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Abstract Herbivores are thought to achieve adequadble to perform well on animal food alone. In contrast,
nutrition by consuming numerous species of plants or Ay validaand C. comptaexperienced large negative ef-
occasionally consuming animal tissue. Although actifects when limited to consuming animal matter alone.
selection of diverse foods is common in nature, the rekor these two species, combining algae and animal mat-
tionship between diet mixing and consumer fitness tex did not enhance fithess over combining only algae.
poorly understood, especially in marine environmentsitness effects of specific algal diets showed some gen-
We studied the fitness-based consequences of dietngl similarities, but also considerable variance among
mixing in the sympatric amphipodsmpithoe marcuzzii the amphipods. For examplg, siliculosuswas general-

A. validg Cymadusa compteand Gammarus mucrona- ly better food than other algae for all four amphipods,
tus by measuring survivorship, growth, and fecundity efhereas Sargassum filipendulawas generally poor.
these amphipods when they were offered single spediesvever,A. marcuzziidid not suffer negative effects of

of algae, a single animal food, a mixture of algal speciesnsuming onlySargassumThe red algaPolysiphonia

or a combination of algae and animal matter. For thp. and the green aldgateromorpha flexuosdecreased
more sedentary, tube-building amphipodls marcuzzii fitness inA. marcuzzii C. compta andG. mucronatus

A. valida and C. compta fitness on mixed algal dietsbut not A. valida and the negative effects &oly-

was matched by fitness on at least one of the monosgiphoniawere considerably larger fgk. marcuzziithan

cific algal diets, suggesting that they could benefit frofar the other amphipods. Our data show that nutritional
preferential feeding on those algae in the field. The maoeguirements, even among related species @&.gnarc-
mobile amphipod,G. mucronatus survived and grew uzziiand A. validg, can be dramatically different. Diet
similarly on the mixed diets and on the filamentousixing may benefit more mobile consumers li&am-
brown algaEctocarpus siliculosuHowever, its fecundi- marusthat are better able to search for different foods,
ty was significantly higher when feeding on the algal ameshd may be less important for more sedentary herbivores
animal mixture than ofEctocarpusalone. Additionally, like Ampithoeand Cymadusahat consume, and live in
for G. mucronatusfitness on mixed algae, mixed algaelose association with, individual host plants.

plus animal matter, and animal matter alone was equiva-

lent, although female growth (but not gonad productioey words Amphipods - Dietary mixing - Fitness -

was slightly lower on animal matter alone than on th&erbivores - Occasional carnivory

mixed algae combined with animal food. Thus the more

mobile amphipodG. mucronatuswas the only species
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(Mattson 1980; Martin 1987; Slansky and Rodrigueeproductive parameters that are difficult to obtain for
1987; Simpson and Simpson 1990; Slansky 1993; WHieger consumers can be measured (e.g., Robertson and
1993; Van Soest 1994). Alternatively, herbivores may daicas 1983; Duffy and Hay 1991b; Graca et al. 1993;
lect a mix of complementary plants that balance théineib et al. 1997). Although the nutritional ecology of
nutritional requirements (Pennings et al. 1993; Bernagsphipods and other mesograzers is poorly understood
et al. 1994), or may exhibit occasional carnivory to e(Brawley 1992), studies show that many amphipods con-
hance their protein uptake (Mattson 1980; Dearing asame a range of plant, animal, and detrital foods (Nelson
Schall 1992; White 1993). Diet mixing can also benefi979b; Zimmerman et al. 1979; Pederson and Capuzzo
herbivores by diluting chemical defenses in particula®84; Agnew and Moore 1986; Barlocher and Howatt
foods (Freeland and Janzen 1974; Bernays et al. 19941986; Hay et al. 1987; DeLong et al. 1993), with a few
Dietary mixing has been well documented for a vaspecies showing a strong preference for particular prey
ety of marine, freshwater, and terrestrial herbivorepecies or groups (Nicotri 1977, 1980; Nelson 1979b;
(Kitting 1980; Belovsky 1984; Bjorndal 1991; SpeiseZimmerman et al. 1979; Robertson and Lucas 1983; Hay
and Rowell-Rahier 1991; Dearing and Schall 1992t al. 1987, 1988a, 1990; Duffy and Hay 1991b, 1994).
Pennings et al. 1993; Bernays et al. 1994; Sanders efhkerefore, dietary mixing could be important for these
1996; Bernays and Minkenberg 1997; DeMott 1998)ponsumers if less preferred foods are consumed as a way
with marine herbivores commonly having very broaof achieving nutritional balance (Pennings et al. 1993;
and generalized diets (Randall 1967; Hawkins aB@rnays et al. 1994) or if they supplement their plant or
Hartnoll 1983; Hay 1992; Wahl and Hay 1995). Aldetrital diets with periodic consumption of animal tissues
though mixing foods is generally assumed to be bendfi4attson 1980; White 1993).
cial for consumer performance and is often treated asln this study, we compare the relative importance of
adaptive (White 1993), few studies experimentally docdietary mixing and single foods for four phytal amphi-
ment the relationship between dietary mixing and copeds that are widely distributed in the western North
sumer fithess (Pennings et al. 1993). This is not surprglantic: Ampithoe marcuzziiA. valida Cymadusa com-
ing. The long life span or complex life cycles of mangta, andGammarus mucronatu®ur experiments assess
consumers often constrain efforts to measure dietary thle effects of various macroalgae, algal epiphytes, ani-
fects on fitness. mal matter, and combinations of algae or algae and ani-
In terrestrial systems, dietary mixing occurs for anmal tissue on the fitness (survivorship, growth, and fe-
mals ranging from insects to primates (White 1993), buindity) of these consumers. By using four co-occurring
there are few cases where the consequences of these faedegrazers and including common seaweeds as well as
ing behaviors have been quantified. For example, bathimal matter in diets, we insured that fithess effects
birds and spiders can experience increased growth whame measured across a range of available food and con-
fed mixtures of insect prey (Greenstone 1979; Krebs aswiner types.
Avery 1984; but see Toft and Wise 1999). However, of
the numerous examples showing mixing of plant diets or
mixing of plant with animal foods, only a few demonMaterials and methods
strate that consumers on mixed diets attain higher survi-
vorship, growth, or reproduction than conspecifics dynphipods were obtained from algae collected near Morehead
single natural foods (MacFarlane and Thorsteinson 19%}%:1\&0;‘&%?0\}\"22}] L{FS]?S ((333)(‘;@ri’\n']:e7n?s4v%/e\r/\e/)beDrl#élpngégegg)lt?]- .
Johnson and B_che 1990; Bernays et al. 1994; but ial and eﬁhemeral algae were abundant, as were a'mphipods,
Bernays and Minkenberg 1997). due to the seasonal absence of most predatory fishes (Nelson
For marine systems, only a handful of studies hav@79a, 1979b; Duffy 1990; Duffy and Hay 1991b). To obtain our

used natural foods to address the Iong-term effectsmgsograzers, we collected abundant seaweeds at our sites, includ-
;%%the green algaBryopsis plumosaandEnteromorphaspp., the
0

single versus mixed diets on consumer performance, algaePolysiphoniaspp., andSpyridia hypnoidesand the

fitness (Larson et a'_- 1980; |—0_b9| and Ogden 19. wn algaeEctocarpusspp., Fucus vesiculosysand Sargassum
Watanabe 1984; McTigue and Zimmerman 1991; Stefitipendula transported them to the laboratory, and carefully in-
berg and van Altena 1992; Pennings et al. 1993; Rogs#tected each for phytal amphipods.

