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Diet and Prey Availability of Columbia Spotted Frogs in Northeastern
Oregon

Abstract
Baseline infoflnation on the die! and prcv a\ajlabilirl of Columbia \potted fiogs i\ hcking fron nrort of lhc spccics rrnge. Diet
$as detemined nom Jurre through Octobcr 2002 lbr 296 hogs in nonheastem Oregon. Number of pre,v i!ems. diet compositioD.
and biomass indices $crc comparcd by scx. sire classes. $ater type (ponds versus rivers). montl. and nudy site. Alailable
invertebrates were dctcrmincd iiom slickr' trups and dip netiing in ponds amd dvers. A total of 1.199 prc,"- ilcns were identified
$ith an average of,l.:1 prcr ilcn\ in each sanple lrange = 0 - 28). A wide vadety of prey were idcntiilcd including 33 laDrilie\
l-rom 20 orders of invcrtebrales $,ilh only i ofder! represenring >107. of the composirion: beetles (l l%). ants/wasps (:1fZ ). and
f l ies(10t i ) .Onl)  l , l9Zof theprev\ lcrc inthclar la ls |ages.Femalei iogsaieabou{60%morebiomassthan alcsof lhc same
size. presumably because oftheir need to produce eggs. Bionrass of male iiog diet samples rvere greater in rivers than in ponds
with a higher percenlage ofstoneflies. *,ater striders. and beetles. Frog! aclilcly fonged all sulnner with the highest biomass in
Scptcmb.r and lhe lowest in July. Ovef the sumnrer. composition of spiders. bcctlcs. and llies decrersed while true bugs and anrs/
\rasps incrcased ir tbe diet. Among studt sites. ants/r'asps were mos! abundanr ar |he higher elevations. A higher proportion of
inlertebrates occurred in the larger sizes in the dier compared wi!h samplcs of availttble invetebrates.

lntroduction

Amphibians make up an inlponant component of
the aquatic habitats in the BIue Mountains. These
species serve as good indicators ofoverall health
offorest and rangeland ecosystems because they
depend on $,ater for reproduction. and because
their permeable skin makes thempafiicularly sen-
sit ive to environmcntal toxins (Morell J999). We
know relatively little about the biology o[ the rela-
tive health of their populations, particularly *ith
re-qard to disturbances. Increasing incidence and
intensity of fires and other disturbance agcnts
(tloods, drought. introduction of fish, habitat al
teration. livestock -srazing. noxious weed control)
in eastern Oregon may threaten these animals and
the integrity of the aquatic habitat. Large-scale
disturbances such as fire. may have direct and
indirect consequences on frogs resulting in pre-
dation. loss in habitat, or changes in diet and prey
availability.

This study provides basic ecological infornra-
tion on the diet ofthe Columbia spotted frog (Raza
lLtteirentris). This frog specics is of interest to
managers bccause it is classitied as imperiled by
the Oreg,'n Natural Heritage Program. rs \ensi-
tive by the USDA Forest Scrvice in Region 6,
and as a candidate tbr listing under the Federal

Endangered Species Act. Declincs in this species
havc bccn repofted inYellowstone National Palk
(Patla and Peterson 1999). Utah (Hovingh 1993).
and Nevada (Reaser 2000). The oauses of the
dec l ines  in . lude hab i ta t  loss  rnd  l r lgment r r ion .
introduction of prcdators, cattle gruzing, and tlte
loss of natural flood disturbances. Many ol these
factors could also influence prey availability.

Studies of fbod habits of the Columbia spot
tcd fiog have shown this species to be an oppor-
tunistic feeder. taking whatever inveftebrates are
on, near, or underwater (Turner 1959, Miller 1978,
Whitaker et al. 1983) .

Baseline infonnation on dict and prey avail-
abil ity of Columbia spotted frogs is lacking in
nofiheastem Oregon and other ponions ofits range.
This frog typically breeds in permanent ponds but
may spend the summer. fall, and winter in ponds
or rivers (8u11 and Hayes. 2001. 2002). The fac
tors driving the selection ofpond or river habitat
are not fully known, although diet may be one ol'
several contributing factors. The focus ofthis study
was to compare Columbia spotted frog diet and
invertebrate availability betwecn pond and river
habitats at six study sites. This study was designed
to answer the tbllowing five questions: 1) wcre
frogs consuming invcrtebrates in propofiion to
theirabundancet 2) did frogs sclcct for largerprey
items to maximize their energy expenditure for-
aging;3) did pond or river habitat provide a greater
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abundancc of prey or larger prey items for frogs:
4) $as trog diet the same at different study arcas;
5) for what duration of thc summer did lrogs tbr-
age and did diet di11'er?

