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Diet shift in fish following competitive release

Anders Persson and Lars-Anders Hansson

Abstract: We determined the diet preference of roa&uflus rutilug, perch Perca fluviatilig, and bream Abramis

bramg before and after a fish removal program in Lake Finjasjon, Sweden. The biomass of roach and bream was
reduced to 33 and 10%, respectively, after the program. The predominate diet change following this major reduction in
fish biomass was an increased use of benthic organisms by most size-classes of roach. Also, bream shifted to benthos
at an earlier ontogenetic stage. These diet shifts were most probably attributed to the drastic reduction in biomass of
the benthivorous bream, resulting in underexploited benthic invertebrates. In order to test if alterations in diet choice
were reflected in the composition of stable isotopes of consumer tissue, we determined the temporal changes in the
15N/*N ratio (BN) of potential fish prey as well as in fish tissue. No temporal trends were foundNaf fish,

possibly due to the high temporal variability 8N of zooplankton. However, minimum and maximudN values of

major food organisms (chironomids and zooplankton) were generally reflected dNtloé both small roach and perch

one sampling occasion later (3 months) and in piscivorous perch (exclusively feeding on small fish) two sampling
occasions later. Hence, the stable isotope composition could be followed through food links, providing that the
consumer mainly fed on one specific food item. However, several other predictions regarding connections between diet
and stable isotope composition were not corroborated. We conclude that stable isotope analysis of consumer tissue
cannot replace traditional methods of diet determination, but might well provide complementary data.

Résumé: Nous avons déterminé les préférences alimentaires du gardon conRutitug rutilug, de la perche

commune Perca fluviatilig et de la breme d’eau doucélframis bramg avant et apres la mise en oeuvre d'un

programme de retrait du poisson dans le lac Finjasjon, en Suéde. La biomasse du gardon et de la breme a été réduite
de 33 et de 10% respectivement apres I'application du programme. Le principal changement alimentaire observé apres
cette réduction majeure de la biomasse de poisson a été une utilisation accrue des organismes benthiques par la plupart
des classes de taille du gardon. La bréeme s’est aussi tournée vers le benthos plus t6t dans son développement. Ces
changements alimentaires étaient le plus probablement attribuables a la réduction tres marquée de la biomasse de la
bréme, un poisson benthivore, ce qui a entrainé une sous-exploitation des invertébrés benthiques. Pour vérifier si les
modifications des choix alimentaires se reflétaient dans la composition en isotopes stables dans les tissus des
consommateurs, nous avons déterminé les changements temporels du 2yt (SN) dans les proies potentielles

des poissons de méme que dans les tissus des poissons. Nous n’avons observé aucune tendance tedpatatie de

le poisson, peut-étre a cause de la forte variabilité temporell@Nddans le zooplancton. Cependant, les valeurs

minimales et maximales d&8\ dans les principales proies (chironomides et zooplancton) étaient généralement reflétées
dans ledN des petits gardons et des petites perches lors d'un échantillonnage ultérieur (3 mois plus tard) et de la

perche piscivore (qui se nourrit exclusivement de petits poissons) lors de deux échantillonnages ultérieurs. Ainsi, la
composition en isotopes stables peut étre suivie a travers les liens alimentaires, pourvu que le consommateur se
nourrisse principalement d’'une seule espéce de proie. Cependant, plusieurs autres prévisions concernant les liens entre
le régime alimentaire et la composition en isotopes stables n'ont pas été corroborées. Nous concluons que I'analyse des
isotopes stables dans les tissus des consommateurs ne peut pas remplacer les méthodes classiques de détermination du
régime alimentaire, mais qu’elle peut trés bien fournir des données complémentaires.

[Traduit par la Rédaction]

Introduction blooms. The effects of manipulation of consumer communi-

biomanipulation (Shapiro et al. 1975; Shapiro and Wrightt
1984), has been suggested as a method for managing eutg
phicated lake ecosystems that suffer from severe alg

Human-induced alteration of consumer communities, or,

ties are expected to cascade down to lower trophic levels
(Hairston et al. 1960; Carpenter et al. 1985) and ultimately
o the producer level. Usually, increased grazing on algae is
elieved to be achieved by alterations in the fish community,
ither by removing zooplanktivorous fish or by increasing
predation on zooplanktivorous fish by piscivorous fish. In

