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Abstract

To make a first approach in the assessment of the sea urchin predators in the Azores, the diet of white degitodam (
sargug and ballan wrasse_@brus bergylty, were studied by the analyses of their stomach contents. The white seabream
is a diurnal omnivore, feeding on algae, sea-urchins, worms, gastropods and amphipods, while ballan wrasse fed mainly on
echinoderms (sea-urchins), gastropods and decapods. Both species tended to feed on harder prey, such as echinoderms ar
gastropods, as they grew. Although both species feed upon similar resources, the diet overlap was low. This study shows that the
white seabream and the ballan wrasse are important predators of sea-urchins in Azorean coastal habitats. Furthermore, largel
fish account for most of the predation on sea-urchins. Thus, a reduction in the abundance and mean size of fishes, which is a
typical consequence of fishing, may significantly decrease predation on sea-urchins and could thus facilitate their proliferation.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Feeding ecology; Diet; Trophic cascade; Sea-urchin; Azores fishery; White sealdgdodus sargusBallan wrasselabrus
bergylta

1. Introduction of predatory fish, a subsequent population destabiliza-
tion in lower levels (primary consumers, macroalgae)
The of role predators in controlling populations of is to be expected via trophic interactions in a pro-
species in lower trophic levels has been long seen as acess known as trophic cascadeolis et al., 200D
major structuring factor in benthic marine communities Because ecological interactions and population dynam-
(Shears and Babcock, 200% a major shift in this bal- ics are typically more complex and unpredictable than
ance occurs, for example as a result of intensive harvestclassical predator—prey models, such shifts might fur-
ther stabilize systems in an alternate st&stés and
~* Corresponding author. Tel.: +351 292 200 400; Duggins, 1995 : . .
fax: +351 292 200 411. An example of trophic cascades is the sea urchin-
E-mail addresstelmo@notes.horta.uac.pt (T. Morato). based cascade, which has recently attracted attention
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from investigators in coastal areas of temperate regionstors especially amongst vulnerable species; (ii) ver-

(Sala et al., 1998a; Pinnegar et al., 2000; Shears andifying the keystone role of sea-urchins by grazing

Babcock, 2002, 2003 These studies concluded that macroalgae beds; (iii) quantifying the trophic dynam-

the fisheries-related decline of predatory fish that are ics of the cascade. This paper focuses on the first

important sea urchin predators was responsible for sub- objective.

sequent increases in sea urchin populations, which In the Mediterranean Sea, sparids (maibliplo-

by overgrazing then led to the reduction in erect dus sargusLinnaeus 1758) and labrids are the major

algal assemblages and their subsequent substitutionpredators of sea urchins therefore playing a major

by crustose corallinesS@la and Zabala, 1996; Shears role in controlling their abundance and effects on

and Babcock, 20021n addition, a negative feedback benthic communitiesSala and Zabala, 1996; Sala,

mechanism might have contributed to prevent local 1997. The white seabrean( sargus and the ballan

recovery of predator populations: once a population wrasse [(abrus bergyltaAscanius 1767), two of the

of sea urchins has developed and established itself,most locally common benthic dwellers in the islands

food resources for fish that also eat algae and epi- (unpublished dafd, are known to feed heavily on

fauna can drop below the minimum threshold necessary benthic invertebrates in other are&3ufgnard, 1966;

for population developmentMcClanahan and Sala, Voss, 1975; Dipper et al., 1977; Joubert and Hanekon,

1997. Therefore, knowledge of the dynamics of these 1980; Rosecchi, 1985; Coetzee, 1986; Michel et al.,

sea urchin cascades is very important for fisheries- 1987; Mann and Buxton, 1992; Deady and Fives, 1995;

or conservation-based management of coastal ecosysSala and Ballesteros, 199@&nd the white seabream

tems. was even the most important species involved in the
In oceanic islands, trophic cascade events are likely Mediterranean sea-urchin casca&alé and Zabala,

to result in fast and dramatic changes in benthic com- 1996; Sala, 1997 These two species are targeted by

munities due to the reduced availability of coastal habi- the coastal artisanal fishery, and a recent increase in

tats and to their reduced diversityl¢ris et al., 1991; exports of coastal species suggest a possible increase

Briggs, 1999 that potentially magnifies interspecific in their captures. Hence, these two species are good

trophic relationships. This was most probably the case candidates for sea-urchin feeders and controllers.

