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A temporary pond is a fleeting habitat which has been
overlooked by most biologists. Copseduently the possibilities
of testiung ecological principles there have not been fully
explored. <these hollows hold water anywhere from a few
weeks in the Sudan deserts (Rzdska 1961) to over eleven

months in New York (Broch 1965). Imn that time-span full

aquatic development of the animals must occur. $So processes
which take much longer elsewhere are telescoped here. There
are few organisms in a temporary pond. However those that
there are tend to be super-ébundant. This,as well as the small
size of temporary ponds make sampling and physical-chemical
measurements easy aund accurate. Lhe temporary ﬁond is a
condensed microcosm that offers a natural test situationm.
Temporary ponds occur wherever there are shallow basins
with no outlet. Their surface is usually above that of the
watertable at least part of the year, so they. are dependent
on rains and snowmelt waters. They have been described from
areas as divergent as Michigan (Kenk 1949), Western Canada -
(Mozley 1932, Hartland-Rowe 1966, 1971), Louisiana (Moore
1963, 1968, 1970), New Zesland (Barklay 1966), and the
Sudan (Rzbska 1961). Thouéh many different écotdges are
represented,therg are some things that all temporary ponds
have iu common.. fhey are all shallow and ephemeral. tThe
éhallowness makes them suseptible tkoidely varying temppBatures.
This is not true of most aquatic habitats. All temporary
ponds reported on were inhabited by fairy shrimp for part of
their wet season. With the exception of the Sudan desert
ponds, all have a layer of detritus on the bottom, the

decomposition of which keeps pond oxygen levels low.
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Succzssion occurs very rapidly in all temporary ponds. Théy
are usually inhabited very soon after they £ill, and animal
numbers arehigh until the end of the wet phase.

The differences in pcnds may be attributed to their
dl?ferﬂng strroundings, and to the differences in length of
the wet phase. In northern USA and Canada there are woodlend
ponds,and grassland onss. Ferheps the biggest difference
between the two is the higher oxygen coutent of the grass-

ds. ®Pince they zre wmore windswent niwing oI the water
is usually more complete. ihere are two general types of
ponds in this area that may de distinguished by the length

of time that they hold water. Vernal ponds fill in the spring,

end dry up in the summer, whereas eutumnal ponds fill in the
211 end stay wet until the following summer (Wigrinz 1973).

The ponds described froum Lcoulsiana (Moore 1S70) and Cklznone
Yeosags (rzrophet 1963) ere siwiliar to North Americamn

nonds, with the mein difie of winter
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ice cover, and higher summer temperetures. A pond studied
in Inglend (Hell 1961) wes incowp ely described, but
apvears vo be similiar to the grassleand ponds of noth
America

Little work has been done on tropical temporary ponds.

Lhere are probsbly very many in arcas that get &ll of their
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Only a few of the studies of temporary ponds have been
purely descriptive. Most investigators'have picked a

specific organism and explored its.adaptations to specific

rigors encountered in temporary ponds. Since the fairy

shrimp afe unique to temporary waters they have been most
studieds <The distribution of different species of Anost-

racans, and the physical-chemical characteristics of dif-

‘ferent ponds .. have been described (Hartland-Rowe 1971,

Prophet 1963, Moore‘1965). Experimental work on the hatching
requirements of fairy shrimp eggs has led to the isolation

of characters unique to temporary ponds which the eggs must
have .(Broch 1965, Hall 1961) The elegant experiments of Broch
clearly established that exposure to air was a requirement

of the dggs before they would hatch upon inundation.

Though copepods occur in many places other than temp-
orary ponds, work has been done comparing the copepods of
temporary and permanent ponds (Cole l966),-and’ana1yzing the
adaptations of some copepods to the temporary pond environ- |
ment - (Brewer 1964)..

'Sincg oxygen levels tend to be low in temporary ponds-l
the animals must be adapted %6 survive at low oxygen con-
centrations. “ome animals such as the adult beektles avoid
the problem completely by breathing air. Laboratory
studies have been made to determine what sorté of oxygen
levels can be tolerated by common temporary pond animalé
Moorey and Burn 1968).,

One of the most interesting of temﬁorary pond in-
habitants is the daddisflia Only members of thre¢ families

inhabit temporary ponds; it appears that the Limnephilidae
and the Phryganéidae evolved independent adaptations to
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temporary pond conditiouns.(“iggins 1973). 1t

evolution of a dessication-resistant gelatino

was the
us egg matrix

that allowed the caddisflies to inhabit temporary ponds.

