


A temporary pond i s  a f l e e t i n g  habi ta t  which has been 

overlooked by most  b io log i s t s .  Consequently t h e  p o s s i b i l i t i e s  

of t e s t i n g  ecological  p r i n c i p l e s  t h e r e  have not been f u l l y  

explored.. yhese hollows hold water anywhere from a few 

weeks i n  t h e  Sudan d e s e r t s  ( ~ z g s k a  1961) t o  over eleven 

months i n  New York (Broch 1965). In  t h a t  time-span f u l l  

aquat ic  development of t h e  animals must occur. So processes 

which t ake  much looker elsewhere a r e  telescoped here, %!here 

a r e  few organisms i n  a temporary pond. However those t h a t  

the re  a r e  tend t o  be super-abundant. This,as well  a s  t h e  small 

s i z e  of temporary ponds make sampling and physical-chemical 
1 I 

measurements easy and accurate.  l he  temporary pond i s  a 

condensed microcosm t h a t  o f f e r s  a na tura l  t e s t  s i t u a t i o n .  

Temporary ponds occur wherever the re  a r e  shallow basins  

with no o u t l e t .  Their  surface i s  usually above t h a t  of t h e  

water table  a t  l e a s t  p a r t  of the  year,, so they .  are  dependent 

on r a i n s  and snowmelt wateps. They have been described from 

areas  a s  divergent a s  Michigan (Kenk l949), Western Canada . 

(Mozley 1932, Hartland-Rowe 1966, 1971), Louisiana (Moore 

1963, 1968, 1970), New Zealand (Barklay 1966), and the  
A 

&dan ( ~ z 6 s k a  1961). Though many d i f f e r e n t  d ~ 0 t 0 k e s  a r e  

r e p r e ~ e n t e d ~ t h e r e  a r e  some th ings  t h a t  a l l  temporary ponds 

have i r j  common. %hey a r e  a l l  shallow and ephemeral. $he 

shallowness makes them susep t ib le  t o  widely varying temflatures .  

This i s  not t r u e  of most aquat ic  habi ta t s .  A l l  temporary 

ponds reported on were inhabi ted  by f a i r y  shrimp f o r  p a r t  of 

t h e i r  wet season, With t h e  exception of t h e  Sudan d e s e r t  

ponds, a l l  have a l a y e r  of d e t r i t u s  on the  bottom, the  

decomposition of 'which keeps pond oxygen l e v e l s  low, 



T.'ii^ Succ3ssion occwTs v e r y  rs9iZi.y i n  a l l  tenporaTy pcnbs. L L L ~ J  

a r e  u s u a l l y  i n h a b i t e d  verr s o c n a f t e r  t h e y  211, and a n i % a l  

numb+ers a r e h i g h  u n t i l  t h e  end o f  t h e  wet phase. 

The d i f f e r e n c e s  i n  p n d s  fi2y be  e 2 ~ t r i b u t e 0  t o  t h e i r  

d i f f e r i n g  s ~ ~ : o u n d i n c s ,  a?d t o  t n z  d i f f e r e n c e s  i n  l e z c t h  of 

t h e  wet  phase.  I n  nor the rn  US?! znd Canzda t h e r e  a r e  w o o f i l ~ n d  

A 1 ponds , s a d  g r a s s l a n d  ocss .  Ferhs2s  "ne b i g g e s t  d i f f e r e n c e  

between t h e  two I s  the C i , g h e ~  oxygen c o n t e c t  o f  the g r a s s -  
. . 

7 . 7 -  7 ' -  7 I,,C a-nq nc lds .  a l n e e  t h e y  rre ,..d- , :;l-:Cs::e?t ..,- ;-Ln,-; o 3 h e  wal e r  

i s  u s u a l l y  core  ccmplete.  '~2re z r e  two general t y p e s  of 

~ o n d s  - i n  t h i s  e r e a  t h a t  z z ~  be  & i s t i n g u i & e d  by t h e  l e n g t h  

of t i ~ e  that they  k o l d  \:z+?r, Tlerzzl ponds fill in t h e  s p ~ i . ; . . , ,  

zz& d ry  U ~ J  i n  t h e  sumaer, w h e x a s  cutumnal ponds f i l l  i n  t k e  