in Madeira Island, where a drastic reduction in seden-  The specific purpose of this study was to examine the

tary coastal fish due to heavy fishing has preceded diet of white seabream and ballan wrasse, and analyse

an outbreak of sea urchins and the permanent scarcetheir phenological and ontogenetic variations. Addi-

ness of erect algal assemblages in the shallower stratationally, this study aims to examine the diet overlap

(Alves et al., 2001 Unfortunately, there are no studies between these two species. This information is then

directly addressing this question. In the Azores there used to discuss their effect in sea-urchins and benthic

are no sea-urchin cascades reported to date. Yet, its beneommunities.

thic community structure presents high similarity with

Madeira, Canaries and, to a lesser extent, the Mediter-

ranean l(loris et al., 1991; Briggs, 1995; Santos et al., 2. Material and methods

1995. Sea-urchins are locally abundant and among the

most important invertebrate grazers in shallow com- 2.1. Sampling

munities and most probably compete for resources

with other grazers, including commercially important White seabream and ballan wrasse were collected by

species such as parrotfish and limpets (Gdves, spearfishing in shallow (up to 40 m depth) coastal areas

personal communication). Furthermore, there was an of Faial Island Fig. 1), Azores. This method allows a

increase in fishing pressure over local coastal fish in more precise selection of individuals and minimizes

the last two decadeSéntos et al., 1995; Fontes et al., regurgitation of stomach contents, which can be an

2002. These records indicate that sea-urchins may be important shortcoming. Disrupted stomachs were dis-

key species in the benthic community, and that sea- carded.

urchin based cascades may occur in the Azores. This

requires: (i) identifying the major sea-urchin preda- ! Afonso (2001)
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Fig. 1. Location of the Azores archipelago showing the island of Faial where sampling took place.

General sampling was undertaken from August item. The wet weight of each item was registered after
1997 to 1998 to study the feeding habits of both superficial drying with absorbing paper.
species, including their seasonal and ontogenetic Precision estimates in diet studies have been advo-
changes r{=287 for white seabreamn=214 for cated and used by several authdferfy and Cailliet,
ballan wrasse); all of these collections were made 1996; Morato et al., 2001a; Morato et al., 2003l
at daytime. Additional collections were made from order to evaluate sufficiency of sample size we used
November 1998 to February 1999 to study diel the pooled quadrat methodi€lou, 1966; Hurtubia,
changes in the feeding activity of the white seabream 1973; Pierce and Boyle, 199where the cumulative

(n=155). numbers of randomly pooled stomachs were plotted

Fish were measured (SL to the nearest mm), against the cumulative diversity. The Shannon index

weighed and sexed macroscopicalMdarato et al., (Magurran, 198Bwas employed to measured trophic
n

2003a for white seabream). Stomachs of white
seabream were removed by cutting the esophagus near
the mouth cavity and the intestine in the area anterior proportion of IndIVIduaIs in théth species]. Because
to the pyloric caeca, whereas in the ballan wrasse thethe cumulative diversity curves are based on random
whole digestive tract was removed, since these speciesorders of quadrats, 1000 random orders of stomachs or
do not show morphological or chemical differentiation digestive tracts for each sample were calculated. The
of the stomachQuignard, 1965 Collected material mean curve for each sample was then estimated and
was preserved in ?Glcohol. Fish ranged in size from  plotted. Each diversity curve was considered asymp-
4.9 to 32.9cm in SL (mean 19.2; S.D.=6.4) for the totic if at least two previous values to the total sample
white seabream and from 14.1 to 38.8cm SL (mean trophic diversity H’) were in the rangéd’ £+ 0.05H
26.9; S.D.=6.7) for the ballan wrasse. (Alonso et al., 200

For each identified taxa, the following indices were
calculated: percentage of occurrenc&f%viohan and
Sankaran, 1988

d|verS|ty [asH = — Z P;(loge P;), whereP; is the

2.2. Diet analyses

Stomach contents were analysed macroscopically n;
and identified to the lowest possible taxonomic level, %0; = ——— x 100, (1)
depending on the type and digestion level of each prey i=1Mi
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wheren; is the number of fish in which itemoccurs; %R, values from all food items. Grouping was made

percentage of weight (%), with the Unweighted Pair Group Method with Arith-
W, metic mean (UPGMA). New coherent groupings of size