Methods

Study Area

Thi :  s tud l  u r \  condu. led  a t  \ i \  \ i te r  in  luo  ur
tersheds in northeastem Orcgon betweenJune and
October 2002 (Table 1). Study arcas were selected
based on the presence ()f known breeding sites
eurd previous knowledge offiog movements. Each
study site has at least one breeding pond in lcntic
habitat (Palustrinc system) (Cowardin et al. l979)
and an adjacent lotic habitat (Riverine system)
widrin,l00 m. exceptthc Rainbow site, u'hichlacks
a lolic system. All ponds (lentic) and river habi-
tats (lotic) are in forested habitats and have per-
manent $,ater in typical years. The breeding ponds
range from 60 to 30.000 m'? in size. The e;Lrliest
breeding activity occurs at the Hohman pond in
late March and the latest occurs at Rainbow pond
in late April or early May (Table 1). The infor-
mationon breeding dates was obained by checking
the ponds every l-2 days atier ice melted. Tim
ing of breeding activity at these study sites is a
function of elevation. exposure, and temperature
ofthe water source. The ponds at Hohman rrLrely
fieeze, while all other pond srufaces typically frccze
in November and thaw between March and May.

D e t  Sample

Diet samples were collcctcd every 2 wk fiom tiogs
captured in pond and river habitats at thc Gun,
Starkey. Tailings, irnd Rainbow study areas. Five
percent of frogs captured lacked any stomach
contents. and thcse fiogs were not included in
thc sample. Diet was not determined in two study
sites due to difnculty in locating fiogs firr diet

samplcs. Sampling started in early June after all
breeding was completed and cnded in rnid-Octo
ber when nighttimc tcmperatures dropped below
lreczing. Because activiry level of arthropods varies
u i th  t ime o lday .  the  ordcr  tha t  \ luJ )  \ i res  \ \c re
sampled was rotated each sampling period.

Frogs were captured with dip ncts while I
walked along the pond perimeter or dver edge at
cach of the fbur study sites. Sex and snout-vent
length (SVL) were recordcd fbr each fiog, and a
diet sample was obtained by flushing the ston-
ach of the lrog with a catheter (2 mm wide, 56
cm long) attached to a 65-cc sydnge inserted
through the mouth and esophagus of the frog
(Legler and Sull ivan 1979, Whitakcr et al.I 983).
Diet samples werc preserved in vials of 75clr etha-
nol alcohol and returned to the lab for identifica-
tion. I assumed the entire dict sample was flushed
from the frog because Legler and Sullivan (1979)
were confident that they recovered all the mate
rial in the stomachs of lizards based on dissec-
tion of a few lizards after f'lushing the stomach;
however, no fiogs were killed to test this assump-
tion. We attempted to collect tive diet samples
from thc first five frogs captured in both thc pond
and river at each study site, but limited the time
searching for frogs to 2 hr at each site. Food frag-
ments were identified to ordcr or family and cat
egorized into six size classes (l-.1.5. 5-9.5. l0-
14 .5 ,  l5  19 .5 .20-21.5 ,>  25  rnm)  when enough
o l '  the  in r  enebru te  u  r (  p resent  to  es t i rna te  . i , /e .

Biomass (mg) was determined by oven-dry-
ing cach sample for 24 hr at 40' C. The largest
samples were dried for,18 hr. Because size offrog
largely determined tlte size and amount of prey
the frog could consume, I devised an index to
standardize for frog size (biomass divided by SVL
* 100) .

The nunber ol prey items, diet composition,
and biornass indices were compared by ( 1) sex.

TABLE l. Pond sizc and depth. dates of breedimg, elevation, and location of sir study sites used to monitor Columbia spotted
liogs in northeanem Oregon, 2002.

