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Abslracl

Free-sn'imming invertebrates \\,hich consisted mostly of crustaceans and insects were collected weekly
from five vernal pools io eastcro Vashingtoo from 20 February through 18 June 1982. By use of
activity traps and a rnodified !/ilding sampler, the planktonic or benthic habit of rhese raxa were
determined- Commuoity composition is compared to a nearby permanent lake and a model of the
habit aod trophic relationships in the pools is proposed.

lntroducton

Vernal pools aae temporary bodies of rvater that form io late winter or early spring
from rain ancl nreltiog sno*' (I/iggins 1973). Duration of the wet phase valies, but
these pools usualiy dry up in summer (Hardand-Roq'e 1972).

Typical invertebrate communities found in veroal pools include phyllopods, cope-
pods, cladocerans, rorifers and diprerans (Hartland-Rorve 1966, Srour 1964, Kenk 1949,
Viggins et a/. 1980, Simpson i967, Donald 1971, Fairbanks 1950). Certarn taxooomlc
groups such as Anostraca, Conchosttaca, and Notostraca are fould primarily io tempor-
ary \l'nters (Pennak 1!78, Wiggins ar al. 1980).

The objective of this study was to docume[t the free swimming iovertebrate com-
muoity of five vernal pools and to describe habits and trophic relationships.

Study Area Oescriplion

The study site is located 2.5 km south of Cheney, ri/ashington oo the Turnbr l Pine
Research Natural Area (Fig. 1). The site is 81 hectares io area and is part of the
Turnbull National \J(ildlife Refuge, Spokaoe County, rVashington (Franklio cr al.
1972) . The refuge is parc of the "channeled scablaods ' fitst described by Bretz ( 1!23 ).
Prior to the forrnarion of the scablands. the region was cornprised of Columbia River
basalt overlain rvith thick deposits of loess. The scablao,is are rhe resulr of scouring
by glacial rivers which lefc a series of coulees, iakes and marshes *'hich are oriented
in a northeast-sourheast direcrion.

The natural area is characterized by various ponderosa pine (Pittttt pa dero.t.l
Douglas) habitat types (Daubenmire 1968). Snowberry (Slnpboicatpor alb (L.)
Blake) is a common understory species. Various grassland communities are also found
on the study site (Franklin et al. 1972 ) .

All pools studierl were surrounded by srands of ponderosa pine and contain quaking
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Figurc 1. location map of study area io eastern ri/ashington. T.L.E.S. reptesents the Turnbull Lab'
.  r r ru y fo '  Fcolosi (d l  Sru. i ie. .

aspen (Pop at tretnaloides Michaux) in their basins. The substrate is composed of

nee<lles of lxrnclerosa pine and dead leaves an<l branches of aspen. Io addition, some

areas of most pfi)ls cootain various grasses.
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Methods

Samplin.q began on 20 February 19112, which \ras the first day water s'as fould in the

pools. Six days eatiier, ooly snow exisred in the basins and surrounding \\'atershed.

Rain aocl narming \\ 'ee!her resulred in init ial f i l l ing of patls. Sampling \r 'as cootinued

each s'eek until rhe pools dried up.

Six sampling srarioos were established in each of f ive pools duriog the fall of

1981. Trvo types of sampling stations \yere marked in each lllol based on the Pleseoce
or absencc of dea<l limbs anrl branches of quaking aspen. Each tyPe was Paired togethet

abour 1t n-r aparc to minimize clifferences cause.l by location q'ithin a pool. In addition,

srations were selected so thar deprhs *'ould bc uoiform.

Quantitative samples of invercebrates rvete taken with e modificatioo of rhe !(i ld-

ing sampler (If l i ldiog 1940). The sampier coosis.s of a 7.2i m section of 10 cm

plastic pipe rvith a closable aluminum vaive on one enc1. The outer portion is made of

two joints of 12.7 cm galvaoized stovepipe. Ooe si<le rvas marked in cencimetets to

facil i tate measuremeot of rhe depth of each sample taken.