Received January 7, 1998. Accepted July 15, 1998. theory, this view is appealing, but field studies have shown a

variety of unexpected results. When changing the biomass
proportions of food web components, a number of pro-
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dictable way. Nutrient cycling may be altered due to
changes in species composition (Wright and Shapiro 1984;
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both phytoplankton (Van Donk et al. 1990) and benthivor-with perch because it is capable of capturing smaller prey,
ous fish biomass (Meijer et al. 1990; Bronmark and Weisneresulting in roach being unaffected by perch abundance
1992). Such “side-effects” will in turn affect phytoplankton (Persson 1987). Perch is a superior benthivore and is less af-
biomass by altering the growth conditions and the competifected by habitat complexity compared with roach (Persson
tive relationships within the producer community, such as1987; Diehl 1988), but the benthivorous stage of perch is of-
the relationship between submerged macrophytes, periphyen the bottleneck for the recruitment to the piscivorous
ton, and phytoplankton. stage due to intraspecific competition for benthic resources

Several processes within the fish community could poten{Persson and Greenberg 1990). The diet of bream resembles
tially compensate for a selective removal of fish. Growththat of roach, with the exception that bream is a more dis-
and recruitment rates generally increase after a biomanipuldinct benthivore at a large size (>30 cm in length) and is able
tion and partly compensate for the removal of fish. More-t0 penetrate the sediment to a greater depth than roach
over, diet of the remaining fish community may be altered,(Lammens 1985). Therefore, a reduction of roach and bream
obscuring the anticipated effects of a biomanipulation effortPiomass could potentially release perch from interspecific
A deeper understanding of such community-level response&®mpetition at both planktivorous and benthivorous stages.
is needed if biomanipulation is to become a reliable manageSuch a competitive release is hypothesized to be reflected in
ment tool in the future. Such knowledge will also increasethe abundance and diet of the fish.
predictability and provide information about where, when,
and how a biomanipulation is best performed. Materials and methods

Fish diet is generally determined by examination of gut
content (Elliott and Persson 1978). However, the gut contentake description
only reflects the last hours of feeding, and single estimates The study was carried out in Lake Finjasjon (area 1% kmaxi-
may not give an accurate picture of the diet on a season&lum depth 12 m, mean depth 3.5 m), a eutrophic lake situated in
scale. It would therefore be useful to have access to gouthern Sweden (62°2I'N, 13°6920"E). In the 19;?3' the exter-
method that estimates feeding over a longer time period. A2 102d of phosphorus reached its maximum (2 g Pysar) but

iol | A tool i timating. diet | Was lowered in the 1980s to 0.5 g P#myear®. Despite this reduc-
possible compiementary 100l In estimaling di€t on I0NgeL;,, the |ake continued to suffer from heavy blooms of mainly

time scales is the determination of naturally occurring stablgyjcrocystis sp. andAphnanizomenosp. due to the internal load-
isotopes in fish tissue. The stable isotopl is excreted in  ing of phosphorus. In 1992, the total fish biomass (wet weight)
lower amounts than the more abundaft, so that organ- was calculated to be 300 t (95% Cl 215-495; Persson 1997), corre-
isms become enriched N compared with their food (Pe- sponding to 273 kg-hd Between October 1992 and June 1994, a
terson and Fry 1987). In this way, tAeN/N ratio @N) of a fish reduction program was carried out with the aim to reduce the
predator’s tissue will be a result of t® of its food items. ~ densities of the roach and bream populations, which dominated the
Under ideal conditions, th&\ increases with 4-5%. for each fish community (79% by biomass). The fish reduction was per-

additional trophic level due to isotopic fractionation (Peter-formed by trawling, and 400 t of mainly roach, bream, and small
(<150 mm) perch was removed. Piscivorous fish accidentally

son and Fry .1987)' In simple f(.)Od chains, vyhere the pred‘?ﬁaught in the trawl were immediately released back to the lake.
tor feeds mainly on one food item, stable isotope analysis

may give a clear signal. However, fish often feed on diﬁer'?ensity
ent trophic levels by eating benthic invertebrates as well aS ;5"\ ere sampled by pair-trawling (Bergman et al. 1999) in

