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Abstract The objective of this study was to determine Ihtroductlon
pond permanence and vertebrate predation (by fish al
waterfowl) affect invertebrate community structure in thehe roles of abiotic and biotic factors in shaping the or-
mudflat habitat of floodplain ponds. Invertebrate conganization of communities has been of enduring interest
munities were studied for 1 year in four Mississippi Rite community ecologists. Physical factors are often em-
er floodplain ponds with different hydroperiods. Pond ghasized as determining patterns in the distribution and
experienced five dry periods, pond 2 experienced foehundance of species over broad scales, while the rela-
pond 3 dried once, and standing water remained in paiveé importance of biotic factors is thought to be greater
4 for the entire year. Vertebrate predator exclusion treater more local scales (Dayton and Tegner 1984; Menge
ments (all access, no access, small-fish access and eageOlson 1990; Levin 1992). Although there has been a
controls) were placed in all ponds. As pond duration itendency to stress the importance of biotic factors (Dun-
creased, predatory invertebrate richness and abundawge and Travis 1991), it is clear that abiotic and biotic
increased while overall invertebrate richness and abti#etors can interact strongly over local scales to affect
dance decreased. With the exception of the cladocetla@ structure of communities (e.g., Connell 1978; Paine
Diaphanosoma all commonly encountered taxa werand Levin 1981; McAuliffe 1984). Identifying how a
strongly affected by pond permanence in terms of abwamplex interplay of factors affects the organization of
dance, biomass and, generally, individual biomass. Taxanmunities and the scale dependency of various struc-
were nearly early divided between those that were maieing mechanisms remains an important challenge to
abundant in less permanent ponds and those that wi@munity ecologists.
more abundant in longer-duration ponds. Invertebratein temporary ponds, the hydrologic cycle strongly in-
taxa richness, abundance, and total biomass were lofi@nces which species can maintain populations. To
in the all-access treatment than in the treatments thatgemplete their life cycles, organisms must be able to
stricted predator access, and these effects were stromggrstand desiccation or must complete development and
in the more permanent ponds. In general, there wereengerge before the pond dries (Schneider and Frost
significant differences in responses to the treatmen®96). The long larval periods of some organisms pre-
with small-fish access and no access. These results siyde the use of temporary ponds, while explosive breed-
port models that predict relatively weak effects of preders may colonize new ponds to avoid high risks of preda-
tion in frequently disturbed habitats. tion and competition (Wilbur 1987). The strength and
relative importance of biotic interactions (e.g., competi-
Key words Disturbance frequency - Habitat duration - tion versus predatation) in affecting community structure
Macroinvertebrates - Floodplain ponds - Pred:tion should also depend on the hydrologic cylce of a pond.
Competition and predation may be relatively unimpor-
tant in ponds that dry and refill frequently, while in more

D. Cortit - S.L. Kohler []) permanent ponds, predators may maintain prey densities
lllinois Natural History Survey, Center for Aquatic Ecology, at levels that preclude strong competitive interactions
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on flood magnitude and position of ponds relative to theys to affect the structure of invertebrate communities
river. River water can serve as a source of colonists iiofloodplain ponds.
these ponds. In addition, terrestrial barriers betweenThe purpose of our study was to examine the effects
ponds may be eliminated during a flood, allowing orgaaf predation and pond permanence on the benthic inver-
isms to move between ponds. Thus, ponds that, teprate community of the open water habitat in flood-
chance, had lacked vertebrate predators may be c@lain ponds. We estimated the invertebrate biomass
nized by them during floods. This scenario suggests thailable to predators in ponds with different hydroperi-
community dynamics in floodplain ponds should beds and we used predator exclusion to assess whether
more strongly influenced by colonization processes théish and waterfowl affect invertebrate community struc-
other temporary ponds (see Schneider and Frost 1996)ure in this habitat.

Many North American large river floodplains have
been altered and are now managed for the production-ef—
waterfowl. Hydroperiods are frequently managed to riaterials and methods
duce water levels, resulting in increased germination of .
moist-soil plants, an important waterfowl food sourcé?tUdy site
Such management has been shown to ?'ther have nOrﬁE‘ study was conducted at the US Army Corps of Engineers
fect (Batzer and Resh 1992) or a negative effect (Pat@irerlands Environmental Demonstration Area Wildlife Refuge
son and Fernando 1969; Kaster and Jacobi 1978; HudR®A; Fig. 1), located upstream of Melvin Price Lock and Dam at
and Kadlec 1992) on invertebrate communities. reach 26 of the Mississippi River in St. Charles, Missouri, 30 km

. - . 8 river miles) upstream from St. Louis. The Riverlands is a wet-
As the water level declines in floodplain ponds, pr ind complex 3.33 km in length and 0.833 km in width. The ponds

dation by waterfowl on benthic invertebrates increasgs natural depressions and are connected by dredged channels ex-
(Reid et al. 1990). Migratory waterfowl have been showsnding to the Mississippi River through flood control levees. This
to affect pond invertebrate communities in the spriﬁe WasI regtored ijrom farmland to Wgtlellnd prairieddléring 1989.
e wetlands used were not aggressively managed by pumping.
(Krull 1976) and auw.mn (Peterson ?t al. 198.9)' I.n ¢ timing and magnitude of flooding, as well as drying, were de-
trast, as water levels increase, allowing colonization at@Fﬁﬂned by water levels in the Mississippi River. The Corps oper-
survival of fish, risk of predation to benthic invertebrateges the dam to maintain a constant water level at a gauge midway
by fish increases (Batzer and Resh 1992). Fish are vbetlveen the downstream dam and the next dam upstream. There-

