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ECOLOGY AMD REPRODUCTION OF FIVE SPECIES 

OF ANOSTRACA IN OfCW.HOm

INTRODUCTION

At l e a s t  28 s p e c ie s ,  r e p re s e n t in g  s ix  f a m i l ie s ,  o f  A nostraca 

a r e  known to  o ccu r i n  N orth A m erica. A pprox im ately  o n e - th i rd  o f  th e se  

s p e c ie s  a re  known to  be p r e s e n t  in  Oklahoma and Kansas (D ex ter 19$9)> 

b u t  v i r t u a l l y  n o th in g  i s  known o f  t h e i r  eco lo g y . Thus, the  r e l a t i v e l y  

r i c h  f a i r y  shrim p fauna o f  t h i s  p a r t  o f  th e  U n ite d  S ta te s  o f f e r s  a 

f e r t i l e  a re a  f o r  e c o lo g ic a l  r e s e a rc h .

My problem  c o n s is te d  o f  two m ajor p h a se s , th e  f i e l d  phase  and 

th e  la b o ra to r y  p h a se . M ajor o b je c tiv e s  o f  th e  fo rm er a re  l i s t e d  below .

1 . To lo c a te  h a b i ta t s  o f  d i f f e r e n t  s p e c ie s  in  Oklahoma and to  v i s i t  

h a b i ta t s  th ro u g h o u t a l l  seasons o f  th e  y e a r  to  determ ine th e  

s e a so n a l o ccu rren c e  o f  th e  r e s p e c t iv e  s p e c ie s .

2 . To m easure c e r t a in  p h y s ic a l-c h e m ic a l c o n d itio n s  to  re v e a l s i m i l a r i t i e s  

and  d if f e r e n c e s  o f  th e  h a b i ta t s  o f  v a r io u s  s p e c ie s .

The m ajor o b je c tiv e s  o f  th e  la b o ra to r y  phase  were as fo llo w s .

1 . To s tu d y  th e  p ro d u c tio n  o f  eggs by  each  s p e c ie s  w ith  re s p e c t  to  th e  

fre q u e n c y  o f  c lu tc h  d e p o s i t io n ,  c lu tc h  s i z e ,  and th e  d u ra tio n  o f  

th e  p ro d u c tiv e  p e r io d .

2 . To observe  th e  developm ental h i s to r y  o f  each s p e c ie s  and to  determ ine  

th e  i n s t a r  a t  w hich se x u a l m a tu r i ty  i s  a t t a in e d .

1



K

2

. 3» To s tu d y  th e  h a tc h in g  o f  f a i r y  shrim p eggs to  determ ine how soon 

a f t e r  d e p o s it io n  h a tc h in g  would o ccu r and to  o b ta in  p re lim in a ry  

in fo rm a tio n  co n cern in g  f a c to r s  in f lu e n c in g  h a tc h in g .



REVIEW OF LITERAIURE

The h is to r y  o f  th e  s tu d j’ o f  th e  A nostraca  in  N orth America i s  

g e n e ra lly  c o n s id e re d  to  have begun w ith  th e  p u b l ic a t io n  o f  A. S . P ack a rd ’s 

monograph o f  th e  phy llopods o f  N orth America (P ackard  1 8 83 ). A lthough 

e a r l i e r  works e x i s t ,  P a c k a rd ’s monograph was th e  most e x te n s iv e  to  

appear up to  th a t  tim e . Most l i t e r a t u r e  d u ring  th e  n e x t f i f t y  y e a rs  was 

concerned w ith  taxonomy o r d i s t r i b u t io n  o f  s p e c ie s ,  Shantz (190$),

Johansen (1922), Van Cleave (1926), G reaser (1930a, 1930b), Ferguson 

(193$a, 193$h), and M attox (1936) a re  r e p r e s e n ta t iv e  o f  such w orks.

The ecology o f  a l l  b u t a v e ry  few sp e c ie s  i s  p o o r ly  known. 

A pp aren tly  w a te r  tem p era tu re  i s  an im p o rtan t l im i t in g  f a c t o r  to  th e  

o ccu rrence  o f  Eubranchipus v e m a l i s  ( V e r r i l l )  and E. s e r r a tu s  F o rb es .

These sp e c ie s  appear in  I l l i n o i s  and Ohio d u ring  th e  e a r ly  sp r in g  b u t 

d isa p p e a r  soon a f t e r  w a te r  tem p era tu res  in c re a s e  to  app ro x im ate ly  23° C 

(Ferguson 1939; D ex ter and Ferguson 19U3; D exter and S heary  19ii3; D exter 

19h3) 19^6; D exter and Kuehnle 19U8, 1 9 $ l) .

S tre p to c e p h a lu s  s e a l i  Ryder has a ls o  been th e  s u b je c t  o f  s e v e ra l  

s tu d ie s .  In  L o u is ia n a , Moore (19$1, 19$$) has c o l le c te d  th i s  sp e c ie s  

from ro a d s id e  d itc h e s  and p in e  f o r e s t  p o o ls  th roughou t th e  y e a r . Moore 

re p o r te d  t h a t  th e  L o u is ian a  h a b i ta ts  were c h a ra c te r iz e d  by a  low a l k a l i n i t y  

(L -l$  ppm) and low pH (U .9 -6 .2 ) . In  Kansas (Leonard and Ponder 19U9, 

P ro p h et 19$9) and Oregon (Coopey 19U6) th e  h a b i ta ts  o f  t h i s  s p e c ie s  te n d
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to  be more a lk a l in e  (pK u s u a l ly  7 .2  to  7 .8 )  w ith  t o t a l  a l k a l i n i t i e s  o f  

about $0 to  100 ppm. S tre p to c e p h a lu s  s im i l i s  B a ird  occurs  in  n o r th e a s te rn  

Mexico and sou thw est Texas. Moore (1958) re p o r te d  t h a t  h a b i ta t s  o f  th i s  

s p e c ie s  r a r e ly  e x h ib ite d  a  pH o f l e s s  th an  8 .2  o r  a  t o t a l  a l k a l i n i t y  o f  

le s s  th a n  100 ppm.

Ehibranchipus holm ani Ryder in h a b i ts  th e  h e a v i ly  shaded  brown- 

w ate r c y p re s s -so u r  gum poo ls  o f  so u th w este rn  L o u is ian a  (Moore 1959b).