zooplankton and small fish. Furthermore, fish may also shifty ;qust_september 1992-1995 to determine the relative abundance
their diet during ontogenesis, feeding on zooplankton agnd fish community composition. The trawl used was a modified
young, then shifting to mainly benthic invertebrates, and fi-herring trawl (length 30 m, arm length 5 m, 264 meshes along the
nally becoming exclusively piscivorous. opening and 5-mm mesh size in the codend), which was towed
In the present study, the applicability of stable isotope@long the bottom by tWJg boats. Each year, the trawl was towed
analysis of fish tissue for the determination of fish diet isz""geait dassﬁleelg d?\‘;iéu”;sfs\;efgﬁgpafé det?;r;p?écﬂiqeesi?\%t?r? d2i\’/i3hal
ev.;’.ilua.ted' l}ﬂor?oxer’ we ex‘?‘m'gef the strgctlfjre and rleso.ur(fgng,ths were determined. In addition, at least 200 individuals were
utilization ot a IS community before and after a selective, i, measyred and weighted separately to obtain length—-mass rela-
mass removal directed towards the two most abundant spggnships. These relationships were then used to calculate the bio-
Cles, roach Rutllus rUtllUg and bream/(\bramls brama We mass of each size-class (See be|ow) Separate|y_
have compared the gut content measured over an extended
period of time and the stable isotop@j composition of the  pjet
two species roach and percRgfca fluviatilig, which domi- On six occasions in 1992 (April, May, June, July, August, and
nated the fish community after the fish removal. The exten-October) and five occasions in 1995 (May, June, July, August, and
sive literature concerning the competitive interactionOctober), the stomachs of perch and the intestines of roach and
between roach and perch (Lessmark 1983; Perssoncl983ream were collected from fish caught in survey gill nets placed
1986, 1987; Diehl 1988; Persson and Greenberg 1990) coxﬁl_vemilght at2 ad 5m gepthf- Fish gvere1 soréed3 in ‘flivg dh‘ferctlant6
ers mainly two niche dimensions: resource availability and?'2&-¢lasses corresponding 10 age U+, 1+, Z=5+, 4-o+, and >6+
habitat complexity. Roach is considered more of a general0ach and perch: <80, 80-120, 120-150, 150180, and >180 mm;

. ) . bream: <80, 80-120, 120-150, 200-300, and >300 mm). When
list, feeding on both animals and plants (Lessmark 1983possible, at least five (1992) or 10 (1995) individuals from each

Persson 1989, whereas perch is a strict carnivore, poten-gaie and size-class were analyzed. However, the mass removal af-
tially undergoing ontogenetic shifts in diet from zooplank- fected bream abundance especially, resulting in bream being only
tivorous, via benthivorous, to piscivorous stages (Perssorarely caught. Consequently, the diet of bream in 1995 could only
1983). Roach is a superior zooplankton predator comparethe determined adequately in August, when sampling was per-
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formed by trawling as well as with gill nets. Stomachs and intes-Fig. 1. CPUE of different &) species andh) functional groups
tines were preserved in the field with 70% alcohol for laterin Lake Finjasjon, 1992—-1995. Sampling was performed by
analysis in laboratory. trawling in August at five different depths (2, 3, 4, 6, and 8 m).
Using a microscope, the diet was determined by identifying,cpUE of functional groups was calculated using diet and
counting, and measuring the length of the different food items. Foi,p \ndance data (see Materials and methods). In 1992 the total
abundant prey, a maximum of 10 individuals of each prey itemfish community was estimated to be 300 t (95% Cl 215-495;

were measured for each fish. All fish within a size-class were the’gersson 1997). A fish reduction program was carried out

pooled. The dry mass of each prey item was determined usin . .
length-mass relationships (Bottrell et al. 1975; Persson and Greef€tween October 1992 and June 1994, removing 400 t of mainly

berg 1990). Food items were then sorted into four categoriesPream and roach.