known to structure inverbetrate communities in littor&tre, when a large flood is anticipated, the dam gates are opened
ther, thereby lowering the water level at the downstream end of

ar.e,as of permanent ponds and lakes (Ha” etal. 19 rreach (Sparks 1992). When the water level in reach 26 was
Gilinsky 1984; Post and Cucin 1984; Mittlebach 198&wered, water drained from the EDA. When the water level at the
Luecke 1990; Huener and Kadlec 1992). Similarly, imver gauge was greater than 419 fit above sea level, fish and inver-
vertebrate species richness has been observed to de médieﬁﬁﬁe%?fat\?v ﬁgﬁ?tsvsvégf/v area through channels. Waterbirds
with increasing water depth (Banasza.k and Kaspr &Ql'he four ponds (Fig. 1) differed in topography and proximity
1980). Therefore, water level fluctuations, waterfows the river and therefore had different hydroperiods. Two ponds
predation, and fish predation could interact in complexre mostly wet throughout the study, while the others were ex-

Fig. 1 A map of the Corps

of Engineers Riverlands Envi-
ronmental Demonstration Area,
which is located next to pool
26 of the Mississippi River and
Ellis Bay Waterfowl Refuge in
West Alton, Missouri, 30 km
upstream of St Louis. The site
has four ponds with slightly
different hydrological patterns
due to area topography and
proximity to the river. Depth
contours are for 30.5-cm inter-
vals.Filled circlesmark the lo-
cation of sampling plo's

Kilometers.
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pected to dry periodically. Great blue herodgdea herodiay with the blocking factor in the model. All dependent variables
great egrets@asmerodius albys mallards Anas platyrhynchgs were transformed by Iqg (X+1) (abundance) or Iqg (X+0.001)
and other waterfowl regularly used the area. When water lev@dgomass) to stabilize variances. If the pondxpredator interaction
permitted, carp Qyprinus carpi9, green sunfishLepomis cyan- was insignificant, we repeated the analysis using untransformed
ellus), goldfish Carassius auratys and Kkillifish Fundulussp.) data, because measurement scale (i.e., transformed versus untrans-
were observed in all ponds. Fish population densities were not flemed) can affect interpretation of interaction effects (Winer
termined. 1971). Repeated-measure ANOVAs on abundance, mean individu-
al biomass and total biomass were also performed for taxa that
were commonly observed in the ponds.
Methods Because the cage control treatment was unreplicated, it was not
included in the model. Rather, we tested for systematic bias in the
. . . cage controls relative to the all-access treatment (open plots). For
S e e ey A pond and sampling date, we recorded whether the cage cor-
v fluct pt' - ter level. Th dat freat [ value was less, greater or within one standard deviation (SD)
y tluctuations in water level. Threée predator access trea mﬁB Yhe no-access mean. These scores were tallied for all ponds and
wle;e _applle?] to egch pond a”‘i eaﬁh wzéstrephcaéed twice. 1WQ1ling dates. If there was no bias associated with the cage con-
plots In €ach pond were open to all predators and no cageé Yge then an equal number of values should have occurred above

placed on them. This treatment will be referred to as “all acces3 | pelow the all-access mean+l SD. We tested for departures
The remaining plots received exclusion cages of 1x1 m to rest this expectation using binomial tests

predator access. The cages were constructed using 0.4-cm plast rthogonal a priori contrasts were used to identify factors re-

mesh attached to gwggf{ﬁn fram%_mreg st{des and the to;t) Ofl BRsible for significant treatment effects. For the pond effects, or-
cage were covered with this mesh, the bottom was open 10 aliiq5na) contrasts compared the two more temporary ponds (pond
benthos immigration and emigration. The fourth side of the cag€,s nond 2) 'the two more permanent ponds (pond 3 vs pond 4),
vre ependng 3 saman o o e el i 0 2T Voo S L o a2 1
- - ' - and 4). Orthogonal contrasts of the predator effect tested for a
covered ‘{"'tr EI’?E?[ cm><7.62ﬂ(]:m rf‘rf]esth.f'l;ne ponds talsct) had QA% fish effect by comparing the plots with restricted predator
icna\‘/ge?tgt?rnatrg c%r%m%nailtsyse?ﬁe fc?u?thegi d?e of ?hgag:gz rcugnltjrrglsona ss (small-fish access vs. no access) and for an overall effect of
. : tebrate predators (all access versus restricted access). Contrasts
not cgv;aretﬂ with pIasTlct sg:reen.hTreatdmeélts w;eré—: randomly g% ihe pondxpredator interaction were the six possible combina-
signed to the seven plots in each pond. Except during rare Ngh o ¢ thogonal contrasts for pond and predator effects. Statis-

water, the cages protruded from the water and were easily samp analyses were conducted only on the eight sampling dates
by lifting the top. The cages were placed in the ponds in Novelfiz: ail ponds had standing water

ber 1991 and secured with steel rods.