.dn"< 1 ";-- zz11 2nd s t ~ ~ ?  y!e: - c .- 7 \; ,, b A - b  fc1lok:i-i-z S Q L ? ~ ~ ?  (':!~FFLL:~ - - ~ , / , / 2 ,  + 

-.-. 7 . .  - , - 7  1 .-- . ~ . n e  - A -  -3sn~s described f'oy 2 c l ; ~ s ~ ~ - ~ a  ( ~ < ~ o x  177S) &.~,l d,;,c::Cr.:z - 
---; -,- ;,,, I.-~:dszs (>rophe t  195 j) zre s i r i l i a ?  t o  232th Aze?icai2 

- ;~an&s k l i t h  -i;PLe r , r ln dil ' i 'eze?ces being Lr! t h e  l z c k  of v i n t e r  

I c e  cover-: and  h i g h e r  s u r z e r  t e r . ~ e r z t u r e s .  A pond s t u d i e d  

i n  3c;lznd ( H a l l  1961) was i n c o z 2 l e t e l y  descz ibed ,  b u t  . 

a p s e a r s  v o  be s i ~ l l i a r  t o  the grasslanc?. ponds or' n o ~ t h  

- ~ i t t l e  work k s s  been 6oze on t r o p i c a l  t e z p c r a r y  ~ c n d s .  
, , 
I h e r e  z r e  p r o b s b l y  v e r y  many i n  ar2a.s t h z t  g e ' ~  s l l  of t h e i r  
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O n l y  a few of t h e  s t u d i e s  of temporary ponds have been 

p u r e l y  d e s c r i p t i v e ,  Most i n v e s t i g a t o r s  have picked a 

s p e c i f i c  organism and explored i t s . a d a p t a t i o n s  t o  s p e c i f i c  

r i g o r s  encountered i n  temporary ponds. Since the  T a i q  

shrimp are unique t o  temporary waters they have been most 

s tudied .  The d i s t r i b u t i o n  of d i f f e r e n t  spec ies  of Anoat- 

r acans ,  and t h e  physical-chemical c h a r a c t e r i s t i c s  of dif- 

ferent ponds .- have been descr ibed  (Hartland-Rowe 1971, 

prophet  1963, Moore 1963). Experimental work on t h e  hatching 

requirements  of f a i r y  shrimp eggs has l e d  t o  t h e  i s o l a t i o n  

of c h a r a c t e r s  unique t o  temporary ponds which t h e  eggs m u s t  

have .(Broth 1965, Hal l  1961) The elegant experiments of Br6ch 

c l e a r l y  e s t ab l i shed  t h a t  exposure t o  a i r  was a requirement 

of t h e  Bggs before they  would ha tch  upon inundation. 

Though copepods occur i n  many p laces  o the r  than temp- 

orary ponds, work has  been done comparing t h e  copepods of 

temporary and permanent ponds (Cole 1966), *and analyzing t h e  

adapta t ions  of some copepods t o  t h e  temporary pond environ- 

ment - (Brewer 1964)- 

Since oxygen l e v e l s  tend t o  be low i n  temporary ponds 
. . 

t h e  animals must be adapted t o  survive a t  low oxygen con- 

centrat ions. .  "ome animals such a s  t h e  adul t  bee%les  avoid 

t h e  problem completely by brea th ing  .a i r .  Laboratory 

s tud ies  have been made t o  determiae.what s o r t s  of oxygen 

l e v e l s  can be t o l e r a t e d  by common temporary pond animals 

Noorex and Bum 1968). 

One of the  most i n t e r e s t i n g  of temporary pond i n -  

habi tan ts  i s  t h e  uaddisf ly* O ~ l g  members o f  thcec fami l i e s  

inhabi t  temporary ponds; it appears t h a t  t h e  Limnephtlidae , 

and the  ~ m ~ a d e i d a e  evolved independent adapt a t i o a s  t o )  
D 
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terporzry pond c o n d i t i o z s  . ( ' v i g t i n  s 1573). it w;s t,he 

e v o l ~ % t i o n  of a d e s s i c a t i o n - r e s i s ~ a n t  g e l a t i n o u s  egg matri:: 

- w. i l -a t  allo~.-?ed ?;he c a d 2 i s f l i e s  t o  i c h a b i t  temporary p ~ n d o .  