Khovm h a b i ta t s  o f  t h i s  sp e c ie s  were a ls o  in h a b ite d  b y  S . s e a l i  b u t a t  

d i f f e r e n t  tim es o f  th e  y e a r .  L ike o th e r  members o f  th e  genus E ubranch ipus , 

t h i s  s p e c ie s  i s  a  c o ld  w a te r  form . Moore s t a t e d  th a t  when w in te r  f lo o d in g  

o f  th e se  p o o ls  r e s u l t e d  in  th e  h a tc h in g  o f  b o th  s p e c ie s  th e  s tre p to c e p h a -  

l i d s  w ere soon e lim in a te d  o r  g r e a t ly  reduced  in  numbers by some unknown 

f a c t o r  o r  f a c t o r s .  The more r a p id  grow th r a t e  o f  E. holm ani a t  w in te r  

tem p era tu res  p ro b a b ly  c o n tr ib u te d  to  th e  d isap p ea ran ce  o f  the  s tre p to c e p h a -  

l i d s .

Cobpey (1950) found Eubranchipus oregonus G rease r in  m ild ly  a c id  

tem porary  poo ls  (pH 5 .8  to  6 ;2 )  in  W ashington d u rin g  th e  w in te r  and e a r ly  

s p r in g .  ly n ch  (1958, i 960) re p o r te d  t h a t  s e v e ra l  sp e c ie s  o f  B ran ch in ec ta  

w ere found in  sm a ll, a lk a l in e  poo ls  i n  th e  n o rth w es te rn  U n ite d  S t a t e s .

The re p ro d u c tiv e  h a b i ts  and com plete developm ental h i s t o r i e s  a re  

known f o r  o n ly  a  few s p e c ie s .  P arth en o g e n es is  can o ccu r in  th e  b r in e  

sh rim p , b u t  i n t e r n a l  f e r t i l i z a t i o n  i s  n e c e ss a ry  in  th e  f re s h -w a te r  sp e c ie s  

(D ex ter 1959, Pennak 1953). The sperm o f  E . v e r n a l i s  a re  ameboid (B aker 

and  R osof 1927 ).

L in d er (1959, I960) s tu d ie d  th e  s t r u c tu r e  and h is to c h e m is try  o f  

th e  fem ale re p ro d u c tiv e  organs and egg membranes o f  C h irocephalus bundyi
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(F o rb e s ) . He s t a t e d  t h a t  th e  a b i l i t y  to  w ith s ta n d  d e s ic c a t io n  and th e  

h a tc h in g  b e h a v io r  o f  eggs w ere dependen t upon th e  amount o f  m a te r ia l  

s e c r e te d  by th e  s h e l l  g la n d s . In  C. bundyi th e  s h e l l  g lands a r e  

fu n c t io n a l  when th e  f i r s t  eggs e n te r  th e  o v isa c  and s e c r e te  a  com plete 

o u te r  s h e l l .  The eggs a re  f e r t i l i z e d  by  s te l l a t e - s h a p e d  sperm  i n  th e  

egg s a c .  In  A rtem ia , egg p ro d u c tio n  may commence b e fo re  th e  s h e l l  g lands 

have m atu red , and th e  f i r s t  eggs to  be produced re c e iv e  l i t t l e ,  i f  any, 

s h e l l  m a te r ia l .  Development o f  such  eggs i s  r a p id  w ith  th e  n a u p l i i  o f te n  

em erging w h ile  s t i l l  w ith in  th e  o v is a c . L a te r  c lu tc h e s  re c e iv e  a  copious 

su p p ly  o f  s h e l l  m a te r ia l  and a re  cap ab le  o f  w ith s ta n d in g  lo n g  p e r io d s  o f  

d e s ic c a t io n  (Lochhead 1 9 50 ).

The im mature f a i r y  shrim p escapes th e  egg as  e i t h e r  a  f r e e -  

swimming n a u p liu s  o r  a  more advanced m e tan au p liu s  and p a s se s  th ro u g h  a 

s e r i e s  o f  immature s ta g e s .  The number o f  in s t a r s  and r a t e  o f  developm ent 

v a r ie s  from one s p e c ie s  to  a n o th e r .  Heath ( I 92I4.) r e p o r te d  t h a t  A rtem ia 

s a l i n a  (L) was s e x u a l ly  m ature by  th e  1 2 th  i n s t a r  w h ile  B ran ch in ec ta  

(now P r i s t i c e p h a l i s ) o c c id e n ta l i s  (Ib d d s) was cap a b le  o f  c o p u la tio n  du ring  

th e  16th  i n s t a r .  The developm ent o f  o th e r  s p e c ie s  i s  p o o r ly  knovm.

F orm erly , i t  was b e l ie v e d  th a t  a n o s tra c a n  eggs r e q u ire d  long  

p e r io d s  o f  d e s ic c a t io n  a n d /o r  f r e e z in g  b e fo re  h a tc h in g  would o ccu r. Due . 

to  th e  tem porary  n a tu re  o f  m ost f a i r y  shrim p h a b i t a t s ,  eggs a re  u s u a l ly  

s u b je c te d  to  such  c o n d i t io n s ,  b u t  d ry in g  o r  f r e e z in g  a r e  n o t  in d isp e n sa b le  

to  th e  h a tc h in g  o f  th e  eggs o f  some s p e c ie s  (Avery 1939, Lundblad 1921). 

.Weaver (I9 ii3) r e p o r te d  t h a t  eggs o f  E, v e m a l i s  f a i l e d  to  h a tc h  u n le s s  

s u b je c te d  to  d ry in g  o r  f r e e z in g  c o n d i t io n s .  To th e  c o n t r a r y .  Hay and 

Hay (1889) r e p o r te d  t h a t  th e  eggs o f  t h i s  s p e c ie s  w ould h a tc h  w ith o u t
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f r e e z in g ,  and C a s tle  (1938) o bserved  h a tc h in g  o f  S . v e r n a l i s  eggs which 

had n e i th e r  been d r ie d  n o r f ro z e n . Moore (1937) has observed  th e  h a tc h 

in g  o f  u n d r ie d  S . s e a l i  eggs in  th e  la b o ra to ry  on numerous o c c a s io n s . In  

th e  case  o f  C h irocephalu s diaphanus P ré v o s t,  a  European s p e c ie s ,  h a tc h in g  

i s  r e ta rd e d  by s h o r t  p e r io d s  o f  d ry in g  (M athias 1926, H all 1933)*

In  a d d i t io n  to  tem p era tu re  and d e s ic c a t io n ,  w ate r d ep th , osm otic 

p re s s u re  o f  th e  e x te rn a l  medium, and th e  accum u la tio n  o f  m e ta b o li te s  a re  

th o u g h t to  in f lu e n c e  th e  h a tc h in g  o f  a n o s tra c a n  eggs (Moore 1937; H all 

1939a, 1939b, 1939c, 1961).