Sanples *ete collected by quickly placing the stovePiPe in the station atea The

inoer portion s'as theo lowerecl into the stovepipe and the valve closed. The entire

water column rogether wirh orgaoisms inhabiting the surface of the bottom substrate

s'as lemoved aod filtered through a lvisconsio plankton net *'ith 80,um Nitex netting

It rvas assurned rhat all organisms isolated by rhe srovePiPe \r'ere removed by the inner

rube.
Invertebratcs \r'ere separated from detritus by allorving the detritus to settle and

then pourinS the supernatant through a Wisconsin net. This Process was leP€ated
t*'ice. The remainiog .letritus s'as placed io a coatse mesh ner and washed into a

Wisconsin net to remove any remaining invertebrates. This made it possible to count
the taxa more casily. Sanpies were then preserved ;n formalio. stained with Eosin Y,

aod volumes *'ete acijusted to J0 ml.
Deosity of organisms \r'as estimated io the lab by taking two 5 m[ subsamples with

a Stenson-Hempel pipette ( Edmondson 1971) and counring under a dissectiog micro-
scope ar 24x nragnification usiog a modification of the rotary countinll chamber de-
signed by Vard ( 195) ).

The activity rrxp coosists of a ,i I jar v'itlr a lar.qe funnel attached to the oPenin[i
/\Vhirman 197,1)- Organisms srvim into the traps and accumulate over a period of
time. T*o of these samplers *'ere suslxndecl in the rvater column io e,rch of pools
1-1. After 2.i hours, samples were removed! fi l tered rhrough a \Wisconsin net, aod pre'
served in formalin.

Iovertebrates sere identii iecl as to species rvhen possible *' i th the akl of Brooks
(1957) ,  Ldmoodson (1959) ,  Pennak (1978) ,  and Us inger  (1963) .

Results and Discussion

Approximately 30-4! cm of soo\1'covered the study area prior to the first *'eek in
which *'atcr *'as observed in rhe pools. This coodicion persistecl unti l 14 Febtuary at
rvhich time temperaturcs increased irnd precipitacion began. Vater accumulated io all
pools by 20 February ( Fig. I ). Maximum depth reached a peak on 6 Marcb, decreased,
and peake<l again on 17 April. Depths decreased unti l pools ,1 and 5 dried up shortly
after 1 May (q'eek 11). 

' Ihe 
last clate that water rvas recorded in pool 1 rvas ) June.
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Figure 2. l?eekly fluctuation in maximum depth.

The last date for pools 2 aod 3 was 12 Juoe. Small puddles of water existed in pools
2 and 3 as of 18 June. The maximum $uface area ranged from approximately 250 m,
for pool 5 to about 1400 m! for pools 1 and 2.

Maximum depth for pools 4 and ), which was approximately 80 cm and 74 cm
respectively, occurred during 6 March. Maximum depth for pools 1-i was about 100
cm on 17 April.

Eight species of crusraceaos were found in the pools (Table 1). These iocluded
four species of copepods (Copepoda), and one species each of seed shrimps (Ostracoda),
s'ater fleas (Cladocera), clam shrimps ( Conchostraca ), and fairy shrimps (Anostraca).
Seven insects were also observed ( Table 2 ) . These represented two spcies of mosquitoes
( Culicidae), four species of diving beetles (Dytiscidae), and one spcies of water
strider (Gerridae). In addition, rorifers (Rotifera) and water mites (Acarina) were
collected.

There were represenrarives of 17 taxa in pools 2 and j, and 8 ra_ta in pool 5. I7ith
some exceprlons, most species *'ere found in all pools. pool 5 did not contain the rwo
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TAIJLE 1 Distribution of crustaceans lound in five vernal pools

Poo l
1 2  3 , 1  5

Class Branchiopoda
orde!  Anos t raca

Eubr rnr l t iDus  scr r : r tus  Fo.bes

Of ie r  D ip los l raca
Suborder Conchoslraca

LJneeus i rach lu rus  l lu l le !