%W, = i:,i x 100, (2) classes were then identified in this exploratory dendro-
i1 Wi grams and their diet analysed as described above.

whereW, is the weight of item; >"'=} W; is the aggre- _ o _
gated weight of all items; the Weighted Resultant Index 2>+ Diél feeding intensity

(%Ry; Mohan and Sankaran, 1988 . . . .
Diel feeding periodicity was examined from

0/ %W2 + %02 November 1998 to February 1999 (to reduce influence
%Ry = x 100, 3) of photoperiod in the analysis) and assessed by calcu-
3 04/ %W? + %0? lating the vacuity coefficient and the repletion index.
Sampling was performed in eight collection periods
where on a 24-h basis: 00:30-01:3®%9), 03:30-04:30
45— |9 — 45| (n=17); 06:30-07:30r(=18); 09:30-10:30r(= 16);
0=—745 4 12:30-13:30 1(=24); 15:30-16:30 r{=22);

18:30-19:30 1f=31); 21:30-22:30 n(=18). To
stop digestion process 7@lcohol was injected in the
0 = tam! (0,) (5) stomachs immediately after capture.

i

and

Variation of feeding intensity throughout the year was 2-6- Dietoverlap

evaluated through the repletion index (RI), including ) )
empty stomachs: Diet overlap between the two species was evaluated

by the Schoener IndeR, (Schoener, 197based on

Rl — S Wit ) %Ry values from all food items:
Wf i=n
where, W is the total weight of the fishwhile Wi Ro=1-05x Y |psi — pyil (8)
is the aggregate weight of all food items in the stomach i=1
of fishf and vacuity coefficient (VC). in which, p,; andpy; are the proportions (%,/100) of
_ho of empty stomachs @ itemi in speciex andy.

total na of stomachs o )
2.7. Statistical analysis

2.3. Seasonal changes
Non-parametric one-way analysis of variance
Seasonal changes in the diet and in feeding activity (Kruskal-Wallis test Hq 1, n)) (Zar, 1996 was used
were analyzed by partitioning the sample into five peri- to examine feeding activity represented by the reple-
ods: summer 1997 (only for white seabream); autumn tion index by season, diel sampling period and size
1997; winter 1997/1998; spring 1998; summer 1998. classes. Different items were grouped in larger cate-
gories according to taxonomic, structural and habitat
2.4. Ontogenetic changes affinities. All indices (9%Ry, %W, %0) were calcu-
lated for these categories by summing each item’s par-
Ontogenetic diet changes were evaluated in two tial values Cortes, 1997]. Category “miscellaneous”
phases. First, an agglomerative hierarchical group anal-represents organisms whosdR@ovalues were small
ysis was made to generate a dendrogram based on adisand whose grouping was not possible with crite-
similarity matrix for several size classes. Dissimilarity ria above defined. Polychaeta, Sipuncula, Nematoda
values were obtained by subtracting to 1 the Schoener'sand Nemertinae were grouped in a category named
index Ro) value (Eq.(8)), previously calculated with ~ “worms”. Diet composition between distinct periods
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was compared by the Spearman Coefficigniitg,
1974 using the 9R,, index for ranking grouped items.
Non-identified food items, sediment, paper and fish
scales were excluded from the analysis. IndiceR{(%
%W, %0) were then re-calculated to sum 100%.

3. Results
3.1. Diet of white seabream

The diet of white seabream consisted of a wide
variety of items, dominated by algae and benthic inver-
tebrates Table 1. Algae were clearly the most con-
sumed item scoring the highest values dRd» %W
and %0. Echinodermata were second, being mostly
composed by sea urchidgbacia lixula, Sphaerech-
inus granularisand Paracentrotus lividusBarnacles,
especially from the family Verrucidae, were the third
most important prey group. Worms were frequently
consumed (%) and were the fourth most important
prey group. Gastropods, mainly from the sub-class
Prosobranchia, were also important in the diet of the
white seabream and included species sucRaislla
sp., Ocinebrina aciculate Jujubinus pseudogravinae
andBittiumsp. Fish eggs, amphipods, gastropods, fish,

Table 1

111

tunicates, decapods, bivalves and other invertebrates
were also preyed by the white seabream but at lower
levels.