planktonic grazers Qaphnia sp., Bosmina sp., Chydorus sp.),
planktonic predatorsLeptodora kindtiiand cyclopoid copepods), (a)
benthic crustaceané\fonasp. andOstracodd, and benthic insects 90 r
(mainly Chironomidae, Micronecta, and Tricoptera). The biomass = 80 - Ruffe
of each prey category found in one average individual fish for each %:D W Perch
sampling date was calculated for each species and size-class of '© 70 ¢ 8 Bream
fish. Then, all sampling dates were pooled and the fraction (per- B 6ol 777 O Roach
cent) of a certain prey category was calculated to achieve a sea- © 50t
sonal average diet for each species and size-class. Mean prey dry =
weight was calculated by dividing the total biomass of prey by the &D 40 ¢
total number of prey found in all fish of a certain size-class. Since ~ 30t
prey biomass was obtained by using average prey size measures, MK
no error statistics was performed when calculating mean prey E 207
weight. L 10+ ]
To obtain functional groups, the fish community was divided 0 ‘ . ,
into benthivores, planktivores, and piscivores by multiplying the 1992 1993 1994 1995
relative abundance (catch per unit effort, CPUE) of each size-class Year
and the fraction of benthic, planktonic, and fish items, respectively,
in the diet. These calculations include unpublished data on abun- (b)
dances of other, less abundant species than those of primary con- 50 ¢
cern in this paper (i.e., northern pikeEgox luciu}, zander = 45! & Planktivores
(Stizostedion luciopergaand ruffe Gymnocephalus cernupsAll ﬁ) B Benthivores
northern pike and zander caught were larger than 200 mm and con- ‘g 40 B Piscivores
sidered piscivorous whereas the functional position of ruffe was B 35t
calculated using the same method, based on diet data and relative g 30t
abundance, as mentioned above. =3 25|
oh
) e 20
Stable isotopes E 15l
Samples of fish, benthic invertebrates, phytoplankton, zooplank- =)
ton, and sediment were collected in February, May, July, August, o, 10
and November 1994 and in April, July, September, and October O 5
1995 for determination of stable isotopes. Sediment and benthic in- 0
vertebrates were sampled with an Ekman dredge. Sediment was 1992 1995
sieved through a 0.5-mm sieve and benthic invertebrates were then Year

picked out by hand. To collect different size-classes of zooplank-

ton, a bucket with a 30Qim net followed by a 4%m net was . _ . .
dragged behind a boat at aidum depth. Phytoplankton samples tively. The fishing program reduced the roach biomass in

(<45um) were retrieved on a preburned (560°C) GF/C (Whatman)1995 to 33% of the density !n 1992 (Figa_)l The fish re-.
filter after sieving through a 4Gm net. Roach and perch were duction was even more efficient in removing bream, which
sampled by trawling and then separated into three size-classe#) 1995 had a biomass <10% of that in 1992 (Fig).De-
<80, 120-150, and >180 mm. Muscle samples (between the heagpite the fish removal (400 t), total fish biomass in 1995 was
and the dorsal fin) of 5-10 fish from each species and size-clasenly reduced by 50% compared with 1992 (Fig).1An in-
were pooled for each sampling occasion. _creased recruitment of perch in both 1993 and, especially,
All samples were frozen and dried (65°C for at least 48 h). Sedi-1994 caused a change in species composition from cyprinid
ment, benthic invertebrates, zooplankton, and fish were ther(79% in 1992) to percid dominance (59% in 1995). Perch
ground fo a particle size of <0.2 mm. After combustion (1800°C), ~qngtituted only 4% of total fish biomass in 1992, but totally
analysis for stable isotopes was done with a Carlo Erba eleme ominated fish biomass in 1994 (78% of total biomass) and
analyzer (£ 1108 CHNS-0) connected to a mass spectrometer (oeﬁas still the most dominant species in 1995 (44% of total
tima). IAEA-N1 and IAEA-N2 were used as standards feix. : i . Sp . i X
biomass) (Fig. &). A fivefold increase in perch biomass, in
combination with the reduced cyprinid densities, caused this

Results change in fish community species composition. In 1993 and
1994, the catch of perch young-of-the-year (YOY) was 20
Fish abundance and 60 times the numbers in 1992, respectively. In 1995,

In 1992, the fish community was dominated by roach anchowever, the number of perch YOY was below that in 1992
bream, constituting 33 and 46% of the total biomass, respe@nd the perch population was dominated by the strong year-