iilork on t h e  t e ~ p o r s r y  pond z s  a ;;!hole has n3t gone fzr 
. , 

: e j c ~ &  t : .e d e s c r i g t i v e  l e v e l .  '"ere a r e  sooe p r i a a r y  

; r o d u c t i v i t y  i n v e s t i g i t i o n s  ( aona ld  1971), end a  f e u  io- 

f e r e n c e s  a s  t o  t h e  f e r t i l i z i n g  e f f z c t  of d r y i n 2  o u t .  duz 

there have beec no p r e d a t o r  prey  behavior s t u d i e s  f c r  which 

t h e  s u p e r c o n c e n t r a t e d  environment i s  icieal. Nor has t h z r e  

been sng  inves ' ; igs t io :~  of t?.e foie ~ki -13  35 it' i/ -- s da--?.lr b b- - L LS- 
bzsed system, 
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begun. These co1lec t ; ions  i.:el.e c s r , - i ; c ~ ~ d  t' rouzh  ,he r.5dC-l-e 

05 August, The p ~ n C  v:zs visited sc,"~er2l t i z e s  v~eek 2:~; 
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Pine  P o i n t  Temporary Pond i s  loca ted  about three-hundred 

f e e t  from t h e  shore  of  Douglas Lake on a t r a c t  of land owned 

by the Unive r s i ty  of Michigan Bio logica l  S t a t i o n ,  It is 

a woodland pond t h a t  i s  t o t a l l y  unconnected wi th  t h e  lake,  

Though t h e r e  was i c e  on t h e  bottom of the  pond in , January ,  

t h e  first f i l l i n g  of t h e  year  i s  with t h e  s p r i n g  meltwaters. 

'Phis yea r  and l a s t  t h e  pond he ld  water u n t i l  J u u  when itl- 

d r i e d  ou t  f o r  t h r e e  weeks t h i s  year. Late summer r a i n s  '. 

r e f i l l e d  it t o  t h e  l e v e l  of  t h e  25 June 1973. 

The surrounding f o r e s t  . c o n s i s t s  mainly of mapies 

(Acer - saccharum) which a l s o  ,grow r i g h t  i n  the  basin of t h e  

pond. I.)ead.maple l e a v e s  fomd most of t h e  pond bottom 

d e t r i t u s .  Also growing i n  t h e  f o r e s t  a r e  Populus tremuloides, 

populus grandidenta ta ,  Betula papyr i fe ra ,  Pinus s t robus ,  and 
I I 

Pinus res inosa .  Ihe ground-cover cons is ted  of Ara l ia  

nudicaul i s ,  Maianthemum canadense, Cl in tonia  b o r e a l i s ,  

Polygala paucif  o l i a ,  Vaccinium b r i t o n i i ,  V. - lamarki i ,  

~ u b u s  2, and Gaul ther ia  ~rocumben6In t h e  pond basin i t s e l f  

grew dense clumps of - I l e x  verficil\sk a s  well  a s  Ohamaedaphne 

ca lycula ta ,  end - Rosa 2. A s  t h e  pond grew shallow Iris x., - 
and Carex a. grew i n  t h e  muck. 

From t h e  end of May through t h e  f a l l  t h e  pond was e ighty  

percent shaded. The water was cons i s t en t ly  a  ver$ deeply 

s ta ined  brown; t h i s  made animal observations i n  t h e  deep 

water very d i f f i c u l t .  Another impedeace t o  observation was; 

t h e  per fec t  mirror q u a l i t y  of t h e  pond sur face ,  When t h e  (' ') 
pond first formedJit  covered vast a reas  f o r  a  s h o r t  time. 
1 b ihese shallow expanses quickly d r i e d  up, so f o r  t h e  r e s t  o f '  

t h e  summer t he  pond was confined t o  a  basin t h a t  was a 1 i t t ) e  
v . , 

- -- - - -  - -  . - - .- .. . . - - - - - -- 





t h a t  Every c e ~ t i n e t e r  of Cepth l o s t  s u b s s a n t i a i i y  decreesea 

thz a r e a  o f  the pond - ( f i g w e  1). 