Water depth measurements were taken daily from the deepest
point in each pond. If puddling was observed, but the amount-of
standing water was not measurable, and the benthos sampler R&seIlts
below) could penetrate the soil, it was considered moist. Dry soil

indicated no standing water, terrestrial plants germinated, and fige water level in the Mississippi River at reach 26 near

sampler could not penetrate the soil. Invertebrate samples ; : -
taken at monthly intervals from January 1992-December 19 8 dam in 1992 did not experience an unusual flood or

sured in each pond on most sampling dates. Invertebrate samfi@ading of the EDA. The temporary wetland ponds in the

were taken using a Plexiglass core sampler (area=0.083t® ra

depth of 10 cm. Two random samples were taken from each plot

and preserved with 10% formalin. Samples were taken only when 400

the ground was moist enough to allow penetration of the sampler

and therefore none were taken when ponds were dry. Samples

were rinsed through a 8§0m sieve, and sorted in their entirety at 350

x10 magnification. Samples with large numbers of individuals of

certain taxa, especially Chironomidae and Oligochaeta, were sub-

sampled prior to identification of those taxa. Only whole individu- 300

als or anterior ends of aquatic Oligochaeta were counted and iden-

tified using Brinkhurst (1986). Chironomidae (Weiderholm 1983;

Merritt and Cummins 1984) and all other macroinvertebrates

(Thomsen 1937; Chu 1949; Merritt and Cummins 1984; Balcer et

al. 1984; Wiggins 1977; Burch 1989; Provonsha 1990) were iden-

tified to the lowest possible taxonomic level. Biomass was esti-

mated from length-dry mass regressions on organisms from the

EDA for all taxa except zooplankton (D. Corti, unpublished data). 150 |

Gastropod mass was measured without shells. Zooplankton mass

was estimated using published length—dry mass regressions (Du-

mon et al. 1975; Culver et al. 1985). 100 |
A Friedman rank analysis was used to test for differences in

chemistry between ponds. A chi-square test was used to detect dif-

ferences in hydroperiods of the four ponds by assessing number of 50

days with standing water, moist soil (small puddles but no measur-

able depth over the deepest part of the pond), and dry soil. Taxa

were separated into predator or nonpredator categories. Repeated- 0

measure one-way ANOVAs, blocking by pond, were used to deter- 1

mine differences among predator treatments in taxa richness, total Pond

invertebrate abundance, and total biomass for each category. Be-

cause we were interested in whether predation effects were mé&dy 2 The number of days during the study that each pond con-

ated by pond permanence, we included all possible interactit@ised standing water, moist soil but no standing water, or dr:; soil

1 standing water —
. moist soil
dry soil
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Fig. 3 Total invertebrate abundance (numbej/nthe abundance
of predaceous invertebrates, and the percentage of invertebrate
taxa that were predaceous in each pond. Results are the mean+SE -

/ :

Pond

averaged over all sampling dates and treatmert33)

Table 1 Repeated measures ANOVA for the three summary vari-

ables of benthic invertebrate community struc:ure

Source SS df F P Adjusted P
Taxon richness

Pond 0.389 3 3.855 0.038
Predator 0.409 2 3.079 0.015
Pondxpredator 0362 6 1.794 0.183

Error 0.404 12

Date 0.485 7 2.453 0.024 0.058
Datexpond 2460 21 4.146 0.000 0.000
Datexpredator 0.118 14 0.299 0.993 0.964
Datexpondxpredator 0.567 42 0.478 0.995 0.974
Error 2373 84

Abundance

Pond 8.155 3 54.626 0.000
Predator 1.305 2 13.108 0.001
Pondxpredator 2016 6 6.763 0.003

Error 0.597 12

Date 5497 7 9.871 0.000 0.000
Datexpond 7.9 21 4.728 0.000 0.000
Datexpredator 0.538 14 0.483 0.872 0.872
Datexpondxpredator 3.403 42 1.019 0.461 0.464
Error 6.683 84

Total biomass

Pond 5,520 3 10.697 0.001
Predator 2902 2 8436 0.005
Pondxpredator 3478 6 3.370 0.035

Error 2.064 12

Date 14559 7 14.923 0.000 0.000
Datexpond 24125 21 8.242 0.000 0.000
Datexpredator 0.841 14 0.431 0.960 0.991
Datexpondxpredator 0.519 42 1.284 0.165 0.217
Error 11.708 84
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Fig. 4 Invertebrate taxa richness (mean+S3E2) in each pond

for each predation treatmentircles indicate open plotssquares
indicate small-fish access, and triangles indicate no access. Only
open plots were sampled in Jant:ary

EDA varied in their response to the imundation. Pond 1
dried out five times, had the least number of days with
standing water, and the most days with moist soil. Pond 2
dried four times, had slightly more days with standing
water, fewer moist-soil days, and the most dry-soil days.
Ponds 1 and 2 lacked standing water for much of
March—May and July—September. Pond 3 dried out once
for a few days, and pond 4 had measurable standing water
throughout the study (Fig. 2). These hydroperiod differ-
ences among ponds were highly significgq®=864.07,
df=6, P<0.001). Pond water chemistry (dissolved oxygen,
pH, conductivity, temperature) did not differ between
ponds, although pond 4 tended to be slightly cooler
(Friedman=6.94P=0.074).

A total of 98 invertebrate taxa were observed during
the study, of which 49 were found in all ponds. Thirty-
one taxa were found only in the less permanent ponds
(ponds 1 and 2) and 18 were found only in the longer-
duration ponds (ponds 3 and 4). However, all but one of
these 49 taxa with restricted distributions were encoun-
tered rarely (i.e., mean abundance/sample sdasdi-
vidual in all treatments on most sampling dates).