Numerous organism s a re  knovm to  p re y  upon f a i r y  sh rim p s. Known 

p re d a to rs  in c lu d e  w a te r  b i r d s ,  le e c h e s ,  f i s h e s ,  am phib ians, c r a y f i s h e s ,  

d y t i s c id s ,  and n o to s tra c a n s  (Johansen  1922, C re a se r  1929, M osley 1932, 

Pacaud 1933, M cCarraher 1939). Pacaud (1936) b e l ie v e d  t h a t  am phibians 

and  d y t i s c id s  became s e r io u s  p re d a to rs  o n ly  when th e  m ilie u  was m od ified  

to  th e  e x te n t  t h a t  th e  f a i r y  shrim ps were w eakened.

The food h a b i ts  o f  m ost s p e c ie s  a r e  l i t t l e  knovm. In  g e n e ra l,  

f a i r y  shrim ps a re  f i l t e r  fe e d e rs  and. u t i l i z e  b a c t e r i a ,  a lg a e ,  p ro to z o a n s , 

p o l le n ,  and b i t s  o f  d e t r i t u s  (Despax 192b, Pennak 1933, D ex ter 1939).

V ir tu a l ly  n o th in g  i s  knovm o f  th e  p a r a s i t e s  o f  a n o s tra c a n s . 

C re a se r  (1929) re p o r te d  t h a t  s t r u c tu r e s  th o u g h t to  be  c y s ts  o f  trem atode 

c e r c a r ia e  have been observed  in  some sp e c ie s  such  as E. v e r n a l i s . Hovmver, 

t h i s  has n e v e r  been co n firm ed . Young (1932) re p o r te d  t h a t  A rtem ia s a l i n a  

was an in te rm e d ia te  h o s t  o f th e  c e s to d e , Hyme.nolepis c a l i f o m i c u s . The 

in f e c te d  A rtem ia were found in  Mono Lake and s a l t  ponds n e a r  Chula V is ta , 

C a l i f o r n ia .  Mono Lake i s  in h a b ite d  by  a  co lony  o f  C a l i f o r n ia  g u l l s  

(Larus c a l i f o r n i c u s ) d u rin g  th e  summer. Young dem onstra ted  t h a t  i t  was
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p o s s ib le  to  i n f e c t  la b o ra to r jr -h a tc h e d  g u l l s  v iith  t h i s  tapeworm by feed in g  

th e  young g u l ls  in f e c te d  b r in e  shrim p. The t r a n s f e r  o f  th e  p a r a s i t e  

eggs from th e  g u lls , to  th e  b r in e  shrimp occurs in  some unknown m anner.



. FiETHODS AN© MAIERIAIS

F ie ld  reco n n a issa n ce  was i n i t i a t e d  d u rin g  Septem ber 19^9 to  

e s t a b l i s h  th e  lo c a t io n  o f  f a i r y  shrim p h a b i t a t s .  E a r ly  t r i p s  were con

ducted  to  l o c a l i t i e s  in  Oklahoma from which o th e r  w orkers had c o l le c te d  

a n o s tra c a n s  (Mackin 1936 and p e rso n n a l com m unication from Dr. A rth u r N. 

B ragg, U n iv e rs i ty  o f  Oklahoma). Exploratory'- work was conducted  in  a l l  

par-ts o f  th e  s t a t e  i f i th  th e  e x ce p tio n  o f  th e  panhandle and n o r th e a s te rn  

c o m e r .  In  a l l ,  I46 o f  th e  77 Oklahoma c o u n tie s  w ere v i s i t e d .  F ie ld  

work was a l s o  conducted  in  Sumner County, K ansas, in  th e  v i c i n i t y  o f  

my home, C a ld w ell.

H abi-tats lo c a te d  in  Sumner County, K ansas, and T illm an , Comanche, 

M cClain, and C leveland  c o u n tie s  in  Oklahoma w ere s e le c te d  f o r  s tu d y . The 

above a re a s  w ere s e le c te d  on th e  b a s is  o f  th e  number o f  s p e c ie s  and 

abundance o f  h a b i ta t s  t h a t  were found . The s tu d y  h a b i ta t s  were v i s i t e d  

th ro u g h o u t a l l  seasons o f  th e  y e a r .  The freq u en cy  o f  v isi-bs to  any  one 

a re a  was de term ined  p r im a r i ly  by th e  o ccu rren ce  o f  p r e c i p i t a t i o n  and th e  

d u ra tio n  o f  th e  p e r io d  th a t  th e  h a b i ta t s  were in u n d a ted .

A d ip  n e t  was u sed  to  c o l l e c t  specim ens. Samples f o r  i d e n t i f i 

c a t io n  purposes w ere p re se rv e d  in  70% a lc o h o l.  In  th e  la b o ra to ry ,  

in d i-v id u a ls  were examined w ith  th e  a id  o f  a  b in o c u la r  m icroscope to  

d e te rm in e  t h e i r  sex  and body le n g th .  Length was m easured from th e  f r o n t  

o f  th e  head to  th e  t i p  o f  th e  cercopods b u t e x c lu s iv e  o f  th e  te rm in a l

8
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s e t a e .  N om enclature u sed  i s  a f t e r  D ex ter (1959).

L ive an im als to  i n i t i a t e  s to c k  c u l tu r e s  o r  f o r  o th e r  la b o ra to ry  

u se  were t r a n s p o r te d  from th e  f i e l d  in  g a l lo n  j a r s  c o n ta in in g  h a b i t a t  

w a te r .  U su a lly  25 to  50 a d u l ts  o r  up to  a p p ro x im a te ly  100 im m atures were 

p la c e d  in  each j a r .  They were d iv id e d  in to  groups o f  25 o r  few er i n d i 

v id u a ls  a f t e r  r e tu rn in g  to  th e  la b o ra to r y .  D uring th e  warm months an a i r  

c o n d itio n e d  v e h ic le  f a c i l i t a t e d  th e  t r a n s p o r ta t io n  o f  la rg e  numbers of. 

in d iv id u a ls  over r e l a t i v e l y  lo n g  d is ta n c e s .

C u ltu re  Techniques 

Techniques u sed  f o r  th e  c u l tu r in g  o f  f a i r y  shrim ps w ere m o d ified  

a f t e r  Moore (1957 ). G allon j a r s  were u se d  as c u l tu r e  v e s s e l s .  ■ C u ltu re s  

u s u a l ly  c o n s is te d  o f  l5  to  25 a d u l ts  in  each j a r  o f  ab o u t 1 .5  l i t e r s  o f  

a e r a te d  w a te r . A c u l tu r e  medium p re p a re d  from s o i l  e x t r a c t  and  d i s t i l l e d  

w a te r  was g e n e ra l ly  u sed  s in c e  th e  n a tu r a l  h a b i t a t  w a te rs  were o f te n  v e ry  

t u r b i d .  The e x t r a c t  was p re p a re d  by m ixing a h an d fu l o f  garden  s o i l  w ith  

one l i t e r  o f  d i s t i l l e d  w a te r .  A f te r  s e v e ra l  days th e  l i q u id  was d eca n ted , 

f i l t e r e d ,  and s t e r i l i z e d .  The e x t r a c t  was r e f r i g e r a t e d  u n t i l  needed a t  

w hich tim e ab o u t one p a r t  e x t r a c t  was added to  each 100 p a r t s  o f  a e ra te d  

d i s t i l l e d  w a te r . A few drops o f  th ic k  y e a s t  su sp e n sio n  was added d a i ly  

to  each c u l tu r e .  W ith th e  e x c e p tio n  o f  th e  s in g le  co ld  w a te r  sp e c ie s  

w hich was c u l tu r e d  a t  10-15° C, a l l  s to c k  c u l tu r e s  were k e p t i n  an  a i r  

c o n d itio n e d  room a t  te m p era tu re s  o f  20-22° C.