% l a c e d  thrcugh t . ;e s e s s o n ,  throu=h the 8sy ,  and ic diffe~znt 

c e p t h s  of t h e  i;ond. it i s  oae of t h e  i . ? c r t a n s  %c';ors t o  

be  c o n s i d e r e d  i n  u z ~ i e r s t a n 6 i - n ~  teny;.czzr.-~ J pants. iinothez 

important c o n d i t i o n  i s  %he dense p o p u l a t i c 3 ,  23d the  r a p i d i t g  

wi th  wr-ich one s n e c i e s  w i l l  f sfie t o  be 2 e ~ l z z s C  by < , . ? Z $ ~ ? Z ,  

T h r o u p  t h e  season t k e  ozin 2 r e 3 a t o r s  were c o r z i n u e l l y  r e -  
. - 

-h 1 I. by o t h e - s  v ~ h c s e  p-ey s t r s $ e g i z s  v:ere s i g z 5 f i c a n t - 7  

n d l f f e z e n t .  LC some e x t e n t  s u c c e s s i o c  wzs C e t e r L i n e d  by 
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_ .  The c o l l e c t i o c s  wsre > r e s e r v e d  in t k e  f i e l d  i n  l0$ f o r z z i l - .  

'Two s t a k e s  were p o s i t i c n e d  i n  t h e  pond, one st t h e  d e e ~ e s t  
(Ti:~rc 2> 

. , a -  p l a c e ,  and t h e  o t k e r  i:: kraze,- a3out  h a l f  a s  L ~ e p . ,  - a e s s  

. . s t d i e s  v e r e  l a b e l l e d  one, a n d  ~ i z e ,  r e s p e c ? i v e l y .  i .  a t e r  

ssze as she  t e n p e r a t c r z  a?; ninp,. Cxyge2 s z - . ~ l e 3  - l - - - . ~  ..IS* b ----St - " - -  

- -. - 
i n  t h e  f i e l d  f r ~ n  o3e an2 ~ i n e , i z  3GZnl 3 O D  boz-sles. i x  s-L 

c e s e s  t h e  wzter  wzs su2fece  ~::ater o b t a i n e d  by s u c c z z ~ i c g  t k e  

b o t t l e  I n  t h e  pcnC an6 l e t t i n g  t h e  \water f low,  bu< 1203 bubble ,  

- .  . > , - in. ~ ~ s ~ o l v e S  ox.r.jgs:- \,!as d:-;;e-=i.,lsa rr, z z e  l ~ b  ' DY -:C3 

. 7  ,.. -2-iste:Serg xc - i f  i c a 3 i s n  of t h e  l:::nklez xethod.  

:.ja:er wss Sroxg?-* beck 30 t h e  Lab for pB and c o n d ~ c 5 i v l S y  

t e s t s  i n  a BOD b o t t l e ,  The pH wes d e t e r n i n e 3  by a  3ec::rr;zz 
. - c o - a l  pH ne t22  n o $  n o r e  tkLan ?Ls12 a n  h c a ~  z f t e -  ~ 2 . 2  s z ~ ~ l e  

. . .  - -,A,;--.".' C ?  Vjes ta].:er,. C ~ n f i u c ~ ~ v ~ - ~ y  y;zs ~ . ~ E C S . ; . " Z ~  b i ; ; ~  2:: _ .iuhj d -  ..-=- 

- . . ,  ..-. . T - ? C  7 -  r 

& d d  ar;dgs, GaccA L.;:" -.;GL" 1 - ~ s t r : . . o e n t s  I z c  , Condxc-6-. .JI_--~ 

Gs one o c c e s i c ~ ~  lFgk% ; ~ z c e t r z t i o n  wss c '2as~-?5 .  

The pond wzs xap7ed on t h e  il Ji;.?e w:tk a 15C 209% 

7 

s t e e l  t a p e  a ~ d  a  3 r u n t o c  p o c k e t  %ran s i t .  r h e  P G E , ~  b o ~ c e r s  
. - were broken  down i ~ t o  s t r a i g h t - s l o e 6  se{;gents. ?her? %?:s 

t h e  l e n g t h s  of t h e  sc-gaents  , ~ c &  the a n z l e s  betvieen se5zeni;s 

v e r e  r ; ;easu~e5,  
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t h e  orgaxisrns were i d e n 5 l f i e d  z s i n g  keys  by kennak, ;!~rd 

and b!hipple, Us inger ,  Arne t t  , t ioth,  Hi lsenhoff  , and i:Aason 
. ? 