3.2. Diet of ballan wrasse

Food items found in the digestive tracts of ballan
wrasses are presentedliable 1 Ballan wrasse preyed
upon a great variety of benthic invertebrates. Decapods,
mainly true crabs (Brachyura), were the mostimportant
food items accounting for 26.7% by weight of all identi-
fied food items. Amongst decapods the most important
species wergantho incisusPercnon gibbesandScyl-
larus arctus Echinoderms, especially the Echinoidea
were the second most important prey group account-
ing for 45.1% by weight of all identified food items.
The sea-urchind. lixula, P. lividusandS. granularis
were the most important echinoderms in the diet of the
ballan wrasse. Gastropods were the third most impor-
tant prey group occurring in 27.5% of the examined
guts.Columbella adansonHaliotis sp., Calliostoma
lusitanicumandNassarius incrassatysvere the most
important gastropod species. Algae, bivalves, worms
and other invertebrates were also preyed by the ballan
wrasse but at lesser extent.

Diet composition of white seabream= 207; stomachs with content®)jplodus sargusand ballan wrassenE 158; stomachs with contents),

Labrus bergyltafrom the Azores

Food items White seabream Ballan wrasse
%W %0 %Ry %W %0 %Ry

Algae 4421 1842 3856 226 675 486
Porifera 136 053 111

Cnidaria 027 307 055 002 124 004
“Worms” 217 1295 443 058 553 121
Maxillopoda 311 348 527 001 029 001
Amphipoda 202 840 308 013 320 026
Isopoda 3 173 009 010 072 021
Decapoda 32 346 184 2671 2345 3162
Mollusca 1049 080 163 218 065 137
Gastropoda B2 1200 336 1114 2754 2045
Bivalvia 224 266 183 147 7.18 311
Echinodermata 92 747 557 4507 1212 2311
Tunicata 087 106 195

Pisces 131 119 211 009 015 019
Fish eggs bl 200 329

Miscellaneous a6 359 036 022 297 046

Values of percent of weight (W), frequency of occurrence (@), and weighted resultant index R) for each food item are presented. Full
description of the diet composition is availablelattp://www.horta.uac.pt/ppl/tmorato/pdf/SMgueiredaetal. pdf
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Fig. 2. Cumulative trophic diversity curves for each sampling period. (a) White seabBeplodus sargusand (b) ballan wrassé,abrus
bergylta Each graph shows the mean curve from the 1000 curves obtained for each trophic group.

3.3. Seasonal diet changes between studied periods, there were no overall sea-
sonal significant differences in the repletion index
The number of stomachs examined to study seasonalthroughout the year both for white seabream and for
trends in the feeding habits of white seabream appears(Kruskal-WallisH 4, 206)=3.15;p=0.53) and for bal-
sufficient for every seasonal period, with curves reach- lan wrasse (Kruskal-Wallisl(3 15g=4.47,p=0.21).
ing an asymptote at 20-30 stomack&y( 2a). Suffi- The diet composition of white seabream varied
cient sample size was also observed for ballan wrasse,substantially throughout the year. It was possible
since all the curves reached an asymptote at about 30to identify three different periods in their feeding
stomachsKig. 2b). habits [Table 2: (i) summer of 1997 and 1998; (ii)
Feeding intensity as evaluated with the repletion autumn 1997 and winter 1998; (iii) spring 1998. White
index was relatively low for both species. For white seabreams mostly consumed algae in every season
seabream it remained between 0.21 and 0.36 (Rl as(Table 3. Besides algae, the white seabream preys
% of fish body weight), with the exception of the mainly on worms and amphipods during the summer,
winter 1997/1998 period (RI1=0.45%), while for bal- on echinoderms and gastropods during the autumn
lan wrasse it was approximately 0.6% during the and winter, while during the spring it feeds almost
whole study period. Despite these small differences exclusively on algae. Echinoderms (sea-urchins) were

Table 2
Spearman rank correlations for the diet of white seabr&ipipdus sargusind ballan wrasséabrus bergyltabetween months
Summer 1997 Autumn 1997 Winter 1997/1998 Spring 1998 Summer 1998

White seabream

Summer 1997 1

Autumn 1997 0.08 1

Winter 1997/1998 0.30 0.61 1

Spring 1998 0.44 0.27 0.30 1

Summer 1998 0.66 0.13 0.48 0.36 1
Ballan wrasse

Autumn 1997 1

Winter 1997/1998 0.94 1

Spring 1998 0.87 0.97 1

Summer 1998 0.84 0.88 0.97 1

* p<0.05.
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Table 3
Seasonal variation in the weighted resultant indeR(%tfor white seabreanDiplodus sargusand ballan wrasséabrus bergyltafrom the
Azores