ork on the temporery pond as a whole has not gone fer

beyond the descriptive level. <“here are somne

primary

sroductivity investigetions (Doneld 1971), =nd a few ip-

ferences as to the fertilizing effect of dryi
there have been mno

the superconcentrated environment is ideal.

been any investigation of the focd chein of this devritus—
based systen.
Introduction

The prescnt peper attempts o d=scribe a clessical
voodland temporary pond focusing cn Tths cspects of the
limnolozgy and bioclogy that will be useful for furigher
studies., 4+ield work was bezun by checlizing the poud for
wyater in January. Open weter was present in the midd_es of
liarch at which time qual.tative collections of euimals were
begun. These collections were ccutinued tirough the middle
of August. The pcnd wes visited several times a week froz
the middle of May vo the middlie of iugustﬂ During this
time~-span any observaticns which seemed to nint towards &
zencral expleanaticn of whet is going on in & temporary
sond were followed un by lab and ©izld studies. EBus in most
czses the further stulilzs z:zrzl 22_7 oo Jesenuineg 1F thare
wes an interesting prceblen Lo nonl ThouL. EnZUEers ware
ninted at, the wWork wes 70T COnTLLIGE enough To I osve cuytiing
It is around & fzw intere531:5 chemcmena thet wers cbhsexved
in the pond that this peper will be arrzrnged.

i

ng out.

2y o de
u?s

predator prey behavior studies focr which

Yor has ther
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Pine Point Temporary Pond is located about three-~-hundred
feet from the shore pf Douglas‘iake on a tract of 1and.ownéd
by the University of Michigah Biological Station. It is
a woodlapd pond that is.totélly unconnected with the lake.
Though there was ice on the bottom of the pond in  January,
the first filliné of the year is with the spring meltwaters.
This year and last the pond held water until July when it
dried 6ut for three'weeks this year., Late summer rains
‘refilled it to the level of the 25 Jume 1973.
The.surroﬁbding forest consists mainly of maples

(Acer saccharum) which also grow right in the basin of the

pond.MTDeadymaple'leaves formd most of the pond bottom

detritus. Also grovwing in the forest are Populus tremuloides,

Populus grandidentata, Betula papyrifera, Pinus strobus, and

Pinus resinosa. The ground—cover consisted of Aralia

nudicaulis, Maianthemum canadense, Clintonia boreslis,

Polygala paucifolia, Vaccinium britonii, V. lamarkii,

Rubus sp. and Gaultheria procumbensIn the pond basin itself

grew dense clumps of Ilex verficillala as well as Chamaedaphne

calyculata, and Rosa Sp. As the pond grew shallow Iris sp.,

and Egggg Sp. grew in the muck. .

From the end of May through the fall the pond was eighty
percent shaded.. The water was consistently a very deeply
stained brown; this made anima; observations in the deep
water'very difficult. Another impedence to observation was:
the perfect mirror quality of the pond surface. When the
‘pond first formed, it covereg vasé’areas for a short time.

Ihese shallow expanses quickly dried up, so for the rest of’

the sumwmer the pond was confined to a basin that'was a little
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steeper-edsed. Jven then, however, it was shaliow enourn €0
thzt every centimeter of deptn lost substantially decreased
the areca of the wuvond.(figure 1).

terheps the wost limiting condition in Fripte rine
r o

-oint Temporary rond) is the peaucity of oxyzen. This wes

traced hrou“h tae secson, throu-h the day, and in different
depths of the pond. It is one of the iupertent Zactors to
be considered in understanding temnpcrary poncs. Another

important condition. is the dense population, and the rapidity

-t

with which one species will fade to be repleczd

Through the season the
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placed by others whose prey strete

+

different. Tc some extent succession was determined by

the weter conditions (seo discussicn of mosquitoes). EBut

)
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wels faded when there wes 40 ZNGLICETIOT TRET Tac

Lony an

=

pond would soomn be dried Uu. 10 som: extent there was une sh
distribution of animeals in the poad. Feny of the crustacea
clumped 'in sunny areas; other animeis retrezted tvo the bottonm
when it was colder, and wmeny were more atundant in shsall
vatefs. Before the interrelati-nships of Tiie various

phenomena can be worked cut, vhey m
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exact 1life histories of orgenisme injchis speciiic »ner?
(¥iptep) established. That is the =~
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The collections were
‘"Two stakes were positicned imn

place, and the other in

stakes were labelled one, and
gopereture wes megsurel £t on
same as the temperature at nin

‘n the field from one and nine

cases the water wes surfzce wa

vyreserved 1im

the field in ¢% formelir.