( s e e  b i b l i o ~ r a p h y ) .  

Feediag  b e h a v i o r  of b e e f l e  l a r v a e  wzs observe2 in t h e  

I s b  i n  s z a l l  aqua-ia f i l l e d  v i t h  g e n t l y  c e r e a t e d  pocd wszer. 

S p e c i a l  equi2ment was s e t  up foz t h e  z x p e ~ i i x e r t s  a t  

low o w g e n  t e n s i o n s ,  A c y l i n d e r  cf n i t r c g e n  gas was used 

s r i th  t h e  ~ p p a r a i ; u s  shov :~  i c  figure 3 t o  ; jz r . t ia l ly  2.2- 

oxygenate  the ::'atzr. T h e  cor . tzc i  was i 6 e c t i c a l  !..:it> t h e  

on ly  di ' ference b e i n g  t h a t  a i r  l c s t e a o  of oxygen - ~ z s  b ~ b S l e d  

r37' i n .  ~ r ~ e  c u ~ b e r  of  t a d p o i e s  z n 2 - L i b e l ~ . l l s s  i n z r c d ~ c e ?  i n t o  

t h e  t e s t  s e t u p  236 t h e  c o n t r o l  were t h e  same. t j a t e ~  thsz 

.a of 2 tube s o  the j -  wou.lci n o t  get acy o i l  0%- -~'r_a'- - -L ScCies. 

Z e s u l t s  and  3 F s c u s s i ~ n  

The p e r c e n t  s a t u r g t i o s  of oxyc;en vz~led g-e~$l-y is 

- .  
klptep. It v a r i e d  a c c o r d i n c  t o  d z t e ,  c i ~ e  of day, z ~ d  

depth of t h e  p l a c e  t h e  s z x p l e  v:as t a k e n .  r - i l  sac2les 7;Jere 

. . i n t r o d u c e  t o o  nuch d e t r i t u s  i n t o  zAe s a n ~ l e  b o ~ t l e .  ?TOE 

, . .  . - .  -. - --'sZ' C-"3z2s " r .  ' . -- --- - " ' .- -- ,- 2 :.:2;:.-, 
L d L *  G - .. .- d 

- - 5 -- '. --. - - -,- ,- - -. .- - - , 
. . > b  - -  c -  L U G "  --..a ...- 
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-A"- - . - -LLG.se 3 Y.?,Yl , 4L i , lz -  ~ . ! a t t ~ .  : :c -n inz  rea:;ic-.s v j e ~ e  c l  --.- 

< > -2 " 'V . IV '  

?,et!%lzan 8 : 3 0  and l6:3O vh i l e  aftercsos z z c 5 i n ~ s  we-e t zken  

* .  - - .  
b3 - a l l ~ y , s  o ~ t s ~ ~ e  02 <?:ese sec!;reer; 13: 35 2 2 ~  16: f ~ . ~ ~ e ~ 2 i i ! r n  - -  

t i7!en :.ere ~ 3 %  Cr8Pked (->Ic. I ) ,  
f 

7.. - -, :.- ,-. . p r - - - - - - - + -  -c..:-:zI c V -.- - - - ;e  k - ~ s  21~9 ,,,-. , fc, 7 7 3 ~ ; -  \;i$-l' ';ixe 02 dsy,  

the 

('.:ay) 'i;ka:; t-er.2 \ ;zre l a t e r  ( J ~ ~ ~ - J ~ ~ ~ ) ,  19 I;:ag the 
3 - - -'='='*7~-- c z ~ ~ ~ - , , ~ c e s  were G - ~ e r  5 C while Ln J a n e  t hey  were. 

c.r: ;cl;_e 11 J ~ n e . ( ~ i ; ~ r e  5) Sincs n o s t  1:~ate: bodies t e n 6  
- - 

TO 52 core constact in t e n p e r a ~ z r e ,  this f l u z T u a $ i o ~  cc5-z 

. - 
varlaticn Is so slight % h a t  it I s  ~ ~ l i k e l ; ~  to hsvs naa s 

very IOVT I n  co~:parlson wizh 3~3~:-.Cy water bodies 

onl . 

n ;  -n? T- --.-. 1 . >  
. - - - -  -- . . , . - - . - . -. . - . .-- Tip--,th decreased f G - - - J  - b. l - . - .LL .... .,-.. , .. . - - --. --- L.. 





i'he decrease i n  a rea  was d i r e c t l y  c o r r e l a t e d  with o L ~ , ~ ; ~  1, 
t h e  decreases  i n  depth. A s  a rea  decreased,numbers of 

animals decreased, and did not increase  upon a  reflooding.  