Suborder  C ladocera
Daphnir sp.+

Order Poalocopa
Family Cypridae

O e! Calanoida
Dlattomous noremtleclmrts $ilson
I thp ton l | | s  l l r su tus  Wi lson

Order  Cyc lopo ida
CJc lops  re ln i r l i s  F ischer

Order  HarDac l ico ida

x x

x x x

x x x x
x x x x

x x x x x
x x x x x

+The Dap lnn  spe. ics  Dresen i  i s  e i lher  D.  l r r l t \  T ,evd ia  o r  D.  i t tdcn io r t l ianr  F ischer  o r  a  Doss ib l€

hybr id  as  d iscusse i l  by  Brook  (19 i7 )

T-\BLE 2. Distribulion ot ins€cls fou.d in live lern.Ll Dools

1 2  i ]  4 5
Pool

Orde.  Hemip le ra
Fami ly  Ger r idae

Grn is  hneno l  K i rka ld ] -
Order  Cot .oDlern

Fami ly  Dy i i s . idae
, lc i l l l l s  s rmisu lca l t t s  T ,econte
tFahts sl). T,ea.h

Co lJmbeks  sD.  ( ] la i . v i l le

Rhan lus  sp .  De j€rn

Family Culicidne
-{.:des (ahphJlla Dyar
To\orh l  nc t i les  sp .  Theoba ld

x
x
x
x

x
x
x
x

) . X
X X
x x
x x

x x
. X

x
x

Didpranar species, and Ddphnia species was ooly found in pools 1-3 Lynoeu brucbytt'

rr-r was observed only in Pools 2 and 1.

Cmstaceans obsetved in the vernal Pools were compared I'ith those collected in a

permanent wetland aPProximately one km ftom the nearest pool (Table J). Anostraca

and Conchostraca were found in the pools buc *'ere not observed in the lake (Rabe and

Gibson 1982). Cladocera aod Calanoida occurred in both systems but were different

species. Ostracoda and Cyclopoida had representative species in both habitats Harpacti-

coids could not be distioguished because of taxonomic difficulties.

Free swimming insects that txcurted in the Fxlls consisted of Culicidae, Geridae,

and Dytiscidae (Table 2 ). No Culicidae were recognized in samples from Lower Findley

Lake (Gibson, pers. comm.) and Gerridae were comprised of differeot genera from

rhe !s'o waters. Dytiscidae samPles $'ere noc collected on a relplar basis from the lake,

so comDalisons wele oot attempted.

x x
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TABLE 3 .  L 'ompar ison  or  nunber  o i  spe . ies  o i  c rus iaceans tound i l l  verna t  poors  l l l d  a  Dermanent
sha l lov  lake .

I - .$ '  r ' ! - inn lLy  L3ke

,i

I
I

l

1
I

I
2 *
l
I

*spe. ics  d i f f c ren l  l rom those in  hke .

In addition, 23 macroiovertebrates were collected in the lake (Rabe and Gibson
1982 ) but oot the pools. Of these, species of l-lltallela, Gammatut, Chaoboru, Enallagra,
Libelblidae, Aeshnidae, Hetperccoixtt, Cettocorixa, Hydrophiliciae, Nepidae, Callibaetis,
Caenit, Meso'teliiC,ae, and Phrygaoeidae were observed during the period rhat the pools
had water in them.

Apparenrly there is a significanr difference in invertebrare communiry comlnsitioo
between tempofar'. ancl permaoent lentic systems. The loq,er number of raxa plesent
in the veroal pools is probably caused by a lower diversity of microhabitats in the pools
rl'hich are primariiy lacking aquatic macrophytes. Secondly, orllanisms inhibiriog vernal
pools must cope with the dry phase or rvoid ir (Hatland-Rowe I9j2). As one would
expecti oot ail aquatic taxa are adapred ro such an exisrence. Many species preseot io
the vernal pools come under rhe classification of overwinteriog residents (Viggins
et al. 1180). These remaio in rhe pool basin as encysted juveniles or as drought re-
sistaot eggs. All crustaceans aod rotifers collected fit into this categotv.

As a result of seasonal variabJJicy in durarion of u"rnul pilr, orgaorsms wirh
r-selecred chatacteristics are at an advanrage over orber organisms. Extending the num-
ber of generations in favorable years is aiso inllxxtant. Taxa capable of parthenogeneric
repro<luctioo are suirable for these temporary environments (Wiggios e, al. IggO).
Daph tt species exhibited parthenogenesis until lare in rhe season at rvhich rime
drought resisranr ephippia began to appear. Many other crusraceans are also capable
o l  p . r r rhenogenes is  r  Pennak lq '8 ) .

The remaining raxa come under ooe of three additiooal classifications: overwioret-
rog splng recruits, overrvintering summer recruits, and nonwintering spring migranrs
Taxa in these groups are capable of active dispersal (Viggins er al. 19g0).