© 1999 NRC Canada



Persson and Hansson 73

Fig. 2. CPUE of different size-classes of perch, roach, and bream in Lake Finjasjon, 1992-1995. Bar graphs denote biomass (kg wet
weight) and line graphs represent abundance (thousands of individuals). Sampling was performed by trawling in August at five
different depths (2, 3, 4, 6, and 8 m). A fish reduction program was carried out between October 1992 and June 1994.
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class of 1994 (Fig. 2). Large year-classes of other speciesnd planktivores remained unchanged (Fig). 4s a result of
were rare, but in 1994, roach showed a YOY year-class 10dietary change in the other species (i.e., perch, roach, and
times larger in number compared with 1992. However, thisuffe).
year-class suffered from high mortality during the subse- In 1992, perch with lengths up to 150 mm fed mostly on
quent year, and the 1+ class in 1995 was not notably larggselagic prey whereas fish became an important food item for
than normal. Piscivore biomass was not affected signifimedium-sized individuals (>120 mm) (Fig. 3). Benthic prey
cantly, although a reduction was observed in 1993-1994were not important in the diet for any size-class of perch in
However, due to the reduction in biomass of planktivores1992, but in 1995 constituted about 30% (mainly chirono-
the fraction of the fish community being piscivorous wasmids) of the diet for perch up to a size of 150 mm (Fig. 3).
doubled in 1995 compared with 1992 (Fip)1 Perch larger than 150 mm fed almost exclusively on fish in
Although total fish biomass was reduced by the fish re-both years (Fig. 3). All size-classes of roach fed almost ex-
moval, fish abundance increased by an order of magnitudelusively on planktonic grazers in 1992, with the exception
(11x) and average fish weight decreased from 39 to 2.3 @f the smallest size-class (<80 mm), for which benthic crus-
between 1992 and 1994. In 1995, fish abundance was onlyceans dominated. The diet of the smallest size-classes (<80
slightly higher (140%) compared with 1992, but mean fishand 80—-120 mm) did not differ between years with respect
weight was still one third (13 g) of the mean in 1992. to habitat origin (pelagic or benthic) (Fig. 3). For the 80—
120 mm size-class, planktonic grazers dominated the diet in
Fish diet both years. The <80 mm size-class fed on about 25% pelagic
The overall tendency in diet choice was a utilization ofprey and 75% benthic prey in both years. The most striking
benthic resources at earlier life stages, possibly as a result ekception was that benthic insects, prey items not detected
the reduction in specialized benthivores (bream) by the fishin the diet of this size-class in 1992, were an important part
reduction program. Although bream biomass was reducedf the diet in 1995. For larger roach (>120 mm), there was
drastically, the relationship between biomass of benthivorean exceptional change in resource utilization between 1992
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Fig. 3. Diet of different size-classes of perch, roach, and bream in Lake Finjasjén, 1992-1995. Prey categories above the zero lines are
pelagic prey and those below are benthic prey. Diets are based on stomach contents of fishes pooled from six (1992) or five (1995)
sampling occasions between April and October.
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and 1995. In 1992 the pelagic component (mainly planktonicantly contributed to the diet of only the smallest size-class

grazers) dominated the diet whereas benthic food item§80 mm). Benthic cladocerans, detected only in low abun-

(mainly chironomids) were important resources for all ofdance in 1992, were important prey for bream with lengths

these size-classes of roach in 1995 (Fig. 3). This trend wagf up to 200 mm in 1995. The fraction of benthic insects in

most notable for the largest size-class of roach (>180 mm)he diet increased with bream size in 1995 from 10% for

which fed exclusively on pelagic prey in 1992 and exclu-bream <80 mm to 100% for bream >200 mm.

sively on benthic prey in 1995 (Fig. 3). The change in diet

resulted in mean weight of roach prey being significantly staple isotopes

higher in 1995 compared with 1992 (pairetest,p = 0.02). The temporal differences i during the period of inves-
Large bream (>300 mm) fed exclusively on chironomidstigation (February 1994 to October 1995) were small with

in both 1992 and 1995. For smaller size-classes, the digespect to sediment, algae, benthic invertebrates, and fish

changed markedly between 1992 and 1995 from dominancehereasdN for zooplankton (>30Qum) varied considerably

of pelagic to benthic prey. In 1995, pelagic prey signifi- (Fig. 4). No significant temporal patterns were found &
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Fig. 4. Mean '>N/**N ratio (N) for sediment (S), phytoplankton  Fig. 5. Temporal variation irN of chironomids and zooplankton
(Ag and A, <45um), and fish food items, including (>300um), small perch and roach (<80 mm), and piscivorous
zooplankton (£ >300um) and benthic invertebrates (C, perch (>180 mm) in Lake Finjasjon between February 1994 and
chironomids).ON values are also given for three size-classes of October 1995. The figure shows that minima and maxima in
roach (R) and perch (P): small (s, <80 mm), medium (m, 120— food organisms can generally be detected in consumer tissue
150 mm), and large (I, >180 mm). Bars show the temporal within 3 months (one sampling occasion).