So by t h e  i t ; h a d  become 
e- 

r a t h e r  pond meant t h a t  

t h e  decrease i n  area  p e r  cm decrease i n  depth was not 

constant  ( f igu re  6). 

Many d i f f e r e n t  k inds  of inve r t eb ra tes  a r e  found i n  +k .. 
temporary pond). Some were always present ,  some l e f t  when 

a  s ta-e  of t h e i r  l i f e  cyc le .  was over, and o t h e r s  were only 

very sporadica l ly  present .  Always present  were Sphaerium 

occ identa le ,  Lumbriculidae, Naidium b r e v i s e t a ,  Cyclops 

v e r n a l i s ,  collembolans, Gyrinus =. 
and G e r r i s  a. %be i n s e c t s  f lew away when t h e  water was 

gone, but  the  o thers  were always present .  Some animals 

v i s i t e d  t h e  pond oaly very sporadica l ly ,  but were t r u l y  

aquat ic  while there .  A l l  animals i n  t h i s  category were 

adul t  b e e t l e s  whp apparent ly  flew i n ,  and l e f t  very shor t ly .  

A l l .  of . them were c o l l e c t e d  only once. 

The most i n t e r e s t i n g  s o r t  of animals were those  t h a t  

were i n  t h e  pond f o r  only a  while, and then e i t h e r  died, .  
' /  

o r  l e f t  t h e  pond. It is these  animals t h a t  arouse questions t 
cbncerning t h e  reasons f o r  t h e i r  dissappearance. Is it 3 ;  
r e l a t e d  t o  something about t h e  wate i s  t h e r e  a  -- 
s e t  p a t t e r n  t o  t h e i r  l i f e  cyc le ,  o r  a r e  they g r e a t l y  

5yscrPS ? 
preyed upon? Fai ry  shrimp were among t h e  first animals 

t o  appear i n  t h e  pond; they  were a l s o  the 

not being found a f t e r  t h e  end of April .  

S O  t h e  females were gravid,  so  t h e  a d u l t  f a i r y  shr imp were,  $c2 
probably completing t h e i r  l i f e  cycle  t h a t  e a r l y *  

b = a  



i,hyluni 
C l q s s  
Order 

?zr.L:y 
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c . j ) ~ - t i ~ ~ r ~  l c r v a e .  *z3-E~: skr l ; : !p  ~ ~ 2 s  ., r/ viere 

ss .xeroas  zsrly iz $ 5 2  s . zas~a ,  zy:d , r o j a G z y  ~~~y~~ ~1;:- .& 

- -,Li - --I ,c 2:tly 3:j 2;r-e T r L q  :.?:riy-:~ ~ j ~ ~ j u l a t i o n .  2 u t  i t  canno t  
3 

iSe su. . - -  - - - A  LG,.' Ly,= , -  2 ---- -' - - C 1 -  - Q-,-.--.- 
- F - G s  jcd >,- . .' L... =;. . .> L-- vGe 7..7erz crrec ; . . -  --.--- 
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,;I ;p.ouh l sc:>: .rc1r~6~s . l .!hn_Fcb t;e;?e prey TO  re^! ryredeto~s 

t h a t  . 2130 -----J i , - ~ y  +Y- '  V r l ~ b  did zot d i s z 2 2 e a ~  2% "--'" U L - ~  L, tice. 

d ~~s~~~~ ysrz  ?lie 2 ~ 2  - Cj3yi .-- - - < j ; ? ~ i 6  ~ ~ C Q S ~ T ~ S  r e m ~ L z e f j .  