Total invertebrate abundance decreased as pond per-

a Significance level adjusted by the Greenhouse-Geiser epsifB@nence increased. The abundance of predatory inverte-

methoci

brates and the proportion of invertebrate taxa composed
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Table 2 Summary ofF values

and their significance levels Taxon Month Pond effect 1vs.2 3vs. 4 LP vs. MP
from repeated-measures
ANOVASs for responses of indi- Abundance
vidual taxa to the pond treat-  Coleoptera
ment and, if significant, the Berosus 6 12.4** 1<2%** 3=4 LP>MP**
results of orthogonal contrasts Chi id
for comparisons among ponds. ért?irr]grqrgmei‘r?i
g"n%”gfo%]?nnclfﬁéfdﬁﬁ?{}‘fry' Chironomus 2,5,6,10-12 1420 1<owx 3=4 LP<MP**
analysis for a given taxon were Dicrotendipest 2,3,5,6,10-12 13.6%** 1<2* 3>4* LP>MP**
those in which the mean densi- Endochironomuss 2,3,5,6,11,12 15, 1% 1=2 3=4 LP>MP#***
ty was >1 individual/sample POIypedllum 2,3,6 20.8*** 1<2%** 3>4* LP>MI***
averaged over all ponds, in at Other Chironomiri 6, 10, 11 25.8*** 1<2%* 3>4%* | P<MP**
least one of the predator treat- 1nytarsint 2-6 67.97* ~ 1<2m* - 3=4 LP>MP+
ments. Degrees of freedom Orthocladiinae 2,11,12 87.0%** 1<2%** 3=4 LP>Mp***
were 3 12 for test of the pond Tanypodinae 2, 6, 10 6.4** 1=2 3<4** LP=MP
effect and 1,12 for the orthogo- Ceratopogonidae
nal contrasts. Ponds are denot- Palpomyi& 3,4,10-12 136.4*** 1=2 3<4r* LP<MP***
ed by number, and lyP (=less Crustacea
D e D ot b Ostracoda 10-12 45+ 1=2 3=4 LP<MP***
3 and 4). Adashindicates that CI%?ggﬁ;%osoma 5 10 11 0.2 _ _ _
the test was not perform:d Copepoda 2 4,5, 10-12 49.9%% 1= 3>4¢  LP>MP***
Nematoda 2,6,10-12 20.9%** 1>2%* 3=4 LP=MP
Oligochaeta
Branchiurab 2,4,5,610-12 - - - -
Other oligochaetes 2-6,10-12 124 . 7%* 1>2%* 3<4r* LP>MP***
Gastropoda
Physella 3,6 33.7*%** 1>2%** 3=4 LP>MPp***
Individual biomass
Coleoptera
Berosus 6 4.1* 1=2 3=4 LP=MP
Chironomidae
Chironomini
Chironomus 2,5,6,10-12 4.0* 1<2** 3=4 LP=MP
Dirotendipest 2,3,5,6,10-12 26.0%** 1<2* 3=4 LP>MP***
Endochironomu$g 2,3,5,6,11,12 15.7%** 1=2 3=4 LP>MP#***
Polypedilung 2,3,6 2.6 - - -
Other Chironomirfi 6, 10, 11 10.7** 1<% >4*** | P<MP*
Tanytarsint 2-6 18.6%** 1<2%** 3=4 LP>MPp***
Orthocladiinae 2,11,12 53.3%** 1<2* 3=4 LP>MP#***
Tanypodinag 2,6,10 5.5* 1=2 3<4** LP=MP
Ceratopogonidae
Palpomyiad 3,4,10-12 33.1%** 1<2** 3=4 LP<MPp***
Crustacea
Ostracoda 10-12 6.2** 1=2 3=4 LP<MP#**
Cladocera
Diaphanosoma 5,10, 11 0.0 — —
Copepoda 2,4,5,10-12 9.4%** 1=2 3=4 LP>MP#***
Nematoda 2,6,10-12 4.3* 1>2* 3=4 LP=MP
Oligochaeta
Branchiurab 2,4,5,610-12 - - - -
Other oligochaetes 2-6, 10-12 3.9* 1=2 3=4 LP>MP**
Gastropoda
Physella 3.6 57.3%** 1>2%** 3=4 LP>MPp***
Total biomass
Coleoptera
Berosus 6 4.9* 1<2* 3=4 LP=MP
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Table 2 (continued)
Taxon Month Pond effect 1vs. 2 3vs. 4 LP vs. MP
Chironomidae
Chironomini
Chironomus 2,5,6,10-12 5.3* 1<2%* 3=4 LP=MP
Dicrotendipes 2,3,5,6,10-12 20.1%*=* 1<2%* 3>4* LP>MP**=*
Endochironomus 2,3,5,6,11, 12 24 1*** 1=2 3=4 LP>MP***
Polypedilun® 2,3,6 5.5 1<2* 3>4* LP=MP
Other Chironomirf 6, 10, 11 19.1%* 1<2** 3>4%** LP<MP*
Tanytarsint 2-6 28.2%** 1<2%** 3=4 LP>MPp***
Orthocladiinae 2,11,12 95, 7%** 1<2%** 3=4 LP>MPp**=*
Tanypodinag 2,6,10 6.4** 1=2 3<4** LP<MP*
Ceratopogonidae
Palpomyi& 3,4,10-12 64.7*** 1<2* 3=4 LP<MP**=*
Crustacea
Ostracoda 10-12 5.2* 1=2 3=4 LP>MP***
Cladocera
Diaphanosoma 5,10, 11 0.2 — — -
Copepoda 2,4,5,10-12 25.5%** 1=2 3=4 LP>MP***
Nematoda 2,6,10-12 7.6%* 1>2%** 3=4 LP=MP
Oligochaeta
* P<0.05; ** P<0.01; Branchiurg 2,4,5,610-12 - - - -
P<0.001 Other oligochaetes 2-6, 10-12 39.5%** 1>2%** 3<4* LP>MPp***
2 The pondxdate interaction  Gastropoda
was significant (see text) Physella 36 5Q, 3% 1>2%** 3=4 LP>MP***
b Taxon found only in pond 4 ' i
pond 1 10000 - pond 1 /AN
\
1000
e aliaccess 100 e allaccess
= small fish access & small fish access
A no access 10 A no access
pond 2 10000 - pond 2 A
Fiﬁ € 1000 - P .
o —
é 100
@
g 10
<