. ; . : - .. We studied the effects of various single diets, or dietary
et al. 1995 Kennish 1996; Schmidt and JonanOttI!rxtures, on the fitness of four of the most abundant amphipod

1997). All but two of these studies (Watanabe 198&ecies collectedd. marcuzziiA. valida C. compta andG. mu-
McTigue and Zimmerman 1991) have concentrated e®natus Natural diets of most amphipods are poorly known, but
only one consumer, making it difficult to generalizdiets often appear to be broad, with some species consuming foods

about the importance of diverse feeding strategies {?’ngng from detritus through seaweeds to animal tissues. Al-
ough little is known abouA. marcuzzii this species associates

sympatrl_c animals. . . with seaweeds, and prefers to feed on the brown macr8&alfia
Amphipods have short generation times, carry th@fendula(Duffy 1990). Its congenek. validais a broadly distrib-

eggs in an external brood pouch, and can be culturedugn species (Pomeroy and Levings 1980; Alonso et al. 1995)

diverse diets with relative ease. Amphipods, thus, of%lch also associates with, and readily consumes, diverse macro-

: : : ae (Nicotri 1977, 1980; Duffy and Hay 1994; Alonso et al.
an excellent opportunity for evaluating dietary effects 5: Deal 1997). Gut contents Of comptehave revealed algae,

fitness because they can be grown from newly producéitus, and some vascular plant material (Nelson 1979b), and
juveniles to egg-bearing adults in a few weeks and mdaygding on algae has been documented under both field (Hauxwell
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et al. 1998) and laboratory (Zimmerman et al. 1979) conditiothased frozen. Before offering this food to the amphipods, brine
Similarly, gut contents and laboratory observationsGnmu- shrimp were thawed in clean seawater. Food was replaced every
cronatushave suggested a generalized diet of detritus, macrabl2 days, and water was changed every 2-3 days. Petri dishes
gae, and microalgae (Zimmerman et al. 1979; Barlocher amdre scrubbed every 2-3 days to eliminate fecal pellets and re-
Howatt 1986; Duffy and Hay 1994; sd&earinogammarus mu- duce the growth of microbes that could serve as alternative food
cronotusin Sanders et al. 1962). This amphipod is commonly assurces or potential pathogens.
sociated with subtidal macroalgae and seagrasses (LaFrance andle measured survivorship, growth, and fecundity for each spe-
Ruber 1985; Fredette and Diaz 1986) in the North Atlantic. Theses. For species that ovulated, survivorship (in days) was mea-
dietary lists are crude and incomplete due to the relatively paorred as the number of individuals alive only until the first female
understanding of amphipod feeding and nutrition (Bell 199hecame ovigerous in any of the treatments. This was necessary be-
Duffy and Hay 1991a; Brawley 1992); however, it seems cleeause females were killed at ovulation in order to quantify fecun-
that these species are relatively generalized feeders. dity. ForG. mucronatuswhich does not ovulate when cultured us-
Ampithoeand Cymadusabelong to the family Ampithoidae ing these methods (Cruz-Rivera and Hay, in press), survivorship
(Bousfield 1973; Barnard and Karaman 1991) and build muconas measured until the experiment was terminated on day 30. Sur-
tubes on the plants they inhabit, thus somewhat limiting their feivorship data were analyzed, and post hoc comparisons among
aging range or mobility (Duffy and Hay 1991b, 1994; Poore am@atments were made, using chi-square analyses. Because survi-
Steinberg 1999)G. mucronatusloes not build tubes, is more mo-~orship ofG. mucronatusvas measured over a longer period than
bile (Duffy and Hay 1994), and belongs to the family Gammaridaeany of the other species, we ran additional statistical analyses at
(Bousfield 1973; Barnard and Karaman 1991). Ovigerous fematksy 15, comparable to the time at which all other species first be-
from each species were individually placed in small petri dishesme ovigerous.
for 1 week, and allowed to hatch their offspring. During this time, Size at death was measured from the rostrum to the last large
females and newborns were allowed to feed on a mixture of algaka under a dissecting microscope. Growth (in pm/day) was then
species from which the females were collected. For all speciesiculated as size at death divided by the number of days lived in
one sibling from each female was used in each treatment. @ffat treatment. For determining growth, we considered only
spring from each female were assigned randomly to either onewfphipods that survived beyond the day the last amphipod in the
the diets, or to a starvation control receiving no food. Theservation treatments died. This prevented us from using amphi-
amphipods were individually placed in small petri dishes and fgeds that may not have fed at all, and from using very small
lowed through time. To reduce the probability that small amplamphipods for which measurement errors could have been large.
pods would get trapped in the surface tension, which can enhdmca few cases, dead individuals could not be accurately measured
mortality (Duffy and Hay 1991b; Cruz-Rivera and Hay, in presd)ecause of microbial degradation. These were excluded from the
we dusted the surface of the water with cetyl alcohol (Sigmajalyses.
This compound breaks the surface tension and is not toxic to theAt ovulation, females were fixed in formalin, measured, and be-
animals. headed to extract the eggs from the brood pouchAForarcuzziji
Amphipods were not measured at the beginning of the expéi-valida andC. compta we measured female growth (um/day),
ments because in initial efforts we found that measuring thésegth at ovulation (um), days to ovulation, clutch size, and we cal-
small and delicate juveniles increased mortality. However, aftarated individual egg volumes (in pl) by measuring the length and
only 1 week and with a microscopic resolution of 20 um, diffewidth of eggs, and applying the formula for the volume of a spher-
ences in size among siblings Af valida C. comptaandG. mu- oid. Individual egg volumes were added to obtain total clutch vol-
cronatus as well as among families within each species, are smathes. We also recorded the number of females that failed to ovu-
(E. Cruz-Rivera, personal observation), suggesting that it is rése in the experiments withmpithoeand Cymadusa(but not
sonable to assume all treatments started with juveniles of simBammarus explained below) when they could be reliably sexed.
size. Additionally, because newborns were assigned randomlyBerause few amphipods matured and expressed secondary sexual
each treatment, initial variance in size among siblings and famil@sracters on some diets, we were unable to quantify the total num-
would contribute similarly to each of the experimental treatmenkser of females present. However, because amphipods were as-
The number of siblings obtained p®rmarcuzzifemale was gen- signed at random, we considered those diets to be suppressing fe-
erally smaller than for the other amphipod species: only six treatndity, rather than having no females. We present qualitative in-
ments, rather than nine, were evaluated for this amphipod. emation for those treatments. FGt mucronatuswhich did not
raisedA. marcuzziiin=22 per treatment) on four individual algagroduce eggs during our experiments, we approximated reproduc-
(Enteromorpha flexuos@olysiphoniasp.,Ectocarpus siliculosys tive potential by calculating the area of the gonads visible on each
S. filipendulg, a combination of all four algae (=mixed algae), anside of the female body and dividing by 2 @ffiemale side), upon
a starvation treatment. The other three amphipod spewi@$ ( termination of the assay. Experiments were ended when most dis-
per treatment) were cultured on a starvation treatment, on oneerhible females had produced eggs (26—27 dayArfgithoeand
five species of alga€s( flexuosaPolysiphoniasp.,E. siliculosus Cymadusy or when most individuals in our experimental popula-
F. vesiculosussS. filipenduld, on frozen brine shrimp alon@rte- tions had developed obvious adult characters (30 daySdoma-
mia saling, on a mixture of all five algae (=mixed algae), and oms). Upon termination of the experiments, all individuals remain-
a mixture of all five algae plus brine shrimp (=mixed algaeifg alive were killed and measured.
Artemig), for a total of nine treatments. Thus, we raised amphi- Growth and reproductive data were analyzed with one-way
pods on either single algal species, brine shrimp, mixtures of ANOVA. Homogeneity of variances was tested uskg, tests.
gae, or mixtures of algae and brine shrimp together. Starvatdata were appropriately transformed when necessary. If variances
treatments provided information on baseline amphipod mortalitlere homogeneous, post hoc comparisons, were made using
in the absence of food. Although some females were collecfukey’'s HSD tests, adjusted for unequal sample sizes. If heteroge-
from B. plumosaand S. hypnoidesthese macroalgae were noneity among variances could not be corrected through transforma-
tested because they could not be collected consistently throughioums, we used Welch’s tests. Treatments in which only one indi-
our assays. vidual survived or ovulated were not included in the ANOVA, but
Amphipods were monitored daily and foods were always avaiie data are presented in the results for comparison.
able in excess. Algae for food were collected from the same sites
where we originally obtained the amphipod femakestocarpus
and Polysiphoniawere always collected as epiphytes fr@nfi- esults
lipendula Care was taken to provide only one algal food Pg
amphipods being raised on single-alga treatments. We did thisrhb L . .
using algal pieces that were free of visible epibionts. Brine shri é/Od_ type significantly affected survivorship for all four
(A. saling represented our animal-derived food and were pspecies of amphipod®<€0.001 for all species, chi-square
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Fig. 1 Survivorship of four Ampithoe marcuzzii N=22 Cymadusa compta N=25
sympatric amphipods on single 100
and mixed diets. The mixed