Study Area Pund depth  t | l l ) Dalcs of egg layiDg Elevat ion (m)

Gun
Hohman
Starke)_

Tai l ings
Ranrbo'\,

887
100

'1 ,132
30,000
86 26,1
28,526

0.8
I

0.1
0.6-2
3

921
935

1.001
t . 1 8 8
1 ,380
1 , 8 1 0

7 17 Apr 02
3l N{ar- I 2 Apr 02
30 N{aF Apr 98

8 1'1Apr 02
15 25 Apr 02
l l  2E Ma! 02
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(2) frog size class (355 mn. 56-70 mm. and >70
mm SVL), (3) water type (pond versus river), (,1)
month. and (5) study site. For number of prey
items and biomass iodices. t-tests were used for
comparisons between sexes and water types.
Analysis of Variance (ANOVA) and a post-hoc
Tukey's B pair-wise comparisou test were used
to comparc frog sizc classes. months. and study
arcas. Chi-squarc Lcsts wcrc used for all diet com-
po. i t ion  eonrpr r i .onr .  l t '  thc  in i t ia l  coml r r i :on
between sex revealed differences, subsequent
compadsons were done for each sex separately.
Significance level was sel at P = 0.05.

lnvertebrate Ava abil ity

lnvefiebrates were sampled using two methods
(sticky ffap and dip net) at the same 2-wk inter-
val that diet samples were collected fion June
until late August (when wasps started consum-
ing most of the invertebrates on the sticky traps).
This time period was selected fbr sampling because
it coincided u'ith l iog presence at the sites. Sam-
pling occumed between the hours of 0900 and
1800, and the sequence that the six study sites
werc samplcd wils rotated to reduce bias. Place-
mcnt ofsticky raps and dip nctting occuncd whcrc
frogs would l ikely be teeding based on telemetry
Iocations in a previous stndy (Bull and Hayes 200I)

Slicky traps were used to sample aerial invcr-
tcbratcs at thc pond or rivcr at cach sitc. A sticky
trap consisted of a clear four-sided plastic cover
lor planfs that was 2,1 cm high and attached to a
piece of white styrofoam floating on the water
surface. Four pieces ofclear plastic sprayed with
Tanglefbot were attached on the four sides ofeach
plant cover with velcro. These traps were collected
every 2 wk, returned to the lab where inverte-
brates in a 10 by 10 cm square in the center of
each piece were identif ied to order (Bemor and
Delong 1971), and catcgorized into six size classes.

Aquatic invertebrates were sampled with lbur
swceps of a dip net (35 by 20 cm frame and 2
mm mesh) at each pond or river stretch. Sweeps
wcrc perpendicular to the shore, I n in length on
the substrate. ending at the shoreline, and at Ieast
10 m fiom previous sweeps. Invertebmtes were
idcntif icd to ordcr (Mcritt and Cummins 1978).
categorized into the same six size cllrsses. and
released to reduce impact on invenebrate popu-
lations.

The two methods of sampling provide a mea-
sure of the relative abundance of aerial and aquatic
invertebrute s, but they are not dfuecdy compamble.
Forinvefiebrates captured on sticky traps and dip
nets, the number of jnvertebrates, the number by
invertebrate size class, and the composition were
compared by water type, month (June through
August), and site using t-tests and ANOVA and a
post-hoc Tukey's B pair wise comparison test. The
composition oforders comprising >5'l,: ofthe total
number ol pre; item. ul. used for comparison.
Because data were aggregated by day, the mean
tbr multiple samples collected on individual days
was used as thc variable. The relative abundance
(proportion) ofinvertebrates occuning in thc diet
and within each trap type was compared using
chi-squaLre analyses for the orders that were rela-
tively common.

Besults

Number of Prey lterns

BetweenJune and October, 296 diet sampJes were
collected at the 4 study sites tiom i7l female and
125 male frogs. A total of 1.299 prey items wcrc
identif ied (t =.1.4 10.23) ranging fiom no iden-
titiable prev to 28 prey items per sample. No sig-
nificant diffcrcnccs were detected in number of
prey items by sex. water type. month, or site. Frogs
>70 mm SVL ate significantly more prey items
(x = 5.l prey itens) than frogs 56-70 mm SVL
(x = 3.1i prey items) (P = 0.04).