Invertebrate Abundance

0.1

pond 3

Invertebrate B
=)
3
]

100

10 1

pond 4

10000 +

1000

100

T T T T T T
J J A S O N
Month

M J J

Month

Fig. 5 Invertebrate abundance (number per core sample; mean#S§., 6 Total invertebrate biomass (mgnmeant+SEn=2) in each
n=2) in each pond and predation treatment. Symbols as in Fig. 4pond and predation treatment. Symbols as in Fig. 4
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Table 3 Summary ofF values T
and their significance levels axon
from repeated-measures

Source of variation

ANOVAs for responses of indi- Predator Pondxpredator
vidual taxa to the predator
treatments. Results of orthogo- Overall AAvs.RA  (1vs.2)*  (3vs4)*  (LPvs. MP)*
nal contrasts of the all-access (AAvs. RA) (AAvs.RA) (AAVs. RA)
(AA) and restricted-access
(RA=no access+small-fish Abundance
access) treatments are present- Coleoptera
ed if the predator effect or the Berosus 13 - - - -
pondxpredator interaction was Chironomidae
significant. Dates included in Chironomini
the analysis for a given taxon Chironomus 12.9%+ 15.0%* 17.7* 36.0%** 0.3
are as given in Table 2. Degrees  Dicrotendipes 5.3%* 10.0** - _ _
of freedom were 2,12 for test Endochironomus 4.6* Q9.2% - - _
of the predator effect and 1,12 Polypedilum 18.3*** 33.3%% 9.1* 1.6 6.3*
for the orthogonal contrasts. Other Chironomini 4.9% 9.2* 1.0 11.3* 5.2*
Ponds are denoted as in Table 2. Tanytarsini 1.2 — - — —
A dashindicates that the test Orthocladiinae 0.6 — - - _
was not performed. Unless Tanypodinae 0.8 - - — _
noted otherwise, a significant Ceratopogoniidae
contrast resulted when Palpomyia 6.4* 12,5+ 1.0 18.2* 26.4%
Crustacea
Ostracoda 14 - - - _
Cladocera
Diaphanosoma 0.1 - - - _
Copepoda 0.5 - - - -
Nematoda 45 4%+ 89.4%** 10.5** 1.4 31. 2%
Oligochaeta
Branchiurg? 7.1 - - - -
Other oligochaetes 0.5 - 0.4 13.1** 19.8***
Gastropoda
Physella 0.3 - - - -
Individual biomass
Coleoptera
Berosus 0.7 - - - -
Chironomidae
Chironomini
Chironomus 5.2 9.1** 0.4 15.0%** 5.8**
Dicrotendipes 1.0 - 0.0 0.2 2.3
Endochironomus 4.0* 7.7 - - -
Polypedilum 5.7** 7.1%* - - -
Other Chironomini 2.7 3.5 1.2 10.6** 5.6*
Tanytarsing 1.2 - 5.1* 2.4 1.1
Orthocladiinae 1.0 - - - -
Tanypodinae 15 - - - -
Ceratopogonidae
Palpomyia 1.9 - 0.8 12.7* 15
Crustacea
Ostracoda 11 - - - -
Cladocera
Diaphanosoma 0.8 - - -
Copepoda 0.9 - - - -
Nematoda 22.0%** 34.4%* - - -
Oligochaeta
Branchiure 5.4 - - - —
Other oligochaetes 0.0 - - - -
Gastropoda
Physella 0.6 - - - -
Total biomass
Coleoptera
Berosus 0.8 - - - -
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Table 3 (continued)

Taxon Source of variation
Predator Pondxpredator
Overall AAvs.RA (lvs. 2)* (3 vs 4)* (LP vs. MP)*

(AAvs. RA) (AAvs.RA) (AAvs. RA)

Chironomidae

Chironomini
Chironomus 6.4* 10.6** 25 17.7%* 3.0
Dicrotendipes 4.4* 8.6* - - -
Endochironomus 7.0%* 13.8** - - -
Polypedilun® 9.3%** 13.3* - - -
Other Chironomini 4.6* 8.3* 1.2 14.2** 7.1*
Tanytarsini 1.3 - - - -
Orthocladiinae 1.2 - - - -
Tanypodinae 1.6 - - - -
Ceratopogonidae
Palpomyia 2.4 - 1.1 22.6%** 7.5*
Crustacea
* P<0.05; ** P<0.01; Ostracoda 1.2 - - - -
*** P<0.001 Cladocera
a The predatorxdate interaction Diaphanosoma 0.2 - - - -
\évas significant Copepoda 0.5 - - - -
Taxon only found in pond 4: ok - *x -
dffor ANOVA=2,3: Nematoda 34.3 57.9 12.4 0.24 13.8
df for contrast=1,3 Oligochaeta
¢ The pondxcage interaction Branchiurg 12.8** 21.8* - - -
was not significant using Other oligochaetes 0.1 - 0.4 5.4* 11.5%**
log-transformed data. Results Gastropoda
using untransformed data are Physella 0.2 _ _ _ _