algal treatment foAmpithoe 80
marcuzziicontained fewer
species than for the other 60
amphipods (see Materials and 1
methods). Animals were moni- 40+
tored daily, but some symbols 1
are deleted from the graphs to
enhance clarity of the figures.
Significance values and group-
ings (shown byertical linesto
the right of the survivorship
plots) are from chi-square ana-
lyses assessing survivorship on
the last day plotted

P<0.001

Gammarus mucronatus  N=25

100

80

Survivorship (%)

60 -
404

20

0 5 10
Days
—¥— Starved —e— Polysiphonia ~-{F+- Fucus —*— Mixed Algae —-&- Mixed Algae
~@— FEnteromorpha -»-- Ectocarpus ~-O-- Sargassum  —{— Artemia +Artemia

tests; Fig. 1). At day 15, when the filst marcuzziife- amphipods never ovulated. For more similar contrasts
male ovulated, survivorship was high (82-91%) and sinaimong species, we ran an additional analysisfomu-
lar onE. siliculosus S. filipendula and mixed algae, in- cronatuscomparing all treatments at day 15 so that die-
termediate (45%) ok. flexuosaand very low (0%) on tary effects could be compared among all species after
either Polysiphoniasp. or the starved treatment. In facsimilar times of exposure to the diets. For three of our
A. marcuzziiconfined withPolysiphoniasp. died as rap- treatments, patterns f@&. mucronatusfter 15 days dif-
idly as those with no food. In contrastAomarcuzzijithe fered to those after 30 days. At day 15, survivorship in
congenericA. valida survived well and similarly on all all feeding treatments excef. flexuosaand S. fi-
diets containing algae (84—96%). However, when fed pendula was equivalent, but amphipods survived sig-
animal matter aloneAftemig, survivorship was signifi- nificantly better on any of the feeding treatments than
cantly suppressed (48%; Fig. 1). they did in the starved treatment. These differences be-
With one exceptionC. comptaand G. mucronatus tween 15 and 30 days f@. mucronatusndicate that the
showed generally similar patterns of survivorship amonggative effects oPolysiphonia Fucus andSargassum
diets. For both species, survivorship was highest (Fig.di¢ts increased with time of exposure to those diets
when fed mixed algae, mixed algaetemig or Ecto- (Fig. 1).
carpus(80-96%), intermediate oBnteromorphaPoly- Of the 807 amphipods we cultured, only 6 could not
siphonig and Fucus (28-68%), and lowest oBargas- be measured due to microbial degradation following
sumand the starvation treatment (0—-16%). Eorcom- death. Growth of all species was significantly affected
pta, survivorship orArtemiaalone was low and did notby diet (P<0.001, one-way ANOVA; Fig. 2), with pat-
differ significantly from that orSargassunor the starva- terns for growth generally paralleling patterns for survi-
tion control (Fig. 1). In contrast, survivorship Gf mu- vorship (i.e., amphipods usually grew best on the diets
cronatuson Artemiawas equivalent to survivorship valthat supported higher survivorship, but there were a few
ues produced by the best diets (Fig. 1). ThHesmu- interesting exceptions). Similar to the patterns in survi-
cronatuswas the only species whose survivorship wasrship (Fig. 1),A. marcuzziigrowth was equivalent on
not depressed by feeding on animal matter alone. Ectocarpus Sargassumand the mixed algal treatment,
The females oA. marcuzziiA. validg andC. compta but growth was depressed significantly3Q%) when
first became ovigerous on days 13-15 of the experénfined toEnteromorphaP<0.001, one-way ANOVA;
ments. Because measuring egg number and size requiigd 2), a diet which also caused lower survivorship
killing these females, we analyzed survivorship on tiiEig. 1).
different foods at those dates. In contrast, survivorship ofA. validaattained highest growth on mixed algae and
G. mucronatusvas analyzed after 30 days because thasexed algaeArtemia followed byEctocarpus Entero-
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Fig. 2 Growth (mean+l SE) of 160~ Ampithoe marcuzzii Cymadusa compta
amphipods on single versus P<0.001 A A A 180 F<0-001 A
mixed diets. The mixed algal 120 A A
treatment had fewer algal spe- B 1507 g
cies forA. marcuzziithan for 80 1204 BC BC BC
the other three amphipods (see 90 ¢
Materials and methods). — % ]
Numbers at the base of the bars > st o 121l |21 |21 60
denote the number of individu- 8 T . < - 2 091 4 Ll ba ol 7] b
als measured. Analyses are by S 8 5 g8 2 2 0
one-way ANOVA followed by e £ & & & 3
Tukey's HSD.Similar letters 3 £ § w @ s
above barsndicate no signifi- ~ “
cant differences among those -
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morpha and Polysiphonia The two mixed-diet treat- Growth of G. mucronatugparalleled our findings for
ments, but notEctocarpus produced significantly survivorship (Fig. 1), with the possible exception of the
larger individuals tharfEnteromorphaand Polysiphonia Sargassuntreatment. For this amphipod, all treatments
(Fig. 2), although survivorship had not differed amorfgll into one of two significant groupings (Fig. 2).
these treatments (Fig. 1). Althoudgh valida survived Growth was highest on thEctocarpus mixed algal,
similarly on F. vesiculosusand S. filipendulaas in all mixed algalfArtemia and Artemiaalone treatments.
other treatments containing algae (Fig. 1), growth &argassumEnteromorphaPolysiphonia andFucusdi-
