 8% in intermoult. These results are
confirmed by the largest x? values (x* = 62.65) for 2.5
points among the levels of fullness (Table 11).

Predation by shrimp on young fish

A total of 74 fish remains (i.e. fish bodies and otoliths)
were observed in 72 stomachs of Crangon crangon
ranging from 7.2 to 15.8 mm CL (Fig. 7). Occurrence
was mainly in shrimp of 11 to 15 mm CL, with a peak in
the 12 to 14 mm CL class. There was a significant dif-
ference between size classes in the level of occurrence
(G-test: X2 = 20.47, df = 8, p < 0.01).

Table 9. Crangon crangon. Niche overlap between the 2 size classes in each sea-
son, and between seasons, using Schoener overlap index (R,) and Spearman
rank correlation (rg) (in parentheses). *p < 0.05, **p < 0.01, ***p < 0.001

diet.
Size group Spring Summer Autumn Winter
Eifects of season, sex, moult stage Spring 0.792 0.593 0.593 0.462
and ovarian condition on stomach (0.3747) (0.5377%)  (0.7867*")  (0.445")
fullness Summer 0.828 0.703 0.703
(0.399%) (0.733***) (0.598**)
There were significant effects of sea- Autumn 0.668 0.669
son, sex, moult stage and ovarian con- _ (0.658™"7) (0.569)
dition on stomach fullness (Table 10). Winter (00575514‘)
Shrimps with <2.5 points fullness were '

most frequent in spring and gradually
decreased from summer through au-
tumn to winter. In contrast, shrimps
with >75 points increased from spring
to winter (Fig. 6). The major sources of
variation arose from those with >75
points, and, among seasons, from sum-
mer and spring (Table 11). There were
important seasonal changes in feeding
activity which were reflected in an in-
crease in stomach fullness in autumn
and winter.

Table 10. Crangon crangon. Summary of (log-linear) contingency table analysis
of season (4 levels), sex (3 levels), moult cycle (3 levels) and reproductive condi-
tion (3 levels) for 5 different categories of stomach fullness

Comparison Likelihood ratio df P Coefficient of
x? statistic association (¢)
Fullness x season 69.84 12 <0.001 0.184
Fullness x sex 89.13 8 <0.001 0.210
Fullness x moult cycle 146.77 8 <0.001 0.140
Fullness x reproductive condition  22.05 8 <0.01 0.278
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Fig. 6. Crangon crangon. Stomach fullness for different
seasons, sexes, moult stages and reproductive conditions

(ovarian maturation based only on female sample)

There were seasonal variations in the occurrence of
fish remains in shrimp stomachs. Percentage occur-

rence was higher in autumn (39 %), summer (30 %) and
spring (26 %) than in winter (6 %). Significant differ-

ences were found between seasons (G-test: X = 15.20,

df =3, p < 0.01).

Female Crangon crangon showed greater prefer-
ence for fish than did males. Females accounted for

86 % of the total fish (mainly otoliths) found (76 % non-
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Fig. 7. Percentage occurrence of fishes by size class of Cran-
gon crangon. Values above histogram blocks are observed
numbers of fishes

ovigerous females and 10 % ovigerous females), while
males accounted for only 12%. G-test revealed a sig-
nificant difference in the occurrence of fish among
males, non-ovigerous females and ovigerous females
(x2 = 30.40, df = 2, p < 0.001), indicating that non-
ovigerous females were mainly responsible for preda-
tion on fish.

DISCUSSION

The diet of Crangon crangon consisted of 3 pre-
dominantly bottom-dwelling categories: (1) demersal
organisms (mysids, shrimps, fish, etc.); (2) epifaunal
organisms (amphipods, isopods, gastropods, etc.); and
(3) infaunal organisms (bivalves, cumaceans, foramin-
fera, nematoda, etc.). This diet, although including a
diversity of prey, was dominated in all seasons by
mysids and amphipods. Mysids, which are highly
abundant in Port Erin Bay (Bruce et al. 1963), were
invariably the most important prey category for all sea-
sons and size groups. This carnivory on bottom-
dwelling organisms by C. crangon is typical of crango-
nid shrimps—see Crangon affinis De Haan (Kosaka
1970, Hong & Oh 1989), C. allmani (Allen 1960), C.
crangon (Lloyd & Yonge 1947, Pihl & Rosenberg 1984)
and C. fraciscorum and C. nigricauda (Wahle 1985).

In the present study, mysids dominated the diet irre-
spective of season and size of shrimp, but this is not the
case elsewhere: substrate types exert an influence. In
areas with silt and clay, important components were
meiofauna (ostracods, harpacticoids) and macrofauna
(Mya arenaria, Cardium edule, Nereis spp., Coro-
phium volutator) (Pihl & Rosenberg 1984), whilst on
sand, calanoid copepods dominated (Boddeke et al.

1986). Spatial and temporal availability of prey is con-
sidered the most important factor affecting the diet of
both C. crangon (Tiews 1970, Pihl & Rosenberg 1984)
and other Crangon spp. (Wilcox & Jeffries 1974, Wahle
1985).

In the current study mysids were the dominant food
item for both small and large shrimps, but the smaller
categories were more dependent on benthic prey, the
larger ones on demersal organisms. A similar trend has
been seen in other studies on Crangon crangon (Evans
1983, Pihl & Rosenberg 1984, del Norte-Campos &
Temming 1994). Changes in diet with size have also
been observed in other crangonids— Crangon fracis-
corum and C. nigricauda in San Francisco Bay (Wahle
1985).