P h y s ic a l- Chem ical M easurements 

S u rfa c e  w a te r  te m p e ra tu re s  w ere m easured xri.th e i t h e r  a  th e rm is to r  

o r  a s ta n d a rd  la b o ra to r y  therm om eter w hich was shaded  d u rin g  m easurem ents.
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H ydrogen-ion c o n c e n tra tio n s  were m easured w ith  th e  a id  o f  a  Beckman Model 

N pH m e te r , and an I n d u s t r i a l  In s tru m en ts  Model RC-7 c o n d u c t iv i ty  b r id g e  

was u sed  to  determ ine r e s i s t a n c e .  R e s is ta n c e s  were co n v erted  to  r e c ip 

ro c a l  megohms and ex p re ssed  as micromhos p e r  cm a t  18° C.

d is s o lv e d  oxygen was determ ined  e le c t r o r a e t r ic a l ly  w ith  a 

p la t in u m - s i lv e r  ox ide  e le c tro d e  m o d ified  a f t e r  K anw isher (1959) and by 

th e  unm odified  W inkler m ethod. Chemical a n a ly se s  o f  d is s o lv e d  oxygen 

and a l k a l i n i t y  were acco rd in g  to  S tan d a rd  Methods (1 9 5 5 ). The p ro 

p o r t io n s  o f  th e  t o t a l  a l k a l i n i t y  a t t r i b u t e d  to  h y d ro x id es , norm al 

c a rb o n a te s  and b ic a rb o n a te s  were de term ined  and a l l  a l k a l i n i t i e s  were 

r e p o r te d  as e i t h e r  ca rb o n a te  o r  b ic a rb o n a te  a l k a l i n i t y  in  ppm o f  CaCCy.

R e la tiv e  c o n c e n tra tio n s  o f  ca lc iu m , sodium , and po tass iu m  were 

m easured w ith  a P erk in -E lm er Model li|.6 Flame P ho tom eter. ' W ater sam ples 

f o r  th e  measurement o f  c a t io n s  were k e p t r e f r i g e r a t e d  in  bo th  th e  f i e l d  

and th e  la b o ra to ry  u n t i l  a n a ly se s  co u ld  be made.



RESULTS

The p h y s ic a l-c h e m ic a l c h a r a c te r i s t i c s  o f h a b i ta t s  and o b se rv a tio n s  

o f  th e  l i f e  h i s to r i e s  o f  f iv e  sp e c ie s  o f  f a i r y  shrim ps a re  p re se n te d .

F ie ld  o b se rv a tio n s  were s t a r t e d  d u ring  Septem ber 1959 and were con tin u ed  

u n t i l  Jan u ary  1962. A nalyses o f  a l k a l i n i t y ,  ca lc ium , sodium, and po tassium  

were n o t made u n t i l  th e  sp r in g  o f  1961. The d e c is io n  to  in c lu d e  th e se  

m easurem ents, e s p e c ia l ly  th e  c a t io n  d e te rm in a tio n s , was made a f t e r  p re lim 

in a ry  a tte m p ts  to  c u l tu r e  specim ens in  th e  la b o ra to ry  re v e a le d  th a t  th e  

r e l a t i v e  c o n c e n tra tio n s  o f  th e  c a t io n s  m ight in f lu e n c e  s u r v iv a l .  F or 

exam ple, I  found th a t  S . s e a l i  would su rv iv e  more th a n  a week in  a  s a l in e  

s o lu t io n  micromhos a t  18° C) b u t th e y  r a r e ly  l i v e d  more th an  two o r

th re e  days in  ta p  w a te r . I t  was n o ted  th a t  th e re  was r e l a t i v e l y  le s s  

p o tass iu m  to  sodium and calcium  i n  th e  ta p  w a te r  th an  i n  th e  s a l in e  

s o lu t io n .  When th e  po tassium  le v e l  o f  th e  tap  w a te r  was a d ju s te d  to  

a p p ro x im ate ly  t h a t  o f  th e  s a l in e  s o lu t io n  s u rv iv a l  was p ro lo n g ed . The 

r e l a t i v e  r a t i o s  o f  th e se  c a t io n s  in  th e  th re e  media a r e  shovm below . Ten 

in d iv id u a ls  were p la c e d  in  ap p ro x im ate ly  one l i t e r  o f  each medium. A f te r  

th r e e  days a l l  in d iv id u a ls  in  th e  ta p  w a te r  had d ie d . E ig h t an im als in  

th e  s a l i n e  s o lu t io n  and th re e  in  th e  m od ified  ta p  w a te r  were s t i l l  a l iv e  

a f t e r  one week.
S a lin e  Tap HOH M odified  Tap HOH

Ca;Na l ; 2 l  1 :32  1:32
K:Na 1 :20  l : l l 5  1 :17
Ca:K 1 :1  1 :0 .3  1 :1 .8

11
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I f .  s p e c ie s  d i f f e r  in  t h e i r  to le ra n c e  to  th e  r e l a t i v e  c o n c e n tra tio n  o f  

v a r io u s  io n s  such m easurem ents may prove v a lu a b le  in  d e te rm in in g  th e  

d i s t r i b u t io n  o f  sp e c ie s  in  c e r t a in  re g io n s ,

S tre p to c e p h a lu s  s e a l i  Ryder 

P h ysica l-C hem ical C ond itions 

S tre p to c e p h a lu s  s e a l i  was c o l le c te d  d u rin g  a l l  seasons o f th e  

y e a r  a t  tem p era tu res  which ranged from 1 .0 °  to  C. D isso lved  oxygen 

c o n c e n tra t io n s  in  sm a ll tem porary  poo ls  in h a b ite d  by 3_. s e a l i  v a r ie d  

from ab o u t to  130^ s a tu r a t io n  ( ïk b le s  1 and 1 2 ) . Hydrogen-ion 

c o n c e n tra t io n s  ranged from 3 .8  to  8 .7 ,  b u t  v a r ia t io n s  w ith in  th e  i n 

d iv id u a l  h a b i ta t s  were n o t so g r e a t .  In  g e n e ra l ,  h a b i t a t  w aters  tended  

to  be  s l i g h t l y  a lk a l in e .  With few e x c e p tio n s , a l k a l i n i t y  was due 

e n t i r e l y  to  b ic a rb o n a te s  and ranged  from 22 to  211 ppm. S p e c if ic  

conductance ranged from k 3 to  U?1 micromhos.