Sargassunwas suppressed significantly compared to ats produced lower but similar growth. Although no indi-
other treatments containing algal foods, and growth widuals survived beyond 27 days on tBargassundiet
Fucuswas significantly suppressed compared to gromthRig. 1), growth on this diet was equivalent (Fig. 2) to
on Ectocarpus mixed algae, or mixed algag&rtemia growth on diets sustaining significantl30%) higher
(P<0.05, Tukey’s HSD, Fig. 2). BothucusandSargas- survivorship.
sumare fucalean algae, but growth Bacuswas signif- Dietary effects on fecundity and other fitness-related
icantly higher than growth o®argassumGrowth on variables of the females showed that particular diets
Artemiawas significantly lower than for any other fedtrongly suppressed reproductive potential in these
treatment Artemiawas also the treatment producing themphipods. FoA. marcuzzii all females in thé&ctocar-
lowest survivorship for this species (among theus Sargassum and mixed algal treatments became
fed treatments; Fig. 1). Growth ofrtemia was only ovigerous. We could not quantify how many females
30-60% of that on any of the other diets. Therefore, fwere present in th&nteromorphatreatment because
A. valida animal matter alone was a lower-quality foogrowth was suppressed (Fig. 2) and none of the amphi-
than algae. pods matured to the stage where secondary sexual char-
C. comptagrew significantly faster when feeding oracters were clearly expressed (Table 1). However, be-
Ectocarpusalone, mixed algae, or mixed alg@etemig cause amphipods were assigned randomly to all treat-
than when feeding on any of the other treatmemtgents, and the treatments with high survivorship con-
(P<0.05, Tukey’s HSD). This paralleled our findings fotained 30-50% females, it is unlikely that no female
survivorship (Fig. 1) EnteromorphaPolysiphonia Fu- amphipods were present in thateromorphaliet (or the
cus Artemig andSargassunyielded lower growth, with Polysiphoniatreatment, where all individuals died). Fe-
Enteromorphagroducing significantly better growth thammales in theEctocarpus Sargassumand mixed algal
Sargassum(P<0.05, Tukey's HSD; Fig. 2). ThusC. treatments grew at equivalent rates, ovulated at equiva-
comptafeeding onSargassungrew 20-50% slower thanlent sizes and ages, had similar clutch sizes, produced
when feeding on any of the other diets. Interestingly, eggs of similar volume, and had equivalent clutch vol-
temia caused high mortality in this species (only 20%mes (Fig. 3). Thus, fitness in ti®lysiphonia(which
survivorship, Fig. 1), but surviving individuals grew gbroduced no survivors) anfinteromorphatreatments
rates comparable to four of the five monospecific algahs zero, and lower than in any of the other three fed
diets (Fig. 2). treatments (Figs. 1, 2, and 3).
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Table 1 Totals and percentages
(in parentheses) of females

ovulating during the experi- - -
ments, for the three amphipod Ampithoe marcuzzii
species that produced eggs (see

Materials and methods). No

data are available for treat-

ments in which most amphi-

pods did not develop secondaryAmpithoe valida
sexual characters (sexes indis-

tinguishable) or died early in

the assays (no survivors)

Amphipod Diet Ovulating females Remarks
Enteromorpha 0 (0) Sexes indistinguishable
Polysiphonia 0 (0) No survivors
Ectocarpus 10 (100) All individuals matured
Sargassum 10 (100) All individuals matured
Mixed algae 6 (100) All individuals matured
Enteromorpha 13 (93) All individuals matured
Polysiphonia 10 (100) All individuals matured
Ectocarpus 7 (88) All individuals matured
Fucus 13 (100) All individuals matured
Sargassum 9 (100) All individuals matured
Mixed algae 12 (92) All individuals matured
Artemia 0 (0) Sexes indistinguishable
Mixed algaeArtemia 7 (100) All individuals matured
Cymadusa compta Enteromorpha 5 (100) All individuals matured
Polysiphonia 5(83) All individuals matured
Ectocarpus 11 (100) All individuals matured
Fucus 6 (86) All individuals matured
Sargassum 0 (0) Sexes indistinguishable
Mixed algae 12 (92) All individuals matured
Artemia 0 (0) Sexes indistinguishable
Mixed algaeArtemia 7 (100) All individuals matured

A. validaexperienced complete suppression of ovul

150+

tion in theArtemiaalone treatment. Of the 13 individu-
als that were alive at the end of the experiment, only
had developed clear secondary sexual characters (a
male). In contrast, of the 7-13 recognizable females
the Enteromorpha Ectocarpus and mixed algal treat-
ments, only one female in each failed to produce e
(Table 1). All females produced eggs in the remainil
treatments. Thudrtemiagreatly decreased survivorshif
(Fig. 1), growth (Fig. 2), and fecundity (Fig. 4) for thi:
species. Similar to the patterns of growth for the ent
experimental population (Fig. 2), growth of the female
was significantly decreased dbargassumand Fucus
compared to most of the other dieB<(.001, one-way
ANOVA,; Fig. 4), and growth tended to be highest ¢
Ectocarpus mixed algae, and mixed alga&temia Al-
though rigorous statistical groupings changed sligh
when analyses of the entire population (Fig. 2) we
compared to analyses of the females alone (Fig. 4),
overall patterns were very similar.