Food ltems White seabream Ballan wrasse
Summer Autumn Winter Spring Summer Autumn Winter Spring Summer
1997 1997 1997/1998 1998 1998 1997 1997/1998 1998 1998
Algae 3587 5477 5491 7432 4593 221 167 211 1443
Porifera 000 239 000 472 000
Cnidaria 000 138 082 032 035 006 007 000 007
“Worms” 27.13 400 364 537 840 050 112 066 275
Maxillopoda 000 631 1169 082 084 000 005 000 000
Amphipoda 2069 019 044 033 1183 003 029 061 035
Isopoda B85 005 010 005 009 134 013 007 003
Decapoda A4 323 204 238 115 2607 3265 4138 3571
Gastropoda ®8 270 1195 458 092 3092 1910 2531 1947
Bivalvia 257 243 000 233 028 952 299 095 410
Echinodermata 31 1277 1039 102 7.08 2738 3969 2675 1977
Pisces @®o 467 111 113 034 000 000 030 056
Fish eggs ®m7 023 004 114 1473
Tunicata 000 475 074 019 014
Miscellaneous ®9 015 212 131 793 196 225 187 274
n 22 71 34 34 46 28 57 36 37

nis the number stomachs with contents.

preyed during the whole year but were more important %R,) to the diet of ballan wrasse during autumn and
(in terms of %Ry) to the diet of white seabream during  winter.
autumn and winter.

The diet of ballan wrasse was extremely uni-
form throughout the year. Every pairwise comparisons
between seasons showed high degree of correlation
(Table 9. Decapods, echinoderms and gastropods were
the most important food items for the whole period
(Table 3, yet showing small differences in theR#p
index between seasons. Similarly to the white sea-
bream, echinoderms were more important (in terms of

3.4. Ontogenetic diet changes

Preliminary analyses of ontogenetic variations in
the diet composition are presentedHig. 3. For white
seabream it separated three groups to a dissimilarity
level of 32% Fig. 3a): small, included individuals
between 4.9 and 15cm SL; medium, from 15.1 to
23.0cm SL; and large, from 23.1 to 32.9cm SL. For

(a) (b)
[4.9;111—| [14.1; 18]
o= - }7
®11;15) — D [18; 22]
E £
£ [15;19) L [22:26]
o [19; 23] o [26;30]
o Q
[1}] @
8 [2327 — N [30;34]
7] (7]
[27: 32.9) I [34; 38.8]
24 26 28 30 32 34 36 38 40 42 25 30 35 40 45 50 55
Dissimilarity (1-Schoener) Dissimilarity (1-Schoener)

Fig. 3. Dendogram of the cluster analysis for ontogenetic patterns of feeding habits of: (a) white se&@lypézdns sargusand (b) ballan
wrassel abrus bergyltafrom the Azores.
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Fig. 4. Cumulative number of distinct food items for each size class. (a) white sealigdodus sargusnd (b) ballan wrasseabrus bergylta
Each graph shows the mean curve from the 1000 curves obtained for each trophic group.

ballan wrasseKig. 3b) it separated three groups to a fish body weight) but there were no overall significant
dissimilarity level of 40%: small, included individuals  differences (Kruskal-Wallisl(2, 203)=0.73;p=0.69).
between 14.1 and 18.0cm SL; medium, from 18.1 to The diet of small and medium size white seabreams
22.0cm SL; and large, from 22.1 to 38.8cm SL were significantly correlatedd=0.53;p < 0.05), while
The number of stomachs examined to study the large individuals did not correlate with smaili & 0.45;
ontogenetic changes in the feeding habits for both p>0.05) or mediumrs=0.31;p>0.05) size classes.
species appeared to be sufficidrty 4), as all samples  Ontogenetic changes in diet composition of the white
reached an asymptote (at least two previous values toseabream are presented Table 4 Algae were the
the total sampléd” were in the rangél’ &+ 0.05H". most important food item across every size class
Feeding intensity of white seabream decreased (%R, >40.0), but some ontogenetic differences were
slightly with fish size from 0.36 to 0.30 (Rl as % of observed, such as a decrease in consumption of worms,