Calcium  was u s u a l ly  more c o n c e n tra te d  th a n  e i t h e r  sodium or 

p o ta ss iu m  and ranged from th r e e  to  3? Ppm. Sodium and potassium , ranged 

from one to  20 ppm and two to  11 ppm r e s p e c t iv e ly .  Sodium was more 

c o n c e n tra te d  th an  p o tassium  w ith  abou t th e  same freq u en cy  as th e  co n v erse . 

W ith r e s p e c t  to  th e  r e l a t i v e  c o n c e n tra tio n s  o f  th e s e  c a t io n s ,  S . s e a l i  

h a b i ta t s  w ere c h a ra c te r iz e d  by  th e  r e la t io n s h ip  Ca> Na+*K.

G eneral O bserva tions 

This sp e c ie s  was m ost commonly found in  ro a d s id e  d itc h e s  and 

sm all sh a llo w  ponds v i r t u a l l y  devoid  o f  a q u a tic  v e g e ta t io n .  Except f o r  

two d i t c h  h a b i ta t s  in  Kansas (T able 1 2 ) , t h i s  s p e c ie s  was n o t found 

a s s o c ia te d  w ith  o th e r  a n o s tra c a n s . In  th e  above two d itc h e s  S . s e a l i  was



Table 1 .—P hysica l-chem ica l co nd itions in  S trep tocephalus s e a l i  h a b i ta t s .

H a b ita t  and  
L o c a l i ty  d a ta

D ate HOH
Temp

°C

P er C ent
S a tu ra t io n
Oxygen

pH HCO-
Aik
ppm

Ca
ppm

Na
ppm

K
ppm

Conductance 
Micromhos 

.. 18° C

10-31-59 12 82 6 .7 11̂ 9
1- 30-60 12 130 7 .7 112
il— 2—60 16 ■ 87 7 .2 23U:
li-  li-60 25 95 7.8 1*20
6-  2-60 33 90 7.7 1*33
2- 11-61 ■ 8 98 8 .2 118 20 5 . 2 ■118

D itch 1+- 7-61 15 87 7 .8 llL 20 8 3 192
Comanche C o ., 5 -25-61 30 105 d .h 138 30 5 3 1*12 -
O kla. 0 .2m i e a s t 6 -  2-61 29 55 8 .2 120 12 2 2 ■ 337 .
o f  J e t  ii9-62 6- 10-61 3h 70 . 8 .2 110 18 5 U 368 r

6-15-61 2h 7it 7 .5 80 6 1 • 2 172
7- 26-61 33 102 7.7 132 28 1 h 1*33
9-IU -61 20 69 8 .3 l l l l 22 5 6 200

10- 17-61 21. 77 8 .2 17U U5 7 8 31*3
IO -2U-6I 18. 85 8 .1 175 U5 7 7 . 322
11- 7-61 10 63 • 7 .2 100 30 h 9 200..

10-17-59 18 75 7 .6 273
D itch 9 - l i i - 6 l 17 63 8.0, U5 25 • 13 7 220
Comanche Co. 10- 17-61 17 . 51 8 .1 16k U7 19 8 377
E lg in , O kla. 10-2U-61 16 Uli 8 . 6x- 180 57 20 8- 369 .

11-  7-61 9 77 7.7 102 32 13 6 183

K j J



Table 1 . —Continued. P hysical-chem ical co n d itio n s  in  S trep to ce p h a lu s . s e a l i  h a b i ta t s .

H a b ita t  and Sj&te HOH P er Cent pH HCOq Ca Na K Conductance
L o c a l i ty  d a ta Temp S a tu ra t io n Alk^ ppm ppm ppm Micromhos

°C Oxygen ppm 18° C

Pond U-23-60 27 79 9 .8 2l;U
Comanche Co. 9-29-61 26 99 6 .1 172
2.7m l w est o f 6- 10-61 3lj 87 7 .6 90 12 3 2 216
J e t  U9-62, so u th  . 6- 26-61 26 90 6 .9 70 1| 2 2 166
s id e  o f  ro ad 10- 17-61 20 73 7.1; 76 19 k 8 168

Pond
Comanche Co. 6- 10-61 32 19 7 .6 1;2 6 2 9 190
2.7m i w est o f  J e t 6-19-61 2h 9 6 .8 60 3 2 li 131;
1:9-62, n o r th  s id e

Pond Im i n o r th 10- 29-60 19 99 6 .9 3 9 9 91
3.9m i w est 11- 29-61 111 87 6 .9 22 h 1; 11 U3
C ald w ell, Kans. 1 2 -2 k -6 l 9 8ii 6 .7 29 3 2 1C 101

D itch 11-29-61 8 69 7 .9 113 2li h 8 11:9
1 .9m l so u th I 2- 2U-6I 3 86 8 .0 99 28 19 8 303
S ou th  Haven, Kans.

Pond 11-29-61 9 119 8 . 7-'>“"' 211 . ItO 7 7 367
1.6m i so u th 12-2^-61 1 81 Q i99 36 16 6 U71
S ou th  Haven, Kans,

*  20 ppm CO3
** ^6 ppm CO3 
iHW li8 ppm CO3
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p re s e n t  o n ly  d u rin g  th e  sp r in g  to  e a r ly  f a l l  w h ile  Eubranchipus s e r r a tu s  

was p re s e n t  d u rin g  th e  c o ld e r  p e r io d s .

No in te n s iv e  s tu d y  o f  p o p u la tio n  dynamics was u n d erta k en  b u t 

samples from young broods u s u a l ly  c o n s is te d  o f  n e a r ly  equ a l numbers o f  

males and fem a les . Females o f te n  outnum bered m ales in  sam ples from o ld  

broods b u t  th e  converse  was o c c a s io n a lly  t r u e .  Males tended  to  be 

s l i g h t l y  l a r g e r  than  fem a les . A dults  o f te n  reached  le n g th s  o f  25 to  30 mm. 

ilie  l a r g e s t  in d iv id u a ls  c o lle c te d , m easured 36 mm. C ond itions being  

fa v o ra b le ,  i t  was n o t uncommon f o r  broods to  su rv iv e  th re e  months o r  more.