variation (range) imN during the investigation period (February
1994 to October 1995).
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(linear regressionp > 0.05). There were differences N ¥ 20 I 204
values among size-classes of perch (ANOVFA= 4.72,p = z 19 4 z
0.03). However, Fisher's PLSD contrast revealed difference =, 194
in &N only between medium and large sizes and small antg 18 1 g
large sizes of perchp(= 0.01) (Fig. 4). With respect to Z ;. ‘g 184
roach, there was no difference & between different-sized ~ ~
fishes (ANOVA: p > 0.5). 67— T T L L
The &N of surface sediment was 9.11 + 0.45 (mean + 1 §333&823 §333333
SD) whereas planktonic algae (<48n) had a somewhat 2£22228 5E£22 223
higher N (10.22 + 1.74) (Fig. 4). Zooplankton larger than
300um had& values of 18.05 + 2.53 whereas benthic in- Large perch
vertebrates (chironomids) had lowéN values (13.01 + 21.0
0.90), indicating feeding on particles at the sediment surfac z
(Fig. 4). The next trophic level, feeding on zooplankton and ”2 2051
benthic invertebrates, haiN values of 18.94 + 1.09 (small 2 0ol
perch), 18.20 + 1.15 (small roach), and 17.75 + 0.95 5
(medium-sized roach), respectively. In addition to in- 2 1954
vertebrates, medium-sized perch also fed on small fist &
and may thereby be placed in a trophic level between 19.0

and 4 N = 18.73 + 0.60) (Fig. 4). Large, exclusively

nd ! 32335855
piscivorous perch showed the highe® values of all € &9z EZ38
organisms investigated (19.92 + 0.74). TH¢ of chi- =22z <=0

ronomids showed a minimum in May 1994 and then in-

creased throughout the sampling period (Fig. 5).ple isotopes (February 1994). Therefore, it was not possible

Zooplankton also had minimu@N in May, but showed tg perform the correlations for zooplankton and small perch.
a maximum in April 1995. The fish feeding on these

prey, small roach and perch, had minimd in August - -
1994 and then showed increasing trends except foplscussmn
roach in October 1995. Piscivorous perch showed high When manipulating a planktivorous fish community,
AN values from February to August 1994, but low val- strong effects on closely positioned trophic levels are ex-
ues during winter (November 1994 to April 1995). pected. However, many large-scale fish removals have failed
Thereafter,N increased (Fig. 5). to show any significant effects on zooplankton biomass (re-
The correlations betweedN values of food organisms viewed in DeMelo et al. 1992). A possible explanation is the
and consumers were low when correlating the same sanfarge capacity within a fish community to compensate for a
pling occasions, but highr (= 0.67-0.88) when correlating removal and rapidly (within a few years) turn back to its
the consumedN with the food organisndN of the previous previous state. In the short term, a selective mass removal of
sampling datet(= +3 months) (Fig. 6). Unfortunately, one planktivorous fish may have no, or even negative, effects on
sampling of small perch (July 1995) and one of zooplanktorthe zooplankton community. The per capita consumption of
were missing due to too low sample size for analysis of staremaining fish is likely to increase when competition is low-
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ered. This may result in a higher per capita reproductive rat&ig. 6. Cross correlations of tissu of consumers and thier
because more energy could be invested in gonad develogominant prey. Analysis of gut content showed that chironomids
ment, which in turn often results in a high number of youngwere the dominant food organism for small perch and that small
planktivorous fish in subsequent years (Jeppesen et al. 199®ach and perch dominated the diet of large perch. Correlation
Bergman et al. 1999). Small individuals generally have eacoefficients are calculated faN of food organisms at = 0 and
higher mass-specific consumption rate and select for smalleiN of the consumer at = -3,t = 0, t = 3, andt = 6 months,

prey than large fish (Lessmark 1983). Therefore, predatioshowing highest correlation betweéN of food att = 0 and
pressure on grazers may actually increase after biomanipulaensumer one sampling occasion later(3 months).

tion, obstructing improvements in water quality (Romare o .
and Bergman 1999). Hence, despite a removal of 80% of the -4 —=&— Chironomids/roach
original fish community in Lake Finjasjon, successful repro- % 081 5 small roach/large perch
duction of perch resulted in biomass only being reduced by S 064 o small perchlarge perch
50%. The high recruitment of perch caused fish abundance < , |
to increase and mean fish size to decrease. Although the fish 3
community structure changed considerably with respect to é’ 021
species composition and size structure, the biomass relation- § 0
ship between planktivores and benthivores remained con- g 024
stant. S 044
Another possible scenario is that the resource utilization B 06 ;
changes among other species that have not been removed§ ¢ 3 0 3 A 9
Many fishes are omnivorous or undergo ontogenetic diet Time (months)

shifts leading to changes in resource utilization, which may
obscure the anticipated effects of biomanipulation.