A. valida females tended to become ovigerous at
smaller size in theFucus and Sargassumtreatments
(P<0.001, one-way ANOVA; Fig. 4). Females ovulatin
on Fucuswere significantly smaller than those on th
two mixed-diet treatmentsP€0.05, Tukey's HSD), but
were of equivalent size as those fed on any of the ot
algae offered aloneP¢0.05, Tukey's HSD). In contrast,
females orSargassunovulated at a significantly smaller

size than in any of the other treatments, excepffter Fig. 3 Reproductive parameters measured for mature females of

o
o
1

Growth (um/Day)
w
=
1

o
1

Length at Ovulation
(x103um)

'!

Days to Ovulation

I

P=0.553

P=0.075

P=0.260

Sagassum [}

Ectocarpus
Mixed Algae

Number of Eggs/Female

Egg Volume (x10-2l)

Clutch Volume (ul)

0.39

0.2

0.1+

P=0.801

2.57 P=0.559

P=0.834

Ectocarpus

o
L " "

Mixed Algae

cus Ovulation was de'ayed for females feed”‘]gSaT_ A. marcuzzii Because all amphipods d®olysiphoniadied, and

gassum when compared to most other diets exce{ﬁf
Fucus and Polysiphonia (P<0.001, one-way ANOVA

sooner than in other diets, the days to ovulation in those
three treatments were not statistically different from the
Enteromorpha and Polysiphonia treatments B>0.05,

se onEnteromorphadid not reach sexual maturity, only three
’ atments produced ovulating females (see TablBdk repres-
L ! / ) » ent means+1 SE amtimbers at the base of the bamsthe upper-
Fig. 4). Although females in the two mixed-diet treateft histogram indicate total number of females per treatment. An-

ments and théEctocarpustreatment tended to ovulatedlyses are by one-way ANOVA
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Fig. 4 Female reproductive parameters measuredhipithoe va- Fig. 5 Reproductive parameters measuredCymadusa compta
lida. The Artemiatreatment did not produce any reproductive fdemales. Because only one female ovulatedSangassumthis
males (Table 1)Barsrepresent means+1 SE andmbers at the treatment is excluded from the statistical analyses, but the data for
base of the barindicate total number of females per treatmenthis female are plotted for comparison. Symbols and analyses are
Analyses are by one-way ANOVA followed by Tukey’s HSD oas in Fig. 4
Welch’s test for significant groupingBars with the same letters
are not significantly different
each of theFucus Polysiphonia and mixed algal treat-
ments). However, very few individuals in tBargassum

Welch’s test; Fig. 4). Clutch size differed among diets Artemiatreatments survived, and these were often too
(P=0.018, one-way ANOVA; Fig. 4), wittBargassum small at death to be sexed reliably (Table 1). Neverthe-
producing the lowest number of eggs per femdless, 1 female became ovigerous in 8agassuntreat-
(55-75% lower than other diets), and the two mixed-dieent and 3 females ovulated in theemiatreatment, so
treatments producing the highest. Despite consideraildeast some individuals attained maturity on these two
differences in mean clutch size among treatments, thets. Because including a treatment with one replicate
variance was often large and there were, thus, few sigmibuld violate the assumptions of ANOVA, our analyses
icant differences among treatments in post hoc pairwiid not include th&Sargassuntreatment. In addition, the
comparisons (as determined by Welch's tests; Fig. 4). low number of replicates in several of the treatments

Diet influenced the volume of individual eggs An constrained our statistical power, particularly during post
valida (P<0.001, one-way ANOVA; Fig. 4A. validafe- hoc comparisons.
males fed on a monospecific diet®drgassunproduced Growth of C. comptafemales (Fig. 5) mirrored the
larger eggs, and this difference in egg volume was stafiattern for the entire experimental population (Fig. 2).
tically significant compared to all treatments excepemale growth was significantly higher on thetocarpus
Polysiphonia Despite producing larger eggs, the totahixed algal, and mixed algakttemiatreatments than on
volume of the clutch was significantly smaller for fethe Polysiphonia Fucus or Artemia treatments. Female
males fed orSargassunbecause they produced so fewyrowth onEnteromorphavas intermediate and statistically
eggs P=0.027, one-way ANOVA; Fig. 4). However, asndistinguishable from all other treatments. Similar to the
with clutch size, clutch volume showed high variangaatterns for growthC. comptafemales ovulated at signifi-
among treatments and post hoc comparisons could ardntly larger sizesP<0.001, one-way ANOVA, Fig. 5) in
detect statistical differences between the mixed #te Ectocarpus mixed algal, and mixed algaftemia
gae+fArtemia diet and theSargassunmonospecific diet treatments, than on tlRolysiphonisandFucustreatments.
(P<0.05, Welch's test; Fig. 4). Length at ovulation was intermediate in teteromorpha

For C. compta of the 49 females developing secondindArtemiatreatments, which were not statistically differ-
ary sexual characters, only 3 failed to ovulate (one ént from any of the other diets (Fig. 5).
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_ P=0.007 mixed algal4Artemiatreatment than oArtemiaalone or

] B T B on Ectocarpus but indistinguishable from the mixed al-
204 ™ gal diet. The mixed algal treatment did not differ from
] any treatment producing more than one female. Al-
7.54 though differences in female size were significant, they
] were small (5—-10%). In contrast, differences in gonadal
1.0 size among some treatments were laige0(02, one-

] way ANOVA; Fig. 6). Gonads of females fed &cto-
0.5 carpuswere 42% smaller than those of females fed on
Tl tsl 11l 171 19l ho mixed algaeArtemiaand this difference was significant
0- — — = = (P<0.05, Tukey’'s HSD). However, gonadal area in the

mixed algae, and th&rtemiatreatments were not statis-
tically different from any of the other treatments, despite
9, P=0.020 A being considerably larger than BotocarpugFig. 5).