Diet Compos t  on

A wide variety ofprey was found in the diet samplcs
with only three orders representing 2107r of the
composition: beetles (21%), ants/wasps (21 7.),
and flies ( l0'/o) (Table 2). Only l47o of the prey
i tems uere  in  l c r \a l  . lages .  Pre)  i lem:  \  e re  p r i -
marily in the smallcr sizc classes: 407. $ere l-
4.5 mm in length,29olc were 5-9.5 mm, 219r were
10-14.5  mm,  and 10% > 15  mm (F igure  l ) .  Com-
position of frog diet by order ofinvertebrates dif-
f'ered signiticantly by water type (P < 0.01) (Table
2) and among frog size classes (P = 0.02), but
not by sex. For those 477 prey items that could
be identitied to tirmily, composition of diet by
farnily differed significantly by waler typc (P <
0.01), by sex (P < 0.01) and among lrog size classes
(P < 0.01). A higher proponion of stoneflies, water
striders, and beetles occurred in diet samples in
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Pl1 lunVCLr's/Ctrilcr/F.rrnil,'-

'IAtsLE 
2. Number of 1.299 prey items identilied to ord.r

or frmily thar lvere lbund in dict s.rnplcs ofCo
lumbia spottcd lrog! caplurcd in ponds and riv
cn in nonhcastcrn Oregon,2002. Pref iremscom-
prising <l+ ofthe diet afe not listed. INenebrates
identified to famil) are not included in the totals
tbr lhe order.

Two rcccntly transformcd Columbia spottcd
frogs were fbund in the stoorach of a temale at
Rainbow pond, and a Pacifrc txeefto9(H!"la ragilki)
metamorph was found in thc stomach ofa fcmalc
at Gun pond. These observations indicate that
cannibalism occurs in this species.

D et B omass

Fcmalc biomass indices were 607c larger than
males  (x  ma le  =  5 .8 ;  female  X =  9 .3 ;  P  <  0 .01) ,
so that fufiher analyses were separated by sex.
Biomass indices of female frogs <55 mm SVL
wefe significantly smaller than those in the two
larger size classes (biomass index = 4.3 tbr t iogs
{55 mm; 10.0 for frogs 56-70 mm: 10.4 fol frogs
> 70 mm: P < 0.01 ). No signil icant differences
occurred in biomass indices among the three size
r lu rse . , . r l '  ma lcs .  B)  ua lc r  I ) f c .  m l lc r  in  r i r . r r
had significantly larger biomass indices (x = 8.l )
than males at ponds (x = 4.6) (P = 0.01), but thcrc
were no significant differences between female
biomass indices by water type. Biomass indices
were significantly higher in September than in
July (P = 0.02): no significant dift'erences occurred
in biomass indices bet\\,een rivers and ponds by
month or among sites.

Invertebrate Ava lability

Sticky traps capturcd aerial invertebrates that flew
or drifted into the traps, although visual observa-
tioos suggest that wasps (i.e.,yellowjackets) were
typically not capturcd and ale under represented.
I capturcd 38,583 invertebrates with the majority
being flies (74clr) and leaf hoppers (167o) (Table
3). Ninety-three percent of the inveftebrates were
1-,1.5 mm (Figure 1). No differences in numbcr
by size class or total number of invertebrates werc
detectedbetween pond and riverhabitats. No dif-
ferences were detected in total number of inver-
tebrates among study sites. By composition (or
der). only lcafhoppcrs wcrc signiticantly more
abundant at ponds than rivers (P < 0.01). By month,
spiders were more abundant in July than June,
and beetles and leaf hoppe$ were more abun-
dant ir July than August (P < 0.01).

I captured 4,527 invenebrates with dip ncts.
the majority in larval tbrrn. A considerable diver-
sity ofinvertebrates was represented in the sample
with the majority being snails (27clr), crustaceans
(16%). and mayflics (107,). By inveftebrate size
class. a higher percentage ofthese dip net samples

Nlolluscu (m0llu!ks)

Caslropoda (snai l t

Alhfopoda (:lrLhopods)

Clrustacca (crustaceans)

Amphipodr (scuds)

Afachnida (arrchnids)

Acari (mites and licks)
Ar:neae (spiders)

Ephemeroptef a (m:rlilies)

Odollau (drugonllics

and damsel f l ies)
Onhoptef a (grasshoppers)

Hemiptera (lrue bugs)
Corixidac (rarcr boatnrcr)
Ccmdac (r'arer stridert

Homoptera (aphids. scales.

Aphididae (aphid\)

Coleoptera (beetles)

Carabidtrc (grcund bcctlcs)
Curculionidac (snout beetles)
Elatcridae (click beetles)
Hidrophi l idae (r late l

sc.rvenger beetles)
Trichoplcra (caddisflies)

Lepidoplera (butleIflies

ard molhs)
Diplera (tlics)

Hyinenoptera (anIs. bees.