Overwintering summer recruits, includiog mosquitoes of the genus Aede.r, oltiposit
in the dry pool basio. Dytiscid beetles have been repotecl under both of the two re-
rnaining classifications, but Gerridae are classified as nonwintering spriog migraors.
\)fater n.rites fall ioro rhe same classifications as the dyriscid beetles (\X/iggins ?t al.
1980 ) .

The habit or mode of existence of invertebrates was determined by the use of
activity traps aod the modified Wilding sampler. The $/ilding sampler collects forms
from the \\'arer colurnn aod bottom surface rvhereas activity raps collecr organisms
only in the water column. Thus it.n'as possible to compare rhe pefcerrrage occurreflce
in. these rwo methods and subsequently classify all taxa according ro their general
naD1a.

Harpacticoids and naupli i are primarily beorhic which is iodicared by rhe higher
percenrage occurrence in dre Wildiog sampler (Tabie 4). In contrast, Didptamat spp.

I82 Kr:lp and Rabe



Free -Sn  immrn t  I nve r reb ra te  Commun i r i es

ll

;

a

E

-

9 5

3

|]

F]

P >

.a

I  N  . o :

? <

: <



Cyclops rcrnalis, Eubranchiput rcrratu, Daphnia sp., and Ostracoda are mostly plank-
tonic as a resnlt of similar occurrences in borh samplers. Lynceu bruchyatut shows a
higher percentage in the Wilding sampler early in the study indicating a benthic
existeoce. However, later there was a higher perceotage in the activity traps, thus
indicating a planktooic existence.

Similar results for rotifers and water mites are presenred in Table 5. Both organisms

TABLE 5 .  Neek l ! 'occur rcnc .  (exDressed as  a  DerceDiase o f  {o ta t  samptcs  l . r r  Doo ls  1 -3)  o t  ro l i re rs ,
l : ra te r  Dr i tes ,  and insec ts  co l lec led  by  l1vo  s rmDi ing  methods .  _ {  =  i c l i l i t y  l raD.  \ :  =  N i ld 'Ds
sampler .  T ,  =  h r  e .  Ad =  rdu t ts ,

demonstrated a knthic existence since rotifers rvere not collected in the activity traps
and water mites had a higher cxcurrence in the \filding sampler.

All iosects exhibited avoidance behavior (Table 5). Mosquitoes occurred io higher
percentage in the activity traps, but the diving beetles were collected in acrivicy traps
only. \i/ater striders were only colleced with dip nets. Our data appars to support what
has been reported in rhe lirerature regarding the habit of these invercebrates (Edmondson
1959, Pennak 1978 ).

Barlocher el al. (1978) observed that the dry phase of temporary pools results in
higher protein levels in rhe detritus than would occur in permanenr leotic systems.
This may accounr for the large number of detritivotes and filter feeders as shown in
Figure 3. Taxa uoder this category include rotifers, harpacticoids, aod nauplii which
are primarily benthic as *ell as Aedet cdtdph l..1, ostracods, aod the branchiopods
Eabtanclsiput reffatlr!, Ddphfiii sp., rnd Ljncear brachyttu, all of which are mostly
planktonic (Edmondson 1959, Pennak 1978). Some primary production was evident
in the pools because of the observation of filamentous algae in the gtt ol Diaptomat

A large number of predarors were also presenr ir this commr:oity (Fig. 3). The
insects hacl the largest number of representarives. The planktonic Tororhytchites species
is knorvo to feed on other mosquitoe Iasae. Gerris buenoi ls a surface dwelling predator
and srcavenger, rvhereas the Dytiscidae are swimming and diving forms (Merritt aod
Cummins 1978). Adult dytiscids were observed ro prey upon aduk Eabranchiput
lertutu! in the lab and larvae have been reported ro prey upoo mosquitoe larvae (James
1969). Iosects have rhe capabil ity of actively leaving the system.
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Figure 3. Mode of existence and trophic model for free-swimming invertebrates in vernal pools of
eastern \Fashington-

\J(ater mite larvae ate lxrasitic upon insects such as the Culicidae, Gerridae, and
Dytiscidae (Penoak 1!78). However, nymphs and adults are predators which have
been reported to prey upon ostracods (\itriggins et al. 1980). CycLopr wrnalit is con'
sidered to be a predator amonli the slxcies of cntstaceans (Peooak 1978).
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