reported hert:

of predators increased with water duration (Fig. 3). Bexa were present in the more permanent ponds (Fig. 4;
cause of this pattern, separate analyses were perforiegd~=8.48, P<0.025). Although richness was greater in
for nonpredaceous and predaceous invertebrates. Bhthless permanent ponds, annual diversity and equitabil-
groups responded similarly to the treatments, but duetjoas measured by the Shannon diversity indexahti
the low numbers of predatory invertebrates found in thge was higher in the more permanent ponds (all-access
less permanent ponds, the results presented herepbots: less permanent'#l.58, J=0.44; more permanent
pooled over all invertebrate taxa. H'=2.26, J=0.63). The all-access plots had a lower diver-
There was no evidence that the results for the cagty index then the restricted-access plots in both pond
control were systematically biased relative to results fiypes (restricted-access plots: less permanéni.B5,
the all-access treatment (open plots). For all depend&n®.40; more permanent+2.41, J=0.64.
variables combined, the percentage of cage control val-Total invertebrate abundance was significantly affected
ues that fell above, below, and within 1 SD of the all-aby the predator treatments, but the magnitude of the re-
cess mean was 36%, 29%, and 35%, respectiveponse varied among ponds (Table 1). Fewer individuals
(n=128). There was no significant difference in the numvere present in the more permanent ponds (Fig. 5;
ber of cage control values less than or greater than ffg,~=125.1,P<0.001). The total number of individuals
all-access meantl SD (binomial tests: abundanegs lower in all-access plots than in plots that restricted
P=0.38; taxa richnes$2=0.30; total biomassP=0.36). access by predators, but this effect was much stronger in
Therefore, patterns associated with the predator trdae more permanent ponds (ponds 3 and 4; Fig. 5;
ments should not be attributable to cage structure effedts,~=9.82,P<0.01). Over all dates, total abundance was
For the eight sampling dates on which all ponds cofit.4% lower in the plots open to predators than in the re-
tained standing water, invertebrate taxa richness was sigicted-access plots in ponds 3 and 4, but only 6.7% low-
nificantly affected by the predator treatments, and thein ponds 1 and 2. Invertebrate density did not differ be-
magnitude of the response was consistent across pdmgen small-fish and no-access treatmerits; £0.34,
(Table 1). Invertebrate richness was lower in all-accd®s0.05). This pattern was relatively consistent over time
plots than in plots that restricted access by predat(rs., the dataxpondxpredator and datexpredator interac-
(Fig. 4;F; 157/11.94,P<0.005). This pattern was consistions were not significant; Table 1).
tent over time (the datexpondxpredator and datexpredaTotal biomass was significantly affected by the preda-
tor interactions were not significant; Table 2). Richnetw treatments, and the magnitude of response varied
did not differ between treatments with small-fish acceasross ponds (Table 1). Total invertebrate biomass was
and no access(,,~0.11,P>0.05). Significantly fewer lower in all-access plots than in plots has restricted ac-
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30 Polypedilum (Fig. 7)], response variable values were
- 7 all access plots lower in the all-access treatment than in the restricted-ac-
25 - M restricted access plots cess treatments. Significant pondxpredator interactions
generally occurred when responses to the predator treat-
ments (i.e., lower response variable values in the all-ac-
cess treatment than in restricted-access treatments) were
strong in two or three ponds and weak in ponds where
taxon density was low in all plots. This general pattern
was observed foPolypedilum other ChironominiPalp-
omyia and nematodes. Exceptions to this pattern oc-
curred inChironomusand other oligochaetes. For these
5 taxa, responses to the predator treatment were inconsis-
tent among ponds. Response variable values were lowest
o in all-access treatment in two ponds, but greatest in the
00 04 02 03 04 05 06 07 08 same treatment in the other two ponds. There were no
significant pondxpredatorxdate interactions.

In general, there were no differences in the response
Fig. 7 Size-frequency distributions dolypedilumspp. in the re- variables between the treatments with small-fish access
stricted-access and all-access plots of pond 4. Data are poelad no access, so these contrasts are not presented in Ta-
over all sampling dates ble 3. The major exception to this pattern was observed

for Chironomus in which abundance in the treatment
with small-fish access was consistently greater than in
cess by predators (Fig. B; 1716.47,P<0.01), and this the no-access treatment.
effect was strong in all ponds except pond 1,£9.62,
P<0.001). Over all dates, total biomass was 45.6% lower
in the all-access plots than in the restricted-access pigcussion
in ponds 2, 3, and 4. Total biomass was greatest in pond
1, largely due to the presence of the siduysella(see Our results suggest that the effects of vertebrate preda
below), which was not affected by the predator tredion on the structure of benthic invertebrate communities
ments. Strong effects of predation on biomass were confloodplain ponds are mediated by pond permanence.
sistently observed during the study (the datexpondxprédthough the abundance of vertebrate predators in the
ator and datexpredator interactions were not significaptinds was not quantified, it is likely that ponds that
Table 2). Total invertebrate biomass did not differ bdried frequently supported lower densities of vertebrate
tween small-fish and no-access treatmefits;£0.39, predators, especially fish (Batzer and Wissinger 1996).
P>0.05). Significantly less biomass was present in tAs a consequence, strong effects of vertebrate predation
more permanent ponds (Fig.Fs;, ~7.75,P<0.025). on invertebrate community structure were largely re-