. . .  
nreser,t. ~i-cc5chelus ; : . ; 5 i ~ ~ ~ l ; , 3  s-. w s ,.-,.L d - ~ ~ l ~ ~  3-o-3 -.- - - 2 - - - I -  - - ,  .qr:.7 ... L - - A-- -- 
&id ~ o t  a;;pear until the p r e c k t o r s  were biz - e n o c ~ > ~  ~2 tyLez 

it must be rep.ate&, ezy correlation is still e;;i~eLy 

. . " ..12 p - ' - : -  - - <  ?. . - 
+ u i - C -  c :" 3 ' 1 z ,z t i -..r 2 - -; - .;"7 z LL 5 ;: 
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early.  k e r h z 2 s  food  g e % s  s c a r c e  eeoouzh 1s:e i n ' t k e  saaaori 
> 

S O  L-+..- b , - d ~  ' they wo~ld all Sie if ssr:~e were not e l i m l g a t e d .  

The err- \  .- -7 92e3at9-r ~2 6 ->E217 c 7 - - - .TJ~  ‘ 
V A A - W  LC- Is a n 5 t k r  b e i t l e  l~rva , 

in this pcnd. 1% c o u l d  -35 ~ Z O Y * ? ~  l~:-<a af a d i f_zZ ' e r t  
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A;- L L L e  F 225-3 p r e 6 a t o r .  its sc.-hers occulrzed b e f o r e  t h e  ieb 

>icr_ of t h i s  p r o j e c t  ~ : s s  S e r - ~ r :  s.; i t s  f e e d i l g  beb-a~ior is 

-::at knokja, however it occuz-ea zt a t ime  when t h e r e  were 
t 

r : o s q ~ l t o  larvae, t a $ s o l e s ,  is& f a i r s  z h r i s ~  - 9 s o  i t  i s  l i k e 1 7  

+ T  it f e d  on t h 2 - j ~  ani!-..;k. i'cless a n l z s l s  szch  ES birds 

t;?d l;orcbipines (~ ;$~h ich  i i e z a  c j s e r v e d  al-cmd l i ip te? )  a;e 

& j r s i s c i d s ,  o r  %hey die,& r j a t u r i l l y ,  t h e y  were e x t e n s i r e i i  -J 

c a z n i b z l i s t i c .  202 the cuz5ers were g ~ e 2 . t  ic At:p?rll, ~ r d  

-L- br_er; dr--,-,.ed.to tkie ?=ict -fl?.2t o c l y  one 5 y t < 3 ~ ~ . 7  ~ J B s  
-. 

- - . - -w..n-.-;, S -  - - ? ,  

&, - . .  : 7 +- - ;  -, - -  
2 i 1  -i-i 1 ? - - - -  ":-, J . , ~ s  L,;S cL.:c-l,c, - L.-,e 3 LCL? :.;A J C _ ~ ~ . L Z S  \!ere 13 d - - - r  -- 

- .  . - ,  - , , 
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-. &. - c2 ~ T G G  t k e r e  
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-7 ,- - -7  . - 

2s ;L-islr b:in; pads -2Te alAIGdj  .-Lkee 3e~cne ;  v e r t i c s l l r  
- - . L  cn 32555 stalks, L e s t e s  sqs;;?eG 1;s c1ong;zfe l a b i u ~  c l  

- .  - 7  w-  - r ~ s ~ g i t o  l 2 r v 2 e 9  c > l r o n ~ z l c s ,  y : ~ o ~ O ~ L . ~ ,  ~-:d 3293251y - p8CY 

- .  , 7:- 1 2 - Y ?  L V  bLLS 
~ 0 ~ 3  i l ; t , l e r  t 5 i ~ g - j   hick 7:!$"e n o t  observed ,  L . - ~ i , -  

, - - - - - 
2;5, 

- - P  - -  - - 
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(!':;ljlr.cc:?nz azd 'rs_;rCr:c?zrtes) n o r  t h e  c l a n  s h ~ i n p  (L,-nceus 

brachyurcs) s e r e  e v e r  o",erved prez~ed,  upon, $ e t  -:hey were 

big enoagh to ~ a k e  ~ S s e r v i z : ;  easy ,  "he r e d  c o l o r a t i o n  of 

4 .  the eltes i::.;:;edi~$elg ss.; .zests - ., Shat t h e y  a r e  d i s t s s t e f u l  

clam ~ 5 . 5 ~ ;  nzotccts it, 

The l e a c h  Gculsb6ells l u c i d 2  wss c o l l e c t e d  s s v e r a l  

, spicuous e n o i l ~ h  t~ be obse-ved t L n e s ,  thozgh it was ne-fsz c o ~  

in t h e  pon?&. 3r, Xdgar zepcrted f i x d i n g  t k i t  l e s c h  ccz led  

up Insice the s h e l l s  of Z i a s e ~ n a i l  c l z n s  whe2 tezpozar--  Y 

~ o n d s  z;2,~ozched d:;7'ing out, So c l a n s h e l l s  xzre  ~cvesu ig . ; a t e5  
- - 