the pond, one &t the deepesi
. (Yuw(f, 2.\

aoout half as dcep. A fnessz
nine, respectively. \i'ater

.&; ncer the surfsce 1T wzs the
e. OCxygen samples were Il:ed
.in 300ml T3()D botiles. In ail
ter obtaﬂﬁea by submerging the

‘ bottle in the pend and letting the water flow, but uot bubble,
in., Dissolved oxygen was dsberzined in the leb by Ttz2
Alsterverz modification of the tinkler method

Wiater was brought back to the Lab for pH and conductivity
tests in & BOD bottle. The pH was determined by a Beclmen
motel N pH meter not more than hall an hour efter Thc semple
was taker. Conductivity was msesured with en Induziriel
Instr.ments Inc. Conductivity Bridge, model RC 1Z0Z.

Cn one occesicn light penetration wss measured.

The poad was mapped oun the 21 Jume wzth a 15C oot
steel tape‘and a Brunton pocket trensit. The pond bordiers
were broken down into straight-sided segments. Then The
the lengths of the scegments and the angies betweeﬁ secments
vere ueasured.
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Dr. Fred Test identified the amphibians. The remainder of
the organisms were identified using keys by ¥Yennak, iward
and Whipple, Usinger, Armett, Roth, Hilseﬁhoff, and itason
K 4 . .
(see bibliosraphy).
Feeding behavior of beelle larvae was observed in tne

1zb in small aquaria filled with gently zereated pond weter.

[4}]

Special equipment was set up for the experiments at
low oxygen tensions. A cylinder of nitrogen gas was used
with the épparatus shovz in figure 3 4o partially do-
oxygenate the water. The coutrol was identical with the
only diiference being that air instead of oxygen was bubbled

in. The number of tadpolies end . Libelullasgs intrcduced into

the test setup and the control were the same. water thzat
was deoxygenated with unitrogen wes covereld witi & Tuo
iych laver of minersl oil To form & totelly &rnzerodic

environment. The anirmals were iutroduced

t
of e tube so they would not get any oil ou their bodies.

Results and Discussion

The percent saturetion of oxygzen varied greetly in
riptep. It veried according to dete, time of day, snd

depth of the place the semple was taken.
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taken from the surface &s any lower level was likely to

ipntroduce too much detritus into the semple bottle. ZFrom

the 28 izy to The 11 Juns elvernoln oSy zZen level LT Tns
ersllicy _ocation Zrop.ed oz L0 szvrurelticn To £ soturetion.
S3miTizr Crops coouTid LT ins {eel WETIT of o stzTicn ore
cver the surmer (figure &), In.r-s2ses in OXyIen USULLLY

g
follicwed rainstorms. In generel Theres was wOgs SYTIst 1a
the ¢ ~ wezter in the afternccor. ~74 leesgt in ths ghe oy
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3:35 and 16:30.*eadivugs falliiug outside of these

i -~ . - s o~ Fal - < -— - - 3 A= S S = 3
Temoeretire was also Iounc o vary with Sime 0ol day,
was grephed accordingly ~here zle lzrger mornlug-

rroon tempereture difierences early in the season

(ray) thau thers were later (June-JulV\, In May the

o}
re over 5 C while In June they were.

seldoz cver 3 C., Over the spring and sumxeX tae pond werzmed
.. o : ot . o)

from 2 minimum of 4°C on 12 4pril to a meximum of 28 C

n the 11 June.(fizure 5). Since most weter bodies tend

5o be more constant in temperature, this fluctuztion could

Y

SN2
<V T

-
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vari

~ oo
Trec

teen important in the types of enimals found In Pipten.

RN

}
ci

the duration of their stay.

Conductivity and pH were glso messured, DuT Thiy wels
& to very only slightly. i Teudeld ©TO dscrleese OVer
sunzer, wnile conductivity imcr cased (figure 4). ihe

aticn is so slight that it is unlikely tc neve hed a

t effect on the animeis. CTonductiviity was consistentl~

very low in comparison with nearby water bodies

onl.

a2 senth of the normel conductivit

h .s m ot a hundred yards -

Tepth decreased feirly rozul il Jo7TLL Clelt LTI
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1he decrcase in area was directly correlated with oLuka]7 ?
the decreases in depth. As area decreased,numbers of
animals decreaéed, and did not increase upon a reflooding.
So by the time the poni flnally dried ughlt -had become

¢ oy chan sy oy s s’

rather dilute.The irregular depéhs of the pond meant that
the decrease in area per cm decrease in depth was not
coustant (figure 6).
| . Many different kinds of invertebrates are found in +LL
temporary pondp. Séme were always. present, some left when
a stage of their life cycle was over, and ofhers were only
very sporadically present. Always present were Sphaerium

occidentale, Lumbriculidae, Naidium breviseta, Cyclops

vernalis, collembolans, - ' Gyrinus sp..
and Gerris sp. Ths insects flew away when the water was
gone, but the others were always present. Some animals
visited the pond pﬁly very sporadically, but were truly
aquatic while there. All animals in this category were
adult beetles who apparently flew 1n, and left very shortly.
All of them were collected only once.