D evelopm ental H is to ry  

This sp e c ie s  escapes th e  egg as a  n au p liu s  w hich averages 

ap p ro x im ate ly  O.3  mm in  le n g th . At 20° G ecd y sis  o ccu rred  abou t once 

everjr 2lt h o u rs . Four days a f t e r  h a tch in g  th e  le n g th  o f  35 in d iv id u a ls  

averaged  2.1; mm (F ig u re  1 ) .  The compound eyes and a l l  e lev en  p a i r s  o f  

tru n k  appendages were p r e s e n t .  The f i r s t  fo u r  to  s ix  p a i r s  o f  le g s  had 

developed th e  s t r u c tu r e  c h a r a c te r i s t i c  o f  th e  a d u l t .  The rem ain ing  f iv e  

to  seven  p a i r s  o f  le g s  were in  v a rio u s  s ta g e s  o f  developm ent. Length 

averaged  6 .2  mm on th e  e ig h th  day and th e  second an tennae  and g e n i ta l  

appendages were s u f f i c i e n t l y  d i f f e r e n t i a t e d  to  determ ine s e x . On th e  

tw e l f th  day le n g th  averaged  1 0 .3  mm and th e  f i r s t  ev idence o f  i n i t i a l  

egg p ro d u c tio n  was observed . The p a ire d  o v id u c ts  o f  some fem ales , 10.5 

to  11 mm in  le n g th ,  c o n ta in ed  a few ova. A lthough th e  re p ro d u c tiv e  

organs o f  11 to  12 mm m ales were p ro b ab ly  f u n c t io n a l ,  th e  appearance 

o f  t h e i r  second an tennae and cercopods was n o t y e t  a d u l t - l i k e .

Length in c re a se d  from n e a r ly  0 ,5  to  1 .0  mm p e r  day during  th e  

f i r s t  12 days o f  th e  l i f e  sp an . D uring th e  p e r io d  o f  s e x u a l m a tu ra tio n
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F ig u re  1 ,  Growth o f  S tre p to c e p h a lu s  s e a l i  c u l tu re d  a t  20° C.
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grow th was r e ta rd e d  b u t  l a t e r  in c re a s e d  to  0 .5  to  1 .0  iran p e r  day  f o r  • 

ap p ro x im a te ly  one week and th e n  began to  l e v e l - o f f  as an  av erag e  le n g th  

o f  ab o u t l 5 mm was a t t a in e d .

Egg P ro d u c tio n

Egg p ro d u c tio n  u s u a l ly  commenced a f t e r  fem ales reac h ed  a le n g th  

o f ab o u t 11 to  12 mm and c o n tin u e d  th ro u g h o u t most o f th e  a d u l t  l i f e  

(T able 2 ) .  The d u ra tio n  o f  p ro d u c tiv e  p e r io d s  l i s t e d  ex tended  from th e  

o n s e t o f  egg p ro d u c tio n  to  th e  d e a th  o f  th e  fem ale . C lu tch es  w ere de

p o s i te d  a t  i n t e r v a l s  o f  one to  th r e e  d ay s , and each c lu tc h  was f e r t i l i z e d  

d u rin g  a  s e p a ra te  c o p u la t io n .  I n i t i a l  c lu tc h e s  u s u a l ly  c o n s is te d  o f  few er 

th an  25 eg g s. In  s e v e ra l  case s  th e  f i r s t  one o r  two c lu tc h e s  w ere r e 

ab so rb ed  a f t e r  e n te r in g  th e  egg s a c .  IVhen th i s  happened th e  f i r s t  c lu tc h  

to  be d e p o s ite d  c o n s is te d  o f  more th an  50 eg g s. Egg p ro d u c tio n  co n tin u ed  

in  th e  absence o f  m ales b u t  th e se  u n f e r t i l i z e d  eggs r e ta in e d  a w h it is h  

c o lo r  and smooth te x tu r e  and were u s u a l ly  reab so rb ed  w h ile  in  th e  egg s a c .  

A p p a ren tly  s h e l l  m a te r ia l  was n o t .s e c re te d  by  th e  s h e l l  g lands in  th e se  

i n s t a n c e s . The appearance  o f  d a rk  eggs i n  th e  egg sac  and t h e i r  e v e n tu a l 

d e p o s it io n  were u sed  as c r i t e r i a  to  e s t a b l i s h  th e  o ccu rren ce  o f  c o p u la tio n  

and th e  su b seq u en t f e r t i l i z a t i o n  of. a l l  o r  a t  l e a s t  a  p a r t  o f  th e  c lu tc h .

Fem ale SS-11 e x h ib i te d  th e  s h o r t e s t  p ro d u c tiv e  p e r io d  and th e  

lo w e s t p ro d u c tio n , d e p o s it in g  133 eggs in  th r e e  c lu tc h e s  d u rin g  11 days. 

The m ost eggs d e p o s ite d  by  a  s in g le  fem ale was 1791 by  S S -2 . This t o t a l  

was d e p o s ite d  in  13 c lu tc h e s  over 36 d a y s . The maximum number o f  eggs 

d e p o s ite d  in  a  s in g le  c lu tc h  was 306, F ie ld - c o l l e c te d  fem ales o f te n  

d e p o s ite d  l a r g e r  c l u tc h e s . One fem ale 32 ram i n  le n g th  d e p o s ite d  718
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Table 2 . —Kgg p ro d u c tio n  by e lev en  n o te d  S t r e p  toc  ephalus s e a l i ' 
fem ales c u l tu re d  a t  20° to  22° C.

C u ltu re
Number

Number
C lu tches
D eposited

Number o f 
E g g s /c lu tc h  
M in. —Max.

T o ta l
Eggs
D eposited

D uration  
P ro d u c tiv e  
P e r io d , Days

SS-1 u 6 lli7 2li7 21
SS-2 13 17 306 1791 36
SS-3 10 69 282 1330 Ul
ss-U 5 36 137 39U ■ 19
S3-3 111 73 183 1718 Uo
SS-6 7 1 83 266 17
ss-7 3 20 70 lll2 , 20
55-8 6 10 Ik 233
SS-9 6 11 . 83 236 2h
55-10 3 39 iiL 1|.16 29
58-11 3 13 3U 133 11
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eggs in  a s in g le  c lu tc h .  O ther fem ales, 2^ to  27 mm in  le n g th , were 

observed  to  produce c lu tc h e s  c o n ta in in g  It00 to  eggs.

H atching o f  Eggs 

Numerous egg c u l tu re s  were p rep ared  and observed  in  th e  

la b o ra to ry  to  determ ine how soon a f t e r  d e p o s it io n  h a tc h in g  would occur 

and th e  e f f e c t  o f te m p era tu re , dr^rLng, and d i lu t io n  o f  the. e x te rn a l  

medium. Eggs were removed from th e  p a re n t c u l tu r e  w ith in  one day o f 

d e p o s it io n  and s u b je c te d  to  v a r io u s  tre a tm e n ts .