Table 4
Ontogenetic variation in the weighted resultant indeX@sfor white seabreanDiplodus sargusfrom the Azores %y,

Food Items White Seabream Ballan wrasse

Small 4.9-15.0 Medium 15.1-23.0  Large 23.1-32.9 Small 14.1-18.0  Medium 18.1-22.0  Large 22.1-38.8

Algae 5708 4352 5832 144 1104 565
Porifera 000 020 461

Cnidaria 005 137 048 000 007 005
“Worms” 2210 991 186 116 605 123
Maxillopoda 133 7.86 102 000 007 001
Amphipoda 443 222 523 056 287 018
Isopoda o 015 009 188 114 002
Decapoda ®5 217 513 4952 4240 3473
Gastropoda ®8 1079 134 993 824 2533
Bivalvia 3.28 187 007 1105 7.89 294
Echinodermata 239 7.37 1381 2247 1751 2731
Pisces ®B7 363 085 137 000 020
Fish Eggs B2 357 094

Tunicata 000 443 015

Miscellaneous B2 094 6.09 063 272 233
n 62 79 66 27 18 111

All size classes in cm Sln is the number stomachs with contents.
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bivalves and fish eggs with an increase in fish size. On Table 5 _ _ _ _
the other hand, the consumption of sea-urchins consid- Schoener’s diet overlap indeRy{) for white seabreamDiplodus
erably increased with increasing size of fish sargus and ballan wrasséabrus bergyltaof three size classes

For ballan wrasse, feeding activity of the three size Labrus bergylta

Diplodus sargus

classes (0.6% of fish body weight) did not differ signif- Small Medium Large
icantly (Kruskal-WallisH 2, 156)=0.05;p=0.96) and Small 0.14

the analysis of the diet composition based on aggre- Medium 0.27 0.40

gated categories correlated significantly between the Large 0.25 0.39 0.30

three size classess= 0.75 between small and medium
size classe$;=0.79 between small and large= 0.87

between medium and large; alk 0.05). These results ~ Smaller fish Table 5. The highest overlaps were
indicate no major ontogenic differences in feeding ©Pserved between diets of the two medium size classes

habits of ballan wrasse for the studied range. Minor (Ro=0.40) and the two large size classBs € 0.30).
changesincluded the decrease in predation of decapods

and bivalves and an increase predation of echinoderms _ _
and gastropods with increasing fish siZalgle 4. 4. Discussion

As general evaluation of the sample sizes, it appears
that the number of stomachs examined in this study was

Diel feeding activity of white seabrean as described sufficientto desc_ribe the dietfor both species,_ including
by the coefficient of vacuity and the repletion index is the analyses of its seasonal and ontogenetic changes.
presented irFig. 5. Feeding activity increased grad- Allsgmples reached an asymptote, becausg atlleast. two
ually after sunrise (about 7:30h), peaked from 12:30 Previous yalues to the total sample trophic diversity
to 16:30 h, and declined throughout the afternoon and (H') were in the rangél’ +0.05H".
evening until 7:30 h.

3.5. Diel feeding activity

4.1. Feeding habits
3.6. Diet overlap ) ] )
This study confirms the benthic dependence of both
Overlap between diets of the two species in the White seabream and ballanwrasse feeding ecology. The

Azores was relatively lowR,=0.27), especially for  diet of this two species is mainly composed of benthic
invertebrates of which the most important were sea-

urchins @. lixula, S. granularisandP. lividug) and, in

;Zg_ o8 . the case of ballan wrasse, decapods. In general, our
E 0.8 7058 results partly agree with previous works that describe
£ 07 ,,0_4€> the white seabream as a benthic omnivaleupert
3 g-g: Looss B and Hanekon, 1980; Coetzee, 19&fd the diet of
2 ol ' % the ballan wrasse as composed mainly of molluscs
2 o3l 1028 and decapod crustacea@uignard, 1966; Voss, 1975;
> o2 Lo B Dipper et al., 1977; Deady and Fives, 1993owever,
0.1 the great importance that echinoderms have on the diet
90 S 9_307‘12'30‘715_30'718_36721_3070-0 of ballan wrasse has not been previously recorded. Fur-
130 4:30 7:30 10:30 13:30 16:30 19:30 22:30 thermore, these findings confirm the hypothesis that
- Vacuity coefficient --Repletion Index the two species are important predators of sea-urchins