Various studies have shown that the size of inverte-
brate prey tends to increase with predator size (Menge
& Menge 1974, Birkeland 1974, Kohn & Nybakken
1975, Levinton 1982), and this is generally true of cran-
gonids — Crangon crangon (Tiews 1970, Pihl & Rosen-
berg 1984) and C. franciscorum and C. nigricauda
(Wahle 1985). In our study, predation by C. crangon on
mysids (Schistomysis spiritus) and amphipods (Gam-
marus sp.) was significantly size dependent, but pre-
dation on cumaceans (Iphinoé trispinosa) and bivalves
(Corbula sp.) was not. This suggests that prey size
selectivity is effective for demersal and epifaunal prey,
but not for infauna. A similar divergence in strategy
was found in the blue crab Callinectes sapidus (Blun-
don & Kennedy 1982a,b, West & Williams 1986, Stoner
& Buchanan 1990, Hsueh et al. 1992). Distinct prefer-
ences were shown for particular size classes of some
visually hunted nektonic and epifaunal prey, presum-
ably because of the smaller energy investment needed
for capture. However, there was little size selection for
infauna, the excavation of which requires greater
energy. Nevertheless, in the Dutch Wadden Sea and
on the Swedish coast, several studies have shown that
predation by C. crangon on infauna such as Macoma,
Cerastoderma and Mya can be size selective (Pihl &
Roseneberg 1984, Jensen & Jensen 1985, Keus 1986,
Beukema et al. 1998, van der Veer et al. 1998). In these
highly productive sediments (Moéller et al. 1985) bi-
valve spat is very dense, which may make size selec-
tion cost effective.

Trophic diversity indices varied little among size
classes, but were higher in spring than in other sea-
sons, a likely consequence of a seasonal increase in
diversity of prey items. In all seasons a high food niche
overlap indicated intraspecific competition between
size groups—a result also found in the laboratory
(Nilsson et al. 1993). Interspecific competition is also
indicated. A comparison between the diet of Crangon
crangon and the 5 dominant fish in the same area over
the same periods (S. de la Rosa, unpubl. data, Port Erin
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Table 12. Dietary overlap index (R,) between Crangon cran-

gon (Cc) and 5 dominant species in Port Erin Bay, using

unpublished data (Pl, Pleuronectes platessa; Mm, Merlangius

merlangus; Gm, Gadus morhua; Pv, Pollachius virens; Pp,
Pollachius pollachius)

Species Pl Mm Gm Pv Pp

Cc 0.759 0.592 0.564 0.471 0.402

Marine Laboratory) (Table 12) showed the largest food
niche overlap between C. crangon and plaice Pleu-
ronectes platessa. On the Swedish coast, Evans (1983)
and Pihl (1985) also found a large niche overlap
between these 2 species.

Stomach fullness was affected by both extrinsic (sea-
son) and intrinsic (sex, ovarian development, moult
cycle) factors, and was relatively low in spring and
summer, the main reproductive period (Lloyd & Yonge
1947, Meredith 1952, Henderson & Holmes 1987).
Females carrying eggs or with advanced ovarian
development show reduced feeding activity (Plagman
1939, Lloyd & Yonge 1947) for 2 reasons: (1) ovigerous
decapods cannot moult until the eggs hatch (Hartnoll
1982, 1985), which reduces the stimulus for feeding;
and (2) the large size of the ripening ovaries (Mere-
dith 1952, Haefner & Spaargaren 1993, Spaargaren &
Haefner 1998) constrains the space for stomach expan-
sion. Lower values of stomach fullness occur in the
postmoult and premoult stages. This has been
observed in other shrimps (Wassenberg & Hill 1984,
Harpaz et al. 1987), lobsters (Chittleborough 1975) and
crabs (Hill 1976, Williams 1982, Abell6 & Cartes 1987,
O'Halloran & O'Dor 1988, Norman & Jones 1992,
Freire & Gonzalez-Gurriaran 1995, Freire 1996). The
difference tends to be less clearcut in carideans,
because the intermoult stage is generally much shorter
relative to the duration of the moult cycle, than in
brachyurans (Passano 1960, Scheer 1960). The pre-
moult stage (D) in carideans generally comprises over
two-thirds of the moult cycle (Scheer 1960, Smith &
Dall 1985).

Between spring and autumn, fish remains were com-
mon in the stomachs of larger shrimps. Otolith identifi-
cation shows that the prey were 0-group specimens of
plaice Pleuronectes platessa, dab Limanda limanda
and sand eel Ammodytes tobianus (A. J. Geffen, pers.
comm., Port Erin Marine Laboratory), suggesting that
predation by Crangon crangon may be 1 of the factors
in the study area affecting survival of newly settled 0-
group fish. This has been shown for plaice in the North
Sea (Arndt & Nehls 1964, van der Veer 1986, van der
Veer & Bergman 1987, Cushing 1996) and on the west
coast of Scotland (Ansell et al. 1999). Thus, van der
Veer & Bergman (1987) demonstrated by enclosure

experiments that shrimps were the predators responsi-
ble for density-dependent mortality of plaice. Similar
observations have been published for the sevenspine
bay shrimp Crangon septemspinosa preying on the
flounder Pleuronectes americanus (Bertram & Leggett
1994, Witting & Able 1995). However, the interactions
between the shrimps and co-occurring fish are in fact
much more complicated, because shrimps and fish
function as both prey and predators for each other at
different stages of their life histories.
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