- . - , . - -- - - :~ec , lc t sc - ,  - l e e c h e s  r.jer2 fczz& ia 107; sf 

!Ti Sphaz-ic:? occidentelis exzzine2. l h i s  is a u n i q u e  V!EY of 
. . sLrvl-,rln;-: t h e  dry SeasGc, 

L, 

i n  the d r b -  pose  bc%ton.  %her o-zanisns c o ~ l j  ei:h.zr 

burro-:.r Coy;!ri t o  ~ S T T . ; J Z ~ S S ~  0 1  nvstivste 2s larvae, s r  z&clts, 
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GT: z r t i ~ a l s  a t  I s w  oxygen l e v e l s ,  a n i  ZSTZ exzct  T ; z ~ s ~ L z F ~ ~  

- .  of f i e i d  ox-~,-en would be interesting. The 23 i-.sj-,a o ~ u r n a l  

study of ozygea in EFptep was naCe, The 2ond was visitez 
P 

.zvev Tour h o u r s  f o r  twer.ty-f'our h c u r s ,  O:p-ygen k ; : . ~  four,& t o  

water  it 3nder:;;ent a si~~;i l i i :? .~ &ecr.ezse '3i;t t h e r e  t rzs y!ac'r: 

l e s s  oxgg:en all s r o u a d ,  s o  i n  the eszly c o r n l ~ g  cxygen 1.~2s 

is a b o u t  $\::enty ?-jerce-;?t - Seti:!eeg t h e  sxyface  of ;Ye 
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s a t u r a t i o n  h i t  zero i n  the  shallow water. Perhaps some pond 

organisms have evolved a means whereby they speed up t h e i r  

development when Bubjected t o  low -oxygen concentrations.  

t h e  adapt ive advantage of such a  mechanism is  obvious. This 

could be inves t iga ted  w i t h  l abora to ry  experiments which 

kept an imals  a t  low oxygen concentrat ions  for l o ~ g  period8 

of time. 

By t h e  time experimental condi t ions  were s e t  up t o  % 

t e s t  animal behavior a t  low oxygen concentration,  t h e  only 

l a r g e  animals l e f t  i n  t h e  pond were tadpoles and Libe l lu laa .  

Four L i b e l l u l a s  and seven tadpoles  were put i n  t h e  container  

shown-in f i g u r e  3, A t  t h e  s t a r t  of t h e  experiment t h e  water 

was 97% s a t u r a t e d  w i t h  oxygen. The water en te r ing  one 

conta iner  was scrubbed w i t h  n i t rogen  so t h r e e  haurs  l a t e r  

it had only 9% sa tura t ion .  The o the r  container  remained 

a t  97% sa tu ra t ion .  The experiment was run f o r  eighteen 

hours a f t e r  ,which time the  n i t rogen  tank r'an out.  A s  long 

a s  t h e  oxygen was low a l l  of t h e  organisms were i n  t h e  top 

quar t e r  inch  of t h e  container ,  where the re  would be minimal 

oxygen d i f f u s i n g  *through t h e  su r face ,  ju s t  a s  i n  t h e  pond. 

Nine hours a f t e r  t h e  s t a r t  of t h e  experiment-(. .  s i x  hours 

a f t e r  low oxygen kondi t ionbhad been reached) two of t h e  

~ i b e l l u l a s  died. One of t h e  remaining two had crawled 

out of t h e  water e n t i r e l y ,  while t h e  other  had i t s  hind 

end s t i c k i n g  out ,  and pumping, a s  it would do t o  breathe 

when i n  water, E a r l i e r  the  two had had t h e i r  heads 

s t i c k i n g  out  of t h e  water;- I n  t h e  cont ro l  e l l  of t h e  

organisms were a t  t h e  bottom of t h e  container  f o r  t h e  

e n t i r e  time. None of t h e  t adpo les  died, . . though one was 
. - . . 
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