Perch abundance in Lake Finjasjon increased due to higfbach showed notable differences in diet. Roach <80 mm
recruitment following the fish removal (Fig. 1). Conse- had a large fraction of benthic resources in the diet whereas
quently, the fish community changed from a dominance bythe 80-120 mm size-class of roach fed almost exclusively
cyprinids (roach and bream) to a dominance by percid$n pelagic prey. The difference in diet of <80 and 80—
(perch and ruffe). This finding supports the hypothesis that 20 mm roach may indicate a habitat segregation of compet-
competitive release should increase perch abundandfg size-classes towards a preference for the open water with
(Persson et al. 1991). Zooplankton biomass and specigfcreasing size. Furthermore, the habitat use of juvenile
composition remained unchanged during the period of invesroach has been shown to be highly dependent on mortality
tigation (Annadotter et al. 1998). The overall tendency wagisk (Brabrand and Faafeng 1993). In Lake Finjasjon, pisciv-
an increasing use of benthic resources by fish. This tendenayrous fish biomass did not differ between 1992 and 1995,
was observed for all species, but the change in resource uthut the proportion of piscivorous fish of the total fish com-
lization was most pronounced for large, nonpiscivorous fishmunity in 1995 was two times the proportion in 1992. More-
(>120 mm) whereas the diet of small roach (<120 mm) didover, Secchi depth increased significantly during the
not differ between 1992 and 1995 (Fig. 3). investigation period from a summer average of <1 to >2 m

With respect to diet, there is a notable difference betweeriAnnadotter et al. 1998). The latter factor is likely to in-
the results obtained for Lake Finjasjon and for a fish reduccrease the per capita encounter rate between prey and pisciv-
tion experiment performed in Lake Sovdeborgssjon (Perssoorous fish. When mortality risk is high, small roach may be
et al. 1993). In Lake Sovdeborgssjon, roach biomass was reonfined to refuge habitats (Brabrand and Faafeng 1993),
duced by more than 20%, which resulted in an increased usghich may limit the recruitment of roach. Perch <80 mm, on
of pelagic resources (zooplankton) by perch and roach, opthe contrary, had a higher proportion of pelagic prey in the
posite to that of Lake Finjasjon. A notable difference be-diet, indicating that they were exploiting resources in the pe-
tween the lakes is that bream is not present in Lakdagic areas. By exploiting the whole lake, juvenile perch
Sovdeborgssjon. Both roach and perch were utilizing thenay benefit more when released from competition than
benthic resource in Lake Sovdeborgssjon before the removabach. This may be one explanation for the higher recruit-
of roach whereas bream was the sole exploiter of benthos iment rate of perch compared with roach, despite the higher
Lake Finjasjén. Moreover, roach fed on sediment in the for-adult biomass of the latter.
mer lake, which is a resource considered to be of low nutri- The most striking changes in resource utilization were re-
tive value compared with a carnivorous diet (Lessmarkcorded for bream smaller than 300 mm, larger size-classes
1983; Persson 1983 Sediment was not found in the intes- of roach, and the 120-150 mm size-class of perch. The gen-
tines of roach in Lake Finjasjon. This indicates the likeli- eral tendency for all these groups was the increasing use of
hood of higher inter- and intra-specific competition within benthic resources, especially benthic insects. In particular,
the fish community of Lake Sovdeborgssjon compared withlarge roach (>180 mm) changed their diet from entirely pe-
Lake Finjasjon. Thus, the resource utilization in Lake S6v-lagic to entirely benthic prey. There may be several reasons
deborgssjon after roach removal corresponded to the reor this, but we will consider two of the most important.
source utilization in Lake Finjasjon before the fish removal. First, large individuals may have been forced to change their

Diet of fish may be an indicator of habitat use (Werner etdiet due to the increased abundance of smaller individuals.
al. 1983), which in turn may be affected by the abundance oEmall individuals are generally more efficient consumers of
competitors and predators. The two smallest size-classes efmaller prey (zooplankton) whereas larger individuals have a