Length of Females (x1 03 ym)

6 L Discussion

Because plant tissue is nutritionally poor and feeding from
one or a few plant species may not provide balanced nutri-
tion, both mixing of food plants and occasional carnivory
have been interpreted as strategies enhancing nutrient ac-
D quisition in herbivores (Mattson 1980; White 1993). The

3

3

w

benefits of these feeding behaviors, however, are not al-
ways apparent because many studies demonstrating die-
tary mixing do not test the consequences of single versus
mixed diets on consumer performance (e.g., Kitting 1980;
Belovsky 1984; Speiser and Rowell-Rahier 1991; Dearing
and Schall 1992; see also Pennings et al. 1993). Neverthe-

Fig. 6 Reproductive traits measured @. mucronatusfemales. |ess, studies have shown that aquatic micrograzers may at-
The Enteromorphaand Fucustreatments are not included in th:[§
a

analyses because only one female matured in each, but the ng?hlgher fitness by supplementing their algal diets with
n

Area of Gonads/Female Side (105 ym?)

Ectocarpus

Mixed Algae |
Artemia {

Mixed Algae

Enteromorpha D
+Artemia

are shown for comparison. Other symbols and analyses are OZ,Oa Or,CyanObaCte”a (Sanders et al. 1996;_ Schmidt
Fig. 4 Jonasdottir 1997; DeMott 1998). Supplementing natu-
ral plant diets with animal material enhances performance
or fitness in some crustaceans (McTigue and Zimmerman
Ovulation occurred significantly sooneP=0.005, 1991; Kennish 1996; Cruz-Rivera and Hay, in press), and
one-way ANOVA; Fig. 5) in the mixed algal treatmerntas been suggested or demonstrated to enhance fitness for
than in either thd=ucusor Artemiatreatments, but all terrestrial herbivores (Johnson and Boyce 1990; White
other diets were intermediate and statistically indistit993). Bjorndal (1991) showed that freshwater turtles
guishable from all other treatments. Variance in clutcould increase digestibility of plant matter by also con-
sizes was high, but differences among treatments wsuening insect larvae, thus demonstrating a possible mech-
significant £=0.015, one-way ANOVA, Fig. 5). Femalesaanism through which dietary mixing could further en-
on Fucus produced significantly fewer eggs than thodgance fitness by indirectly enhancing the assimilation of
on the mixed algalArtemiatreatment P<0.05, Welch’s plant material. Similarly, mixing plant foods has positive
test), but none of the other treatments were statisticadffects on the performance of some gastropods (Watanabe
different from the rest despite large differences in meaf84; Pennings et al. 1993), fish (Lobel and Ogden 1981),
egg output (Fig. 5). The patterns for clutch volume miand insects (MacFarlane and Thorsteinson 1980; White
rored those for clutch sizé£0.013, one-way ANOVA; 1993; Bernays et al. 1994; Bernays and Minkenberg
Fig. 5). 1997). However, mixed algal diets have not been demon-
Becauses. mucronatuslid not produce eggs, we anastrated to be better than some single foods for certain sea
lyzed the size of the females and the area of the develaghins (Larson et al. 1980; Steinberg and van Altena
ing gonads after 30 days. TEmteromorphaand Fucus 1992) or gastropods (Rogers et al. 1995; see also Pennings
treatments produced only one female each, so these éwal. 1993).
treatments were excluded from the analyses. No femaledn our experiments, all amphipods survived, grew
with gonads occurred in thReolysiphoniatreatment. In well, and attained high fecundity on mixed diets. In most
fact, few matured to the point of expressing secondamgtances, however, the fithess on mixed diets was
sexual traits clearly, and only one female could be posiatched on some single plant diets suclte®carpus
tively identified. Female size after 30 dayB=0.007, Only for G. mucronatuglid we find that mixed diets en-
one-way ANOVA; Fig. 6) was significantly higher in thénanced fitness over all monospecific algal diets (Fig. 6).
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Contrary to what one might expect from the generally The value of specific algae as foods showed interest-
held notion that plant-eating consumers are nitrogen lilmg contrasts and similarities. In genekial siliculosusas
ited (Mattson 1980; White 1993), adding animal tiss@esingle food source was a higher-quality food for all
(Artemig to the mixed seaweed diet did not significantfipur amphipod species. However, far marcuzzii S. fi-
affect survivorship, growth, or fecundity of any of th&pendulawas as beneficial d&ctocarpugTable 1, Figs.
consumers tested. Additionally, fok. valida and C. 1, 2, and 3). In contrasfargassumvas among the poor-
compta limiting the consumers tértemia suppressed est, if not the poorest, of all monospecific algal diets for
survivorship and growth more than limiting them tthe other three amphipods (Table 1, Figs. 1, 2, 4, and 6).
some single algal diets. Given the number of studi€ke relative food values &:. flexuosaPolysiphoniasp.,
showing, or suggesting, positive effects of occasioraldF. vesiculosuslso varied considerably among meso-
carnivory for herbivores and omnivores, our results fgrazers. For examplé&nteromorphasuppressed devel-
A. validaand C. comptaappear unusual. They suggesipment inA. marcuzzii but for the congenerié. validag
that these amphipods may be more herbivorous &anamphipods fed orEnteromorphaand Ectocarpushad
mucronatuswhich performed relatively well on a diet okequivalent survivorship, growth, and fecundity (Table 1,
Artemia alone. Most overviews suggesting that herbiigs. 1, 2, and 4). Fo€. compta Enteromorphapro-
vores are nitrogen or protein limited have focused pduced lower survivorship and growth comparedt tbo-
marily on interactions between terrestrial herbivores acarpusand the two mixed-diet treatments (Figs. 1, 2).
higher plants (e.g., Mattson 1980; White 1993). Becauser this amphipod, we were unable to rigorously docu-
seaweed thalli tend to be less refractory and more digesént suppressed reproduction in Ergeromorphdreat-
ible than the foliage of terrestrial plants, it is possibfeent compared to others (Fig. 5), but our power to detect
that nitrogen acquisition may be less critical for marirstatistical differences among diets was constrained by
than for terrestrial herbivores. the low number of females maturing and ovulating on
For all species, culturing amphipods on mixtures ebme diets.
algae generally resulted in similar survivorship, growth, Amphipods also differed considerably in their perfor-
and fecundity as feeding oB. siliculosusalone. This mance on thePolysiphoniadiet. A. marcuzziiisolated
suggests thad. validaand C. comptawere either feed- with Polysiphoniasp. died at the same rate as in the
ing selectively on this alga or combining diets withostarved treatment (Fig. 1Jzammarusand Cymadusa
any relative benefit over consuming orictocarpus survived at intermediate rates &olysiphonia(Fig. 1),
For A. marcuzzii fitness on the mixed algal treatmeribut A. valida survived and produced eggs as well on
was equivalent to that on eithBctocarpusor Sargas- Polysiphoniaas on any of the diets (Table 1, Figs. 1, 2,
sumalone (Figs. 1, 2, and 3), implying that this amphénd 4). Although bothPolysiphoniasp. andE. siliculo-
pod was selectively consuming either of those algae,soswere collected as epiphytes 8f filipendula these
combining diets without enhancing its fithess over sorhgo algae were clearly different as food sources for these
monospecific diets. However, a previous investigati@mphipods. Grazing by mesoherbivores on epiphytic al-
conducted in this same area demonstrated Ahahar- gae can be beneficial to aquatic plants by reducing the
cuzziistrongly preferre. filipendulaoverE. siliculosus negative effects of shading, drag, or competition for nu-
when various sympatric seaweeds were offered simulidents that epiphytes exert on their hosts (Orth and
neously (Duffy 1990). Both algae are abundant duringn Montfrans 1984; Jernakoff et al. 1996). Thus, meso-
the times of the year whef. marcuzziirecruits. This grazer feeding on epiphytes is viewed as an important
suggests that feeding choices of this amphipod may potcess in marine plant communities (Orth and van
correlate closely with dietary consequences on fitness.Montfrans 1984; D’Antonio 1985; Brawley 1992;
Disparities between feeding choices and fitness condernakoff et al. 1996; Jernakoff and Nielsen 1997; but
guences of diet have been best studied in herbivoroussiee Mukai and lijima 1995). However, Duffy (1990)
sects for which predator escape, mate searching, low rdiemonstrated that the effects of amphipods on hosts ver-
tive mobility, or constrained ability to “remember” foodsus epiphytic algae depended on the amphipods in-
plants can strongly affect feeding preference and hwstved; some species selectively graze epiphytes while
plant choice (Price et al. 1980; Bernays and Grahathers focus on host tissue. Our data suggest that not on-
1988; Futuyma and Moreno 1988; Courtney and Kibdiathe mesograzer species, but also the identity of the
1990; Hay and Steinberg 1992). Although survivorshgpiphytes, will influence the potential for consumers to
and growth ofG. mucronatu®n Ectocarpuswvere similar control fouling (Jernakoff et al. 1996; Jernakoff and
to survivorship and growth on the two mixed diefdielsen 1997). Some amphipods attained high fithess by
(mixed algae and mixed algakrtemia), gonad produc- feeding on some epiphytek.(siliculosu$, while dying
tion was=40% less on thé&ctocarpusdiet than on the rapidly if they fed on otherdPplysiphoniasp.). Some of
mixed diets. This difference, however, was only signifihe species tested faired as well on large macrophytes as
cant whenEctocarpuswas compared to the mixed alon filamentous algae. For sea urchins, which may feed
gae-+Artemiatreatment, but not the mixed algal treatmentn coarser spatial scales than amphipods, it has been
Nevertheless, reproductive potential was suppressianonstrated that the attractiveness of potential food
when G. mucronatusfed only onEctocarpus For this plants can be dramatically altered by the epiphytic spe-
amphipod, dietary mixing was clearly beneficial (Fig. 6)cies fouling host algae (Wahl and Hay 1995). Variability