With the exception of the cladocer@iaphanosoma stricted to the more permanent ponds. Invertebrate taxa
all commonly encountered taxa were strongly affected bighness, abundance, and total biomass were lower in the
pond permanence in terms of abundance, biomass afldaccess treatment than in the treatments that restricted
generally, individual biomass (Table 2). The pondxdgbeedator access, and these effects were stronger in the
interaction was significant for several taxa (Table 2), bumiore permanent ponds. Because there was no systematic
these appeared to result largely from substantial variatlias associated with the cage control results relative to
in response variables among months rather than incontiie- open plots, it is unlikely that the treatment effects
tent responses to pond permanence. Effects of pond pesre an artifact of the cage structure. The reduction in
manence were most pronounced for the oligochaéteertebrate abundance and biomass in open plots is con-
Branchiura sowerbyiwhich was only found in the mostsistent with other studies, which have shown decreased
permanent pond, and the srallysella which was abun- invertebrate biomass when fish and waterfowl are pres-
dant in the least permanent pond and rarely encountezatl (Peterson et al. 1989; Riera et al. 1991; Batzer and
elsewhere. Taxa were nearly equally divided betwedfissinger 1996).
those that were more abundant and had greater biomasBhe strong effect of vertebrate predation detected in
in less permanent (ponds 1 and 2) and those that wéis study could have been due to fish, waterfowl, or
more abundant and had greater biomass in more perbwh. Most waterfowl studies have been done over short
nent ponds (ponds 3 and 4). periods of time and seasonally, when waterfowl consume

Over 50% of the taxa were significantly affected bgxtra protein (.e.g., during spring and fall migrations)
the predator treatments with respect to at least one (Reterson et al. 1989; Reid et al. 1990). We recorded wa-
sponse variable, or exhibited significant pondxpredaterfowl use (presence/absence) of ponds on all sampling
interactions (Table 3). For taxa in which the pondxpreddates. Few waterfowl were observed in the ponds even
tor interaction was insignificant [e.g., abundanc®amf during migratory periods, and none were seen foraging
rotendipesand Endochironomusindividual biomass of in any of the ponds. Because it has been shown that low
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densities of waterfowl do not affect invertebrate commpends. Schneider and Frost (1996) examined mecha-
nities significantly (Peterson etal. 1989), it is unlikelgisms affecting invertebrate community structure in ver-
that waterfowl had a significant effect in this study. Simital ponds and found that effects of biotic interactions,
larly, we did not detect strong effects of predation lspecially predation, on population abundance increased
small fish (i.e., the treatment with small-fish access anith increasing pond duration. Predators were less di-
that preventing access by all vertebrate predators generse and less abundant in ponds that held water for rela-
ally did not differ significantly for any response varitively short periods than in longer-duration ponds. Our
able). Therefore, in this experiment, predator effects msults are in agreement with this general pattern, which
benthic invertebrate community structure appear to belss been observed in several other studies (Bradshaw
tributable primarily to the activities of large fish. and Holzayefel 1983, 1988; Smith 1983; Woodward

Waterfowl and fish have been shown to exhibit pr&y983; Dodson 1987; Wilbur 1987).
and size selectivity (Power 1987; Peterson etal. 1989;In contrast with the distribution and abundance of
Luecke 1990; Macchiusi and Baker 1991; Batzer et ptedaceous taxa, several taxa were rare is the longer-du-
1991). In this study, total invertebrate biomass and, fation ponds, especially pond 4 which always contained
many taxa, mean individual biomass were lower in thvater, and common in the other ponds. These taxa in-
all-access treatment than in the treatments that restriatkaled several chironomidPdlypedilum Dicrotendipes
predator access. Predators selected larger individual&€nflochironomus other Chironomini, Orthocladiinae),
certain taxa (i.e., the chironomi@hironomus Endochi- Berosus copepods, anBhysella The absence of at least
ronomus and Polypedilumand nematodes) from all actwo of these taxaPhysellaand Berosus from the more
cess treatments. The selection of large individuals by ffermanent ponds may have resulted from lower vegeta-
predators in this study supports the numerous studiesiam density in those ponds. Vegetation germinated dur-
which bluegill and other fish preferred large prey itenisg the spring and summer when water levels were low
(Werner and Hall 1974; Vinyard and O’Brien 1975; Lun ponds 1 and 2, and it remained after inundatiiry-
ecke 1990). However, our results contrast with thosesaflaandBerosudarvae commonly use the vegetation as
Macchiusi and Baker (1991), who found that fish selet¢tabitat. Reduced abundance of the other taxa in the lon-
ed largeChironomusspp. if both large and small organger-duration ponds may have resulted from increased
isms were equally accessible, but in the field as well\sstebrate and invertebrate predation, but additional ex-
in laboratory experiments using a mud substrate, thgsriments would be necessary to evaluate this and other
primarily selected small organisms because these weotentially important mechanisms (see Schneider and
more active. Frost 1996).