_ _ _ - _ _ and therefore highlight their potential impact in benthic
Fig. 5. Diel feeding activity of the white seabreabdiplodus sargus shallow water communities in the Azores. Specifically,

as determined from changes in the mean repletion index and vacuity their role in ntrollin rehin bundan nd
index. Error bars show standard error of means. Sampling intervals eir role controlling sea-urchins abundance a

from 9:30 to 16:30 represent daylight hours, while all the others POtential trophic cascade events deserves further atten-
represent night hours. tion.
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Algae were also found to be a major item in of the other sea-urchin species should cast light this
the diet of the white seabream. This is in accor- suggestion.
dance with other studies that extensively refer algae
as food source for this species, but odlyubert and  4.3. Ontogenetic diet shifts
Hanekon (198Q) Coetzee (1986)and Sala and

Ballesteros (1997#eport it asimportant as in our study. Clear ontogenetic differences in the feedings habits
Seabreams may ingest algae to collect their epiphyte of both species were not observed for the fish size
diatoms Joubert and Hanekon, 198@o extract nutri- range considered in this study. Only the diet of larger
ents directly from the algaédann and Buxton, 1992 white seabreams did not present strong correlation with
or to optimise the digestion of animalsdbel, 198). the smaller size classes. In spite of the lack of sta-

Therefore, this species might also be directly affected tistical differences between the most size classes a
by a negative feedback process (bottom-up) if a bloom consistent pattern was observed for both species. In

in sea-urchins overgrazes macrophyte beds. the white seabream, there was a decrease in consump-
tion of worms, bivalves and fish eggs, and an increase
4.2. Seasonal diet changes consumption of sea-urchins and decapods with the

increase in fish size. Similarly, ballan wrasse showed

Feeding intensity in both species was relatively a decrease in consumption of bivalves and decapods
constant throughout the year. Noticeably, the slight and an increase in echinoderms and gastropods with
increase observed in the feeding intensity of white the increase in fish size. These results agree with the
seabream during the winter was most probably related descriptions ofRosecchi (1985for white seabream
to a gonadossomatic build-up need, as it coincides with andDeady and Fives (199%)r ballan wrasse. In both
the pre-spawning period of this species in the Azores cases, it is apparent that as fish grow they change
(Morato et al., 2003ga Similarly, a slight increase in  from soft towards harder prey items. This is in agree-
feeding activity of ballan wrasse was observed dur- ment with the morphological ontogenic changes in the
ing pre-pawning season (unpublished data). The sub-feeding apparatus of both species. White seabream
sequent decrease during the spawning season maydevelop numerous and larger molar teeth as it grows
be a result of limited time availability for forag- (Christensen, 1978; Mann and Buxton, 1988d bal-
ing, since during the spawning season the males lan wrasse develops pharyngeal plaquesady and
of this species defend large territories where they Fives, 199%, and these changes will certainly enable
build nests and care for the eggBofteiro et al., the predation of larger hard-bodied prey.
1996.

While the diet composition of the ballan wrasse was 4.4. Diel feeding activity
remarkably uniform throughout the year that of the
white seabream varied markedly. During summer this  Diel feeding activity of white seabream increased
species feeds on algae, worms and amphipods, duringgradually after sunrise (about 6:30h), peaked after
autumn and winter on algae, sea-urchins and barna-mid-day (from 12:30 to 16:30h) and then declined
cles, and finally it feeds almost exclusively on algae throughoutthe afternoon and evening until just prior to
during the spring. These results show a high trophic midnight. This is a typical behaviour of size-selective
adaptability in the white seabream. The predation on predators that rely mostly on visual cuesggers,
sea-urchins, which are considered to be of low nutri- 1977. Our analysis suggests that the white seabream
tional value, raises the question of why these speciesis a diurnal predator, influenced by light intensity.
feed upon them on such a great amount. Noticeably, the
period when urchins are of greater importance coin- 4.5. Diet overlap
cides with the peak of the gonadosomatic index of
P. lividus in the Azores Gonalves, 1995 Thus, it Although both species feed upon similar resources,
is possible that the white seabream selectively pre- the diet overlap was relatively low. The coexistence
date sea-urchins when they are of higher nutritional of species within the same habitat may occur owing
value richer. Knowledge of the reproductive biology to different resource use. Resource partitioning may
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include food, habitat and time segregatid?iahka, labrid and sparid fishes, lobsters) will increase this
1973; Schoener, 1974; Sala and Ballesteros, 1997 value. Nevertheless, our estimatesAotlixula should
Since the two species apparently fed inthe same habitatbe regarded as conservative given that we used an
and time of the day, food partitioning may display an abundance corresponding to the maximum found in
important role in reducing competition between these the area as well as in the Mediterrane&al@ et al.,
bottom dwellers. This argument can be validated only 19980 and Madeiradlves etal., 200). Therefore, our
with an integrated study that should include observa- results suggestthatthese two fish species can contribute
tional analysis (to examine spatial and temporal over- very significantly to control sea-urchin populations in
lap) and stomach content analysis (to examine diet the Azores, independently of the influence of other