Formicidae (rnrs)

Vespidac ($asps)

t 5

19

1,1
5 l

22

41

r 6
iJ

l 5

I
36

1 8
J

J

I
29
85

1 2
2

21

6
50

I

| 4

25

,t,l
25
31
1 5
,11

2
65

l l i  I

6 l
1 5
5

L 5
t'7

56
l3. l

1 8
t 5 l
100
59

9

6
I
I

63

3

2

l l
,7

26

15
6

52
29
21

l l
6 8

l l

23

riven. and a highcr proportion of scuds. mayflies,
dragontlies, damseltlies, backswimmers, and ants/
wasps occur:red in diet samples in ponds. Com-
position ofdiet difl'crcd among study sites for orders
with >20 prey items (P < 0.01: Figurc 2). Com-
position of diet dillercd over the summer among
four families and ll orders of prey items (P <
0.01) .  For  the  . j \  o rder r  u i th  >  50  pre l  i lem:
found (P < 0.01) in diet samples. spiders. beetles.
and t'lies decrcascd in abundance over the sum-
mer, and true bugs and rnts/wilsps increased in
abundance over the summer (Figure 3).
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Figurc L Proporlion ofinlcrlebralcs b! sizc class consumedby liogs andcaptured on sticky traps and in
dip net salnples.

Gun Starkey Taillngs Rainbow

Study sltes
Fieure 2. Pfoportion of in|ertebrates in six orders found in Columbia spotrcd liog diel in lbur nudy

sites. Only orders $'irh > 50 prey items afe di\pla!ed.

f-= 1-4.5 mm
m 5-9,5 mm
I 10-14.5 mm
N\\\ 15-19.5 mm
: 20-24.5 mm
|re > 24.5 mm
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F 4 0

.9

o 3 0

o(,

t 2 0

o
o
-  1 0

- Splders
Nl True bugs
I Leaf hoppers
m Baelles
t-l Flies
El Ants/waaps

July August

Month

September

Figure L Proportion of in\edebrates in six orders found jn Columbia spotlcd frog dicl in cach
of four months. Only orders wjth > 50 pre]' items are displa,vcd.

were larger when compared b sticky traps (Fig-
ure 1). Higher numbers of all invertebrates (P <
0.0l.) and of dragonflies (P < 0.01). damselfl ies
(P < 0.01), back swinmers (P < 0.0l) , diving
water beetles (P = 0.03) , leeches (P = 0.03), crus
taceans (P < 0.01), and maytlies (P < 0.01) oc-
cuffed in ponds than in rivers. No significant dif-
ferences occurred in total number by size class
or size class b), site in ponds or in rivers. No sig-
nificant dit ' ferences occurred in composition by
sitc.

AvailabiJity of invertebrates by order captured
in sticky traps and dip nets diftered significantly
fiom what was firund in the fiog diet (P < 0.01; P
< 0.01). Size class also dift 'ered between avail-
able invertebrates and those in the diet sample
(sticky trap: P < 0.01; dip net: P < 0.01). Invene-
brates captured on sticky traps and dip nets rep
resented only a portion of prey available to Co-
Iumbia spotted fi'ogs. By taxonomic group,52clr
and 227r of the frog diet comprised invefiebrates
captured in sticky traps and dip net samples. Ter-
restrial inveftebrates (e.9., ants, beetles,larvae of
buttedlies and moths) and wasps made up l77r
and 87r, ofthe frog diet but werc not detected with
my sampling techniques.
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Discussion

Prey items found in diet samples suggested that
the Columbia spotted liog is a generalist. con-
suming a  w ide  ra r ie t l  o fp rc l  u  i th in  the . ize  runge
that it can catch and ingest (Table 2). Frog diet
con\ is led  o f  a  h igher  percentage o l ' l r rger  in re r -
lehra le \  Ihan \ \a \  \ap lu red  on  s t i ck l  t rap .  o r  in
dip nets (Figure l), which suggests a selection
forlarger prcy to maximize caloric return for cap
ture effofi. It appeared that male frogs in rivers
were able to obtain more biomass than males in
ponds based on biomass indices, although no dif-
ferences were detected in biomass obtained by
females among water types.