Numerous sam ples o f  eggs wore p laced  in  sm all v e s s e ls  c o n ta in in g  

abou t 75 iTil o f w a te r  from th e  p a re n t c u l tu re s  and kep t a t  20° to  22° C, 

L a te r  th e  eggs were d r ie d  a t  room tem p era tu re  f o r  th r e e  to  16 days and 

then  immersed in  a e ra te d  d i s t i l l e d  w a te r  f o r  one week. A t o t a l  o f  16% . 

o f  th e  eggs ha tched  d u rin g  the tim e th e se  c u l tu re s  were con tinued  

(Table 3)« T o ta l h a tch  in  in d iv id u a l  sam ples ranged from 2 to  60%. 

H atching p r io r  to  dr;;/i.ng was observed in  15 o f th e  25 sam ples and 

c o n s t i tu te d  ap p rox im ate ly  61;  ̂ o f  th e  t o t a l  h a tc h . H atching o f  th e se  

u n d rie d  eggs o ccu rred  fo u r  to  11 days a f t e r  d e p o s it io n .  In  some c a se s , 

as few as th re e  days d ry in g  a t  room' tem .porature was s u f f i c i e n t  to  

s t im u la te  some eggs to  h a tc h . D ried eggs c o n s is te n t ly  began h a tch in g  

12 to  18 hours a f t e r  im m ersion in  a e ra te d  d i s t i l l e d  w a te r .

Tem peratures as low as 10° and as h ig h  as 32° G were found to  be 

u n fa v o ra b le  f o r  h a tc h in g . F o r exam ple, one c lu tc h  was d iv id ed  in to  th re e  

sam ples o f  100 eggs each which were immersed in  sm all v e s s e ls  of w a te r 

from th e  p a re n t c u l tu r e .  One sample was k ep t a t  20° as a c o n tro l ,  and one 

sample was p la ced  a t  10° and th e  o th e r  a t  32°. A d d itio n a l c u l tu r e  medium
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Table 3 .—H atching  of S tre p  bocephalus s e a l i  eggs a t  20° to  22° C.

Sample
Humber

Number 
Eggs in  
Sample

Days VJet
B efore
Orying

P er C ent 
Hatched 
B efore 
•Drying

la y s
D ried

P er Cent 
H atched 
A f te r  
Drying

T o ta l 
P er Cent 
Sample 
H atched

IS 2S 33 3 Uo kk
23 12S S 0 7 2 2
27 298 9 1 6 7 8
28 13S 17 . 11 18 1 12
32 S3 U3 36 12 0 38
33 20 22 S 7 0 S
39 36 S 0 7 ■ 3 3
Ul 70 30 0 12 26 26
iiU Ul 13 S 12 22 27
US iS i 28 60 9 0 60
U6 79 36 9 16 38 U7
SS 18 30 S 6 0 S
S6 llS 29 0 16 2 2
S8 30 27 0 16 3 , 3 •
S9 6S 37 6 16 3 9
6U 70 37 0 16 3 3
6S 131 36 2U 16 7 31
66 172 3S 16 0 Hi
7S So 19 0 7 2 2
76 So 19 0 7 16 16
83 109 l 6  • ■ lU S 0 Hi
8S liS 9 22 ■3 0 22
89 S2 . 12 0 10 27 27
98 Uo IS 0 7 2 2
99 Uo 9 20 9 2 22



21

was added as needed to  p re v e n t d ry in g  o f  th e  eggs. . A f te r  I|.0 days 31^

o f  th e  c o n t ro l  sam ple had h a tch ed  b u t  th e re  was no h a tc h  in  e i t h e r  t e s t

sam ple. The t e s t  sam ples were th en  moved to  th e  c o n tro l  tem p era tu re  

and  a l l  sam ples were c o n tin u e d  fo r  a n o th e r  2h d a y s . B aring  t h i s  tim e 

2h% o f  th e  10° sam ple, 23^ o f  th e  32° sam ple, and a n o th e r  20% o f  the  

c o n t ro l  sample h a tc h e d .

H atching  was o f te n  induced  by d i l u t io n  o f  th e  e x te rn a l  medium

and by  d ry in g . However, h a tc h in g  was in h ib i t e d  i f  th e  eggs were su b je c te d

to  such tre a tm e n t w ith in  one day o f  d e p o s i t io n .  F o r exam ple, c lu tc h e s  

from two fem ales w ere combined and d iv id e d  in to  f iv e  sam ples o f  100 e g g s . 

The c o n t ro l  sample was immersed in  75 ml o f  w a te r  from th e  p a re n t c u l tu r e .  

Mien th e  w a te r  l e v e l  was reduced  to  ab o u t h a l f  i t s  o r ig i n a l  s t a t e  a e ra te d  

d i s t i l l e d  w a te r  was added . The fo u r t e s t  sam ples were p la c e d  in  empty 

v e s s e ls  and were d r ie d  f o r  p e r io d s  o f  e i t h e r  It, 7 , iL , o r  28 days and 

th en  immersed in  75 ml o f  a e r a te d  d i s t i l l e d  w a te r .  A ll  sam ples were k e p t 

a t  room te m p e ra tu re . A f te r  1+8 days- 75^ o f  th e  c o n tro ls  had h a tch ed , 

hone o f  th e  eggs d r ie d  fo u r  days h a tc h e d , 3% o f th e  sam ples d r ie d  7 and 

li ;  dajis h a tch ed , and 2% o f  th e  sam ple d r ie d  28 days h a tc h e d .

S tre p to c e p h a lu s  tex an u s  P ackard  

P h y sica l-C h em ica l C o n d itio n s  

This s p e c ie s  was p r e s e n t  a t  w a te r  te m p era tu re s  o f  13° to  37° C, 

D isso lv ed  oxygen c o n c e n tra tio n s  w ere u s u a l l y  n e a r  s a tu r a t io n  le v e ls  a t  

th e  tim e o f  m easurem ents. H ydrogen-ion c o n c e n tra t io n s  v a r ie d  from h-7  

to  9 .5 . H a b ita ts  in  w hich S . texanus was th e  o n ly  a n o s tra c a n  p re s e n t  o r  

in  w hich B. l i n d a h l i  a l s o  o ccu rred  w ere t y p i c a l l y  a lk a l in e  (T ab les k  and
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1 2 ) , b u t p o o ls  in h a b i te d  by mixed p o p u la tio n s  o f  S . texanus and 

Thamnocephalus p la ty u ru s  were u s u a l ly  a c id  (Table, ? ) .

T o ta l a l k a l i n i t y  was u s u a l ly  due to  th e  p re sen ce  o f  b ic a rb o n a te s .  