overlap) Gala and Ballesteros, 1997 factors such as recruitment and shelt8alé et al.,
1998h.
4.6. Impact of sea-urchin consumption Nevertheless, we realize this is a simplistic assess-

ment and stress the need to obtain estimates based
in more robust data concerning sea-urchin population

Given the relative importance of sea-urchins in the ; ,
abundances in the region.

diets of these two fish species, and their potential eco-
logical role as sea-urchin population regulator, the next
question is whether the fishes’ impact in the sea urchin .
populations is significant. We estimate such impact ©- Conclusion

(Table § using information available fds. granularis . i
a species that lives down to 60m depth, adlix- This study shows that the white seabream and the

ula, a shallower species found between 0 and 10m ballan wrasse are impo_rtant predators of sea-urchins
depth Marques, 1988 Assuming fish abundances in in Azorean coastal habltats..Furthermore: larger fish
the Azores (unpublished d&jaannual consumption ~ &ccount for most of sea-urchins consumption. Thus, a
ratios of 6.5 and 5.9! for white seabream and ballan  féduction in the mean size of fishes, which is a typical
wrasse, respectivel\P@lomares and Pauly, 199énd consequence of fishing practic&grgiou, 200¢ may

the diet composition of each predator, we estimated Significantly decrease predation over sea-urchin and
combined annual consumptions of 44 kgidy 1 for could thus facilitate sea—urchln_ prol_lferanon. T_here-
A. lixula, and 4 kg km2y~1 for S. granularis These fore, this study suggests that fisheries regulatlops Qf
values represent around 10% and 8% of the biomass”Z0rean costal resources should seek to maintain
of A. lixula and S. granularisin the area. This is to healthy'popL'JIatlons of these f'sfh species, i.e. both the
be considered as very high natural mortality caused populaﬂo_n size and structure, given the need to prevent
by two predators alone, as it is reasonable to expect sea-urchin based cascades. It should be acknowledge

that other species known to consume sea-urchins (otherthat fishes, and these two species in particular, are not
the only predators of sea-urchins and that sea-urchins

are not the only trigger of dramatic changes in benthic

Table 6 . . ___communities. Other locally abundant fish species such
Estimated annual consumption of sea-urchins by two predator fishes -
in the Azores asCoris julis andThalassoma pav(Bala, 1997, lob-
- sters Goni et al., 2001; Shears and Babcock, 2002
Prey/predator Annual consumption (kg kfy 1 ’ ' !
yip ption (kg kfy ) other large crustaceans and starfiShlé et al., 1998a

Diplodus sargus _ Labrus bergylta are also known for predating sea-urchins elsewhere,
Arbacia lixula 39.1 (8.7%) 52 (1.2%) thus deserving further attention. This strongly sug-
Sphaerechinus granularis 1.3 (2.4%) 28 (5.3%) gests that a further effort to identify other sea-urchin
Paracentrotus lividus 0.4 33

predators and scavengers on dead sea-urchins should
In parenthesis is the percentage of the biomass of sea-urchins con-pe puyt in place as well as in situ experimental studies to
sumed annually. Fish consumption per biomass per year was calcu- o sgass the degree of herbivory by sea-urchins and con-
lated according to the empirical regressiorPalomares and Pauly f he bi This inf . hould
(1998) fish biomass was estimated basedAfonso (2001)and sequences tor 't e biotopes. 1S In Orm.atlon shou
Morato et al. (2001h)sea-urchins biomass was calculated accord- then be used in the development and improvement

ing to Marques (1983andMaciel (1998) of ecosystem models for the Azores coastal habitats
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(Guénette and Morato, 2004In order to verify the
mixed trophic impacts in the ecosystem.
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