261

in epiphyte community structure may therefore haepring (but see Karlsson and Wiklund 1984). For exam-
complex indirect consequences for the dynamics &, when food is limiting, larger eggs can produce larger
plant-herbivore interactions, even for herbivores foragewborns that are more resistant to food limitation or
ing at different scales. have increased ability for dispersal compared to smaller
F. vesiculosusvas generally a poor food for all thenewborns (Capinera 1979; Brody and Lawlor 1984;
species against which it was tested (Figs. 1, 2, 4, 5, &hdchings 1991; Leather 1994; Williams 1994; Smith
6). NeverthelessA. valida occurs at high densities orand Bruun 1998). Bigger eggs may also produce larger
Fucus(Deal 1997), and this alga seems to be a preferadtspring that are less susceptible to predation (Kaplan
host for A. validain North Carolina (E. Cruz-Rivera,1992). The costs and benefits of variable size in amphi-
personal observation based on numerous field collpod eggs remain to be studied.
tions). Recent investigations have shown that this amphi-Our findings that two of the three amphipods tested
pod associates witRucusin the field, feeds readily onon Artemiaalone show strong detrimental effects of con-
Fucus and remains in the tubes it constructs on this seaming animal matter suggest that these species may be
weed even at low tide when the plants are completely better adapted to algal than animal food. These findings
of the water (Deal 1997; E. Cruz-Rivera, personal obsestate well to published observations on the amphipod
vation). This close association betwe®rnvalidaandFu- species studied here. For example,marcuzziiand A.
cusat some sites, despite the costs in performance it ealida both readily consume large seaweeds, and asso-
tails, could be explained if the amphipod gains protedate with macroalgae in the field (Nicotri 1977, 1980;
tion from predators, or achieves other indirect advanfauffy 1990; Duffy and Hay 1994; Alonso et al. 1995;
ges, by living on and consuming a suboptimal food. IBeal 1997).C. comptaassociates with algae (Hauxwell
teractions between predation pressure, habitat choeteal. 1998; also see Materials and methods) but it is
and constraints on diet have been suggested, or shaalsy abundant among seagrasses (Nelson 1979a, 1979b;
to be important for herbivores as diverse as sea urchb®ner 1979; Lewis 1984). Althoudgh comptacan con-
crabs, polychaetes, gastropods, amphipods, insects, sunde detritus, algae, and some vascular plant material
desert rodents (Vance and Schmitt 1979; O’Dowd adelson 1979b; Hauxwell et al. 1998), it apparently pre-
Hay 1980; Price et al. 1980; Hay and Fuller 1981; H&grs macroalgae and epiphytes over detritus (Zimmerman
et al. 1987, 1988a, 1988b, 1990; Bernays and Grahetal. 1979; but see Nelson 1979b). Our data show that it
1988; Futuyma and Moreno 1988; Courtney and Kibatan successfully live as a herbivore without supplement-
1990; Duffy and Hay 1994; Stachowicz and Hay 199®yg its diet with animal matter or detritus (Figs. 1, 2,
1999; reviewed in Hay 1992, 1996; Hay and Steinbeagd 5).
1992). Although we observed that feeding onlyFarcus In contrast to the other amphipodS, mucronatus
caused average decreases in fecundity, some individp&lsformed well on animal matter, algal mixtures, or a
developed and ovulated at similar rates as those livingammbination of animal and algal food, arguing for a
better diets. It is possible that genetic diversity or phermere generalized, omnivorous diet as has been previous-
typic plasticity accounts in part for the success of tHis suggested (Zimmerman et al. 1979; LaFrance and
amphipod in colonizing diverse habitafs. validais not Ruber 1985; Barlocher and Howatt 1986; Fredette and
a specialist, and it associates with brown, green, and Badz 1986; Cruz-Rivera and Hay, in press). Altho@h
algae, as well as seagrasses, at different sites aroundrtheronatuss often assumed to be an omnivore feeding
world (Nicotri 1977, 1980; Pomeroy and Levings 198@n plants, animals, and detritus, gut contents have not
Duffy and Hay 1994; Alonso et al. 1995; Deal 1997). Honfirmed its use of animal matter (Barlocher and
interactions among host plant choice, feeding, and fHowatt 1986;Carinogammarus mucronotus Sanders
ness are important for this species, they could be contetxial. 1962), and manipulative studies on food choice
dependent or operate as local phenomena. have not used animal material among the foods offered
Interestingly,A. validafemales feeding oBargassum (Zimmerman et al. 1979; Duffy and Hay 1994). In our
produced eggs that were significantly larger than egggperiments, we often observed. mucronatusgrab
from females in all other treatments HRblysiphonia pieces ofArtemia and feed in a fashion described for
even though theSargassumdiet strongly suppressedother species octammarugMacNeil et al. 1997), even
clutch size. Females dBargassunalso became oviger-though algal foods were abundant. This behavior was not
ous at a smaller size (Fig. 4). It appeared thavalida observed foA. validaor C. compta Thus,Gammaruds
feeding onSargassunattempted to compensate for thékely to be a more generalized feeder that exploits detri-
low numbers of eggs by making larger eggs. In contrast, animal, and plant matter, although it is capable of
for C. comptathere was a non-significant trend towardsurviving and maturing by feeding only on certain sea-
larger eggs when that amphipod fed on nothingHutiv- weeds (e.g.Ectocarpu$, despite achieving lower fecun-
carpus (Fig. 5), the monospecific diet producing thdity than on a mixed diet or a diet of only animal matter
highest overall survivorship, growth, and fecundity. Eqgig. 6).
size can be influenced by food quality or quantity in di- Lack of reliable information on the trophic ecology
verse animals (Helm et al. 1973; Bayne et al. 19%#; marine mesograzers has often lead investigators to
Brody and Lawlor 1984; Leather 1994; Williams 1994ssume that most mesograzers exploit similar resources
and this can have important consequences for their ¢feviewed in Brawley 1992). However, sympatric me-
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sograzers may live in very close proximity while ex8ernays EA, Bright KL, Gonzalez N, Angel J (1994) Dietary
ploiting markedly different resources, thus having dif- m|X||ng in a generalist herbivore: tests of two hypotheses.
ferential impacts on communities (Duffy 1990; Brawley; =c0109Y, 75:1997-2006