For individual taxa, significant interactions between Total invertebrate abundance declined significantly
pond permanence and predation generally occurred wheth increasing pond duration. This largely resulted from
effects of vertebrate predators were strong in pondstlie responses of four taxa: other oligochaetes, copepods,
which taxa were relatively abundant and weak in ponBhysella andEndochironomusThe interplay of at least
where population densities were low. It should be diffiwo factors may be important in producing this pattern.
cult to detect strong effects of predation in habitafsrst, periodic flooding and drying of ponds may en-
where population densities are already low. However, bence food quality and quantity for some consumers
cause the abundance of invertebrate (Fig. 2) and profgag., detritivores) by allowing increased decomposition
bly vertebrate predators were low in less permanaiftorganic material and development of terrestrial vege-
ponds, it seems likely that effects of predators were,tation during dry stages (Wiggins et al. 1980; Junk et al.
fact, weaker in those habitats. The abundance of ohB89). Second, as observed in this study, the abundance
two taxa,Polypedilumand Nematoda, was significantlyand diversity of invertebrate and vertebrate predators
affected by the predator treatments in pond 1, while seftould increase with increasing pond duration (Batzer
eral taxa that were relatively abundant in the less perraad Wissinger 1996; Schneider and Frost 1996).
nent ponds (e.g.Berosus Orthocladiinae, Tanytarsini, Schneider and Frost (1996) proposed that a hierarchy
DiaphanosomaCopepoda, other oligochaet®hyselld of mechanisms determined the structure of vernal pond
showed no effects of predation there. communities, with the presence/absence of species in a

Although 50% of the taxa encountered had distribbabitat largely determined by colonization/extinction
tions restricted to either the shorter- (ponds 1 and 2)poocesses and life history requirements, and species
longer-duration ponds (3 and 4), most of these were wmndance strongly influenced by biotic interactions.
rare to draw conclusions about effects of habitat duratibhey observed a particularly strong match between life
on their distributions. Nonetheless, striking effects bfstory requirements (e.g., the time needed to complete
pond duration on the distributions of taxa were observéide aquatic life stage) and the presence/absence of taxa
In particular, the abundance of predaceous invertebrategponds of differing duration. Because of the intimate
and the proportion of taxa comprised of predators icennection between floodplain ponds and the main river,
creased with increasing pond permanence. For example,expect colonization processes, rather than life histo-
two predaceous invertebrate taxa, the ceratopogonas, to more strongly influence taxon presence/absence
Palpomyiaand the tanypodine chironomids, were abuim floodplain ponds. Therefore, we expect that stochastic
dant in ponds 3 and 4 and rare in the less permanamicess should play a major role in affecting the compo-
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sition of floodplain pond communities. We observed Bradshaw WE, Holzapfel CM (1988) Drought and the organization
large number of taxa in the less permanent ponds, w ichof tree-hole mosquito communities. Oecologia 74:507-514

o khurst RO (1986) Guide to the freshwater aquatic microdrile
were probably unable to complete the aquatic life sta .g]oligochaetes of North America. Can Spec Publ Fish Aquat Sci

before the ponds dried or to survive dry periods in dessi-g4
cation-resistant stages. The importance of the main rigerch JB (1989) North American freshwater snails. Malacological
and associated colonization processes in affecting cog-Publications, Hamburg, Mich

munity structure should increase with decreasing po bl'fqie(l?(fﬁ; How to know the immature insects. Brown, Du-

permanence, but this has not been tested. o Connell JH (1975) Some mechanisms producing structure in natu-
In summary, an interplay of abiotic and biotic pro- ral communities: a model and evidence from field experi-

cesses strongly affected the structure of the benthic in-ments. In: Cody ML, Diamond JM (eds) Ecology and evolu-

i ; tion of communities. Belknap, Cambridge, Mass, pp 460—490
vertebrate community in floodplain ponds. Effects (Honnell JH (1978) Diversity in tropical rainforests and coral reefs.

vertebrate predation on the abundance, biomass, and SiZggjence 199:1302-1310

structure of invertebrate populations was greatest in |@idver DA, Boucherle MM, Bean DJ, Fletcher JW (1985) Bio-

ger-duration ponds. The abundance and diversity of in- mass of freshwater crustacean zooplankton from length-weight

vertebrate predators was also greatest in those habi t§f%%r%55_}ggﬁé ?mﬂg%ﬁfﬁﬁgﬁ rﬁgbﬁiﬁfegg?ﬁg% o commun

_\mtua”y no eﬁe_Cts of vertebrate predation were d_eteCt 8 ty ecdlogy: a kelp forest example with terrestrial analogs. In:

in s_horter-duratlon andS, presumably because fish pop-price PW, Slobodchikoff CN, Gaud WS (eds) A new ecology:

ulations were maintained at low levels by frequent pond novel approaches to interactive systems. Wiley, New York, pp

drying. Therefore, our results are in agreement with d43507n_4é8I1(1987) Animal assemblages in temporary desert rock
: ; i i y

models that. predict relat.lvely weak eﬁ‘?Cts of prEdatd?g pools: aspects of the ecology Déslyhelea sublettgDiptera:

on community structure in frequently disturbed habitats ceratopogonidae). J N Am Benthol Soc 6:61-71

(e.g., Connell 1975; Menge 1976; Menge and Sutherlamebs PK (1993) The nature of a dynamic water table in a system of

1987). In contrast with vernal ponds (e.g., Schneider andnon-tidal, freshwater coastal wetlands. J Hydrol 141:107-126

it ; ; go EC (1989) Morphological and hydrological characteristics
Frost 1996), it is less clear how habitat duration aﬁeagaof the floodplain ponds of the middle Parana River (Argenti-

the composition of invertebrate communities in flood- 5) Rey Hydrobiol Trop 22:183-190

plain ponds, and more attention to colonization dynamiogmont HJ, Vander Velde |, Dumont S (1975) The dry weight es-

in floodplain ponds is needed. timate of biomass in a selection of Cladocera, Copepoda and
Rotifera from the plankton, periphyton and benthos of conti-
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