Findings of this study concur with the great
diversity of fbod items lbund in the three other
quantitative studies evaluating diet of this frog
species. [n westem Montana, 5 L7 prey items iden
tified in 50 stomach contents included 357. beetles.
2270 ants/wasps, l47o spiders.9% fl ies,5% true
bugs, 57. butterflies and moths, and <57c in other
orders (Miller 1978). In central Oregon, 206 diet
samples revealed representatives of 63 families
in 19 orders (Whitnker et al. 1983). In Yellowstonc
Par l  in  Wloming.  70-g0r ;  o f  802 pre l  i tenr .
fromlT8 fiogs were spiders, true bugs, beetles,



TABLE 3. Percent of invertebrates in frog diel samples, on
sticky traps. and in dip net sanples identified to
ordcr or lamil) thal were lbund in Columbia spot-
ted frog diet samplcs or caplured in lraps in ponds
and rivers in northeastern Oregon.2002. Invcrtc
brates comprising <5% of the die!. nicky traps.
of dip nets are not listed.

flies. and ants/wasps (Tumer 1959). In Wyoming,
8,1% of prey iterns were <9.5 mm in length in
comparison to 69clo in this study. Tumer (1959)
rugge. teL l  lhc  pcrk  o f  fo rag ing  in  W;oming urs
July and August with less foraging in June and
September In contrast. the greatest biornass in-
dices occurred in September in this study. Some
of these difterences in prey size and temporal
foraging behavior may be due to the higher el-
evation, colder climate, and smaller fiogs fbund
inYellowstone Park than in northeastem Oregon.

Female lrogs appeiued to maximize the amount
of prey they could ingest because of the need to
produce eggs annually. Females >55 mm SVL

had larger diet samples than males of the same
size, while females (55 mm SVL consumed less
prey thao males of the same size. These smaller
ltmales will probably not be reprcductive the
following year (Licht 1975), so that there may
not have been the energy needed for egg produc-
tion.

Ourfindings suggest that fiogs foraged actively
fiom June through September and into October
at the Gun and Rainbow sites with greater biom-
ass indices in September than in July. It is l ikely
that active foraging occured prior to Junc, al-
though diet samples were not collected then. These
observations suggest fiogs were maxirnizing their
foraging late in the season. presumably for over-
wintering, or for egg production in the case of
females. The differences in composition of diet
by month may well reflect relative availability of
invertebrates at different times during the sum-
mer (Figure 2). Spiders andleafhoppers were most
abundant in July on both sticky traps and in diet
samples. Beetles \\,ere most abundant in Junc in
the diet but in July on sticky traps.

Differences in diet among study sites were ob
served in this study (Figure 2) and Whitaker et
al. ( 1983). They suggested that past management
practices, particularly livestock grazing, contrib-
uted to dift'erences in diet. The Starkey site was
the only one with livestock grazing in our study,
and th is  s i te  had a  more  eren  d is t r ibu l ion  among
the primary orders used for prey than the other
study sites. An obvious difference among the study
sites was the high percentages of wasps at Tail-
ings and Rainbou the two sites with the highest
elevatiors. Either these sites had a higher density
ofwasps than the other sites or a lower density of
other prey. Wasps were able to escape from sticky
traps, so that relative availability ofthis prey item
can not be detemined among thc sites.

The results of sampling available inveftebrates
\uggest that ponds pror ided more aqurtic inver-
tebrates, but abundalce of aerial invertebrates was
fairly even between ponds and rivers. In spite of
this presumably greater prey base in ponds, diet
samples of males had greater biomass on nvers.
which may be a primary reason frogs inhabited
rivers over ponds (Bull and Hayes 2001). Addi-
tional facton that could enter into the selection
of habitat include predation and water tempera-
ture, as it relates to metabolic mte. Research com-
paring kinds and rates of predation and water

Ph) lurn/Cla\vOrder, f  ami ly
Dip
Nct

Frog
Diet

Stickt'
Trap

Mollusca ('nolluskt

Castropoda (snails)

Aft hropoda (arthropods)

Crustacea (crustaceans)

Amphipodr (scuds)

Arachnida (arachnids)

Arancac (spidcrs)

Ephemeroptera (mayfl iet
Larvac

Odonata (draSonflies

and dansellliet
La ac

Hemiptera (!rue bugs)
Corixidae ($'ater boaxnen)
Geffidae (water striders)
No|oncclidae (backswinnen)

Holnoprera (leaf hoppers)
Coleoptera (beetles)

Aduhs
Larvae

Carabidae (ground beetles)
Trichoptera (caddisfl iet

Diptcra (tlics)

Hynenoplera (ants. bees. wasps)
Formicidae (ants)

Total

t
t 2
E

t.299

11

38.589

6

8

6

3

1

1.521

l 6

I
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temperatures between ponds and rivers would be
intbrmativc and may shed some light on the de-
clines ofthis species within ponions ofits range.
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