. Yiorndal KA (1991) Diet mixing: nonadditive interactions of diet
1992; Jernakoff and Nielsen 1997; Duffy and Hay, in items in an omnivorous freshwater turtle. Ecology 72:1234—

press). In the case of the amphipods studied here,1241 . .
considerable variance in the effects of different foo8gusfield EL (1973) Shallow water gammaridean Amphipoda of

iti ; ; .« New England. Cornell University Press, Ithaca
suggests that nutritional requirements can be quite cgtawley SH (1992) Mesoherbivores. In: John DM, Hawkins SJ,

ferent even among congeners (eAy., marcuzziiand Price J (eds) Plant-animal interactions in the marine benthos.
A. validg. The among-species patterns of food use Clarendon, Oxford, pp 235-263 S o
also suggest that the variable ability of mesograzé&redy MS, Lawlor LR (1984) Adaptive variation in offspring size

to use alternative plant or animal resources will deter- in the terrestrial isopodrmadillium vulgare Oecologia 61:

mine how populations will be affected when preferree,jinera Ji (1979) Qualitative variation in plants and insects: ef-
foods become limiting (see also Pennings et al. 1993 fects of propagule size on ecological plasticity. Am Nat 114:
Bernays and Minkenberg 1997). 350-361

The three species of amphipods that showed no fayrtney SP, Kibota TT (1990) Mother doesn’t know best: selec-

. Y : tion of hosts by ovipositing insects. In: Bernays EA (ed) Plant-
gains from mixing foods are all tube builders that_ insect relationships, vol 2. CRC, Boca Raton, Fla, pp 161-188

spend considerable time in close association with thetiz-Rivera E, Hay ME (in press) Can quantity replace quality?
hosts. In contrast, the species showing enhanced fithes§&ood choice, compensatory feeding, and fitness of marine me-
on a more diverse diet is a more mobile amphipad Sograzers. Ecology

e i "Antonio C (1985) Epiphytes on the rocky intertidal red alga
(Duffy and Hay 1994) that is likely better able to searaﬁ Rhodomela lariqTurner) C. Agardh: negative effects on the

for different foods. Links between mobility and diet nostand food for herbivores. J Exp Mar Biol Ecol 86:197-218
have been noted before in both marine and terrestbahl MS (1997) The causes and consequences of within-species
systems (Hay et al. 1987, 1988b; Bernays and Grahanvariation in seaweed chemical defenses. PhD thesis, Universi-

. ; . .ty of North Carolina at Chapel Hill, Chapel Hill, NC
1988; Courtney and Kibota 1990; Duffy and Hay 199 ‘earing MD, Schall JJ (1992) Testing models of optimal diet as-

,Cruz'R“_/era an_d Hay’ in p_ress), bu,t f[he role of mobility sembly by the generalist herbivorous lizaZdemidophorus
in favoring or inhibiting dietary mixing has not been murinus Ecology 73:845-858

explicitly addressed (but see Bernays and Minkenbé¥gLong MD, Summers RB, Thorp JH (1993) Influence of food
1997). Although dietary mixing is important for diverse yPe on the growth of a riverine amphipd&ammarus fascia-

; . . tus. Can J Fish Aquat Sci 50:1891-1896
animals, it may be less important for some small hfzyo WR (1998) Utilization of a cyanobacterium and a phos-

bivores like Ampithoe and Cymadusa whose lower phorous-deficient green alga as complementary resources by

mobility may restrict their ability to acquire diverse daphnids. Ecology 79:2463-2481

foods. Duffy JE (1990) Amphipods on seaweeds: partners or pests?
Oecologia 83:267-276
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