The most interesting sort of animals were those that
were in the.pond for only a thle, and then either died,:

or left the pond. It is these animals that arouse questions

~ O

concerning the reasons for their dissappearance. Is it X
. . <
related to sometihing about the wateﬁéhemistry, is there*i//////;gf.
— : ©
set pattern to their 1life cycle, or are they greatly JP§
‘ <pocies? ‘s iﬁ
preyed upon? Fairy shrimp® were among the first animals 34 2.
iy
to appear in the pond, they were also the first to leave, “i y
lA/ durin x/Lw_‘[ 7 o ~=—""£
not being found after the end of April. The 1asé week or’ - &
A= &
so the females were grav1d, so the adult fairy shrimp were 2’3

propably completlng their life cycle that early.



Teble 3

Orzanisms collectel! from riptep
Fhylum
Class
Order
Fa"lly
Genus esnscies
Arthropoda
Crustacez
Copepoda
Cycloons vernalis
swelobs bicusovicasgtus
18TPE&CTLICO01GAa
Cladocers .
Dephzia pulex
ceriodeovnnia lacustris.
S1imocepaaslius elenos’€
Scavnholeberis kingl
Cstraccaa
Concostraca
_omeeus brschyurus
Anostracsa
Chirocevhaliopsis burnliy:
arine
achna sp.
onnsntes SP.
tere
ridzz
Cerris sp
Cecrixicee

~notonectidae
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Cerztopogonidae
silvaudomyia sD

Drichocptera
Limnephilidae
Limrephilus

0]
[§)

Thrysaneicdae
rtilostomis sD
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the main predator. Its numbers cccurred before the lab
wor: of this project wes berun so its feedizg behavior is

1ot known. However it occurred &t a time when there were
%

mosquito larvae, tadpoles, and fairy shrimp, so it is likely

-

that it fed on thess aninsalsg
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. Unless animals such s birds
snd porCupines (which weres cbserved arcund PYiptez)
dytiscids, or they died naturslly, they were extensively

nl

cennibalistic. For the nuzmbers were great in April, &nd

cbserved in the pord the whcie last hall of May. rerneps
ochers had alresdy pupated. Similisr patterns of greet

ebundence, then great peaucity were followed by tne cthsr
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as thelr wins pads were alrsedy nuge. rerched vertically
on selre stalks, Lestesg snapped its elongate leabium o7

moscuito larvae, chironomids raoborus, &nd vrobably meny
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(ivdroecnna and Hyércetherntes) nor the

brachyurus) were ever otserved preyed upon, yet

big enough to make observinzg easy.

L . - . -
the mites immzedietel
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times, thouzh 1t was neq conspicuo
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saturation hit zero inm the shallow water. Perhaps some pond
organisms have evolved a means whereby they speed up their
development when subjected to 1OW'6xygen concentrations.
the adaptive advantagé of such a mechanism is obvious. This -
could be investigafed with laborafory'experiments which
kept animals; at low oxygen concentrations for long pepiods
of time. |

By the time experimental conditions were set up to
test animal behavior at low oxygen condentrétioﬁ, the only

large animals left in the pond were tadpoles and Libgllulas.

Four Libellulas and seven tadpoles were put in the ¢ontainer

shown in figure 3. At the start of the experiment the watef
was 97% saturated with oxygen. The water entering one
'container was scrubbed with nitrogen so three hours later
‘it had only 9% saturation. The other container remained

at 97% saturation. The experiment was run for eighﬁeen
hours after which time the nitrogen tank ran out. As long
- as: the oxygen was low all of the organisms'were in the top
quarter inch of the container, where there would be minimal
oxygen diffusing'through the surface, just as in the pond.
Nine hours after the start of the experimenf-(tsix hours
after low oxygen conditionhk: had been reached) th of the

Libellulas died. One of the remaining two had crawled

out of the water entirely, while the other had its hind.
end sticking out, and pumping, as it would do to breathe
when in watér. Earlier the fwo had had their heads |
stiéking out of the water,. In.the control ell of'the
orgéﬁisms were at the bottom of the.container for the
entire time. None of the tadpoles died, though'one was

/ -
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