© 1999 NRC Canada



Persson and Hansson 77

broader prey-size window, allowing the capture of largeritems for small roach (<80 mm) were chironomid larvae and
prey as well. Thus, both inter- and intra-specific competitionzooplankton, constituting 60 and 20% of the diet, respec-
may have forced large individuals to feed on benthic insteadively (Fig. 3). Hence, the minimum iaN of chironomids in
of pelagic prey. A second possible explanation may be thaMay 1994 was expected to generate a minimum in stable
resource availability changed. The fish reduction progranmisotope composition of small roach the next sampling occa-
was particularly efficient in removing large bream, which sion (August); this was the case (Fig. 5). Similarly, the in-
feed exclusively on chironomids. Large bream are efficienttreasing trend indN of chironomids should lead to an
foragers on benthic resources (Lammens 1985), potentiallincreasing trend idN of small roach from August 1994 to
removing this resource from roach and perch. It is therefor@ctober 1995. This was also the case, except for the October
likely that chironomids became more available for other spesampling, which may be reflecting that small roaches were
cies when large bream were removed. The overall tendencglso eating zooplankton, which showed a considerable de-
towards increased use of benthic resources indicates that thisease indN between April and July 1995 (Fig. 5).
is a likely explanation. Unfortunately, we do not possess With respect to small perch (<80 mm), zooplankton con-
data on the benthic community to support this hypothesis. stituted 78% and chironomids 22% of the diet (Fig. 3). The

One of the aims of this study was to assess if analysis odN of zooplankton showed a minimum in May 1994 and a
stable isotopes of consumer tissue could be used as maaximum in April 1995, which were reflected in minimum
method to determine diet. One of the strengths of stable iscand maximumdN values of small perch in August 1994 and
tope analysis is that it measures the actual assimilation int€dctober 1995, respectively (Fig. 5). Large perch (>180 mm)
grated over the time scale of tissue turnover in the organisrwvere exclusively piscivorous and the o8 in November
(Kling et al. 1992) whereas gut analyses only reflect the lasi994 and April 1995 mirrored the minima &N of small
hours of consumption. roach and perch in August (Fig. 5). Hence, a minimundNn

It has been repeatedly demonstrated (Kling et al. 1992¢f chironomids and zooplankton in May was detectable in
Zohary et al. 1994) that the stable isotope composition ofmall fish in August and in piscivorous fish in November
consumers may mirror their resource utilization. Here, largeFig. 5). There was a high correlation between &eof the
perch were exclusively piscivorous and had, accordinglyfood and the consumer examined 3 months later whereas
significantly higher & values than roach or other size- there were no, or lower, correlations between food and con-
classes of perch (Fig. 4). Between size-classes of roach arsgimerdN caught at other times (Fig. 6). This might be an in-
between smaller size-classes of perch, the diet was too simglication of the time scale for the turnover rate of nitrogen in
lar to be visible in the stable isotope content. Hence, onlyfish tissue.
the most pronounced differences in diet were detected in We conclude that a mass removal of planktivorous and
consumer tissue whereas several differences predicted frohenthivorous fish in Lake Finjasjon resulted in a dietary
actual determinations of diet choice were not substantiated:hange in the remaining species to increased utilization of
For example, the results from the gut content analysis sugeenthic resources. Thus, although the fish community struc-
gest that thedN would decrease with time during the study ture changed considerably with respect to species composi-
period for those fish groups showing the largest difference iion and size structure, the biomass relationship between
diet between 1992 and 1995. Despite this, there were no sigplanktivores and benthivores remained constant. The influ-
nificant time effects ordN of fish tissue. The stable isotope ence of processes such as mass recruitment of young fish
analysis did not necessarily fail at detecting a real differ-and alterations in diet following fish removal has to be
ence; the gut analyses only tell us the relative proportion obetter understood if biomanipulation is to become a method
different prey items consumed at different times, not the acfor the restoration of lakes. Currently, the unpredictability of
tual consumption of a certain prey item. The consumptiorbiomanipulation as a management tool make investments
rate, in turn, may change markedly during a season depenttazardous and may cause a societal resistance to the devel-
ing on food availability and temperature. We conclude thatopment of biological solutions to environmental problems
although the use of stable isotopes for determination of die¢Strong 1997).
choice is appealing, it is not an alternative but rather a com-
plement to traditional methods.
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