B ic a rb o n a te  a l k a l i n i t y  in  p o o ls  in h a b i te d  by  S . texanus ranged  from 10 to  

270 ppm. S p e c if ic  conductance ranged  from 26 to  m icromhos. V a r ia t io n  

in  th e  c o n c e n tra tio n s  o f  ca lc iu m , sodium , and po tass iu m  from one h a b i t a t  

to  a n o th e r  was a ls o  g r e a t .  O v e ra ll ,  ca lc ium  ranged  from two to  57 ppm and 

was u s u a l ly  more c o n c e n tra te d  th an  e i t h e r  sodium o r  p o ta ss iu m . Sodium 

ranged  from one to  33 ppm and po tass iu m  ranged from one to  16 ppm. The 

r e la t io n s h ip  C a> N a+ K  appeared  to  be ty p ic a l  o f  m ost 3 .  texanus h a b i t a t s .

G eneral O bservations 

This sp e c ie s  was c o l le c te d  from ro a d s id e  d i tc h e s ,  sm a ll sh a llo w  

ponds, and f lo o d e d  c u l t iv a t e d  f i e l d s .  I t  was p r e s e n t  o n ly  from A p r il  to  

November. ' Thamnoc ephalus p la ty u ru s  was a s s o c ia te d  w ith  S . texanus in  

s e v e r a l  ro a d s id e  d itc h e s  .in .so u th w e s te rn  Oklahoma, and mixed p o p u la tio n s  

o f  S . texanus and B ranch inect a  l i n d a h l i  were o b served  i n  two Kansas d i tc h  

h a b i t a t s .  A lthough i t  was n ev er ob serv ed  c o n c u rre n tly  w ith  th e  l a t t e r  

two s p e c ie s ,  E ubranchipus s e r r a tu s  ap p ea red  in  th e se  same two d itc h e s  

du rin g  th e  w in te r  and e a r ly  sp r in g  (T able 1 2 ).

More th a n  one b rood  o f S . texanus f r e q u e n t ly  ap peared  in  a  g iven  

h a b i t a t  d u rin g  th e  same se a so n . Samples from young broods c o n s is te d  o f 

n e a r ly  eq u a l numbers o f  m ales and fe m a le s , b u t fem ales ap p ea red  to  o u t

number m ales d u ring  th e  f i n a l  s ta g e s  o f  a  b ro o d ’s l i f e  sp an . Under 

fa v o ra b le  c o n d itio n s  broods o f  t h i s  s p e c ie s  su rv iv e d  a t  l e a s t  two m onths. 

M ature in d iv id u a ls  f r e q u e n t ly  a t t a in e d  le n g th s  o f  15 to  18 mm w ith  a 

maximum le n g th  o f  25 mm b e in g  o b se rv ed .



Table U .—P hysical-chem ica l co n d itio n s  in  S t rep tocephalus texanus h a b ita ts

H a b ita t  and 33a te HOH P er Cent pll HCOo Ca Ma K Conductance
L o c a l i ty  d a ta Temp S a tu ra t io n Alk^ ppm ppm ppm Micromhos

' °C Oxygen ppm 18° C

6- 10-61 80 8 .k 95 18 3 3 300 •
6- 13-61 25 U6 6 .7 92 18 2 1 229
6- I L - 6I 21 hk 7 .3 90 12 2 1 188
6-17-61 21 77 6.7 loU 16 ; 2 2 20L
6- 23-61 23 50 7 .2 132 16 2 2 306

D itch 7- 15-61 2U 57 7 .9 52 10 2 5 80
McClain Co. , 7- 27-61 31 83 9 . 3* 87 25 2 5 . 256
O kla. 0 .2m i e a s t 8 -IU -6I 30 16 6 .8 32 12 1 9 153
J e t  9-7h 8-16-61 27 3h 6 .0 71 20 1 9 203

8- 17-61 33 38 9 .0** 69 22 2 8 262
9-  6-61 37 130 9 .5 ' hS 20 3 8 100
9- 13-61 22 5U 7 .8 6h 12 1 5 111
9- 16-61 19 . 63 8 .it 79 16 2 6 171
9- 19-61 36 128 7 .3 22 1 6
9-21-61 22 65 8 .1 87 20 1 7 200

10- 12-61 28 16 7 .9 lItU iiO 1 12 358

D itch  C leveland  Co.
l . l m i  w est 6 - l l |- 6 l 29 57 7 .7 UiO 30 8 h 517
J e t  7U-Main S t . 7- 19-61 37 119 8 . 6 ' : 158 20 2 8 U6l
H om an, O kla.

ro

*  16 ppm CO3 
** 10 ppm CO3

' 22 ppmCÜ3
' '  G ppm CO3



Table U .—Continued. P hysica l-chem ica l co n d itio n s  in  S trep tocephalus texanus h a b i ta t s .

H a b ita t  and 
l o c a l i t y  d a ta

D ate HOH
Temp

°C

P er C ent
S a tu ra t io n
Oxygen

.pH HCO3
Aik
ppm

Ca
ppm

Ha
ppm

K
ppm

Conductance
Micromlios

18°  c
D itch
Comanche C o ., O kla. 10-17-59 18 90 7 .5
J e t  62-U9 6-10-61 % 33 7.8 110 15 3 U ,3 8 7

Pond 10-17-59 19 130 7 .5 3U:
Comanche C o ., O kla. 5 -25-61 25 55 6 .5 173 39 17 9 Loi
Im i so u th  o f 6- 10-61 32 85 6 .2 I 3U 27 10 9 555 :
J e t  277-261 6-15-61 25 68 7 .2 lIlO 18 3 5 323

10-17-61 17 57 7 .8 270 57 33 12 L08

Pond
Comanche Co. 6-26-61 31 56 6 .]j. 70 7 1 3 229
5.iim i w est
Cache, O kla.

Marsh I4.— 1 —61 21 110 8 .2 26 U h 7 59
.5mi n o r th 5 -13-61 23 90 5 .6 18 6 k 10 233

D rury , Kans. 6- 18-61 29 lOli 7 .2 3h a 2 10 ILL
D itch  Im i n o rth
C ald w ell, Kans. 6- 16-61 27 92 7 .1 72 5 2 h 190
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D evelopm ental H is to iy

S tre p to c e p h a lu s  texanus h a tch ed  as a n a u p l iu s .  D uring th e  

e a r ly  s ta g e s  o f  developm ent I  was u n ab le  to  d is t in g u is h  between th e  

young o f  S , texanus and those  o f  S . s e a l i .

A pprox im ately  12 hours a f t e r  h a tc h in g  30 n a u p l i i  averaged  

0 .39  mm in  le n g th  (F ig u re  2 ) ;  by th e  s ix th  d ay , in d iv id u a ls  av eraged  

1|.0 mm in  le n g th ,  and a l l  tru n k  and abdom inal segm ents had d i f f e r e n t i a t e d  

and th e  second  an tennae  were s t a r t i n g  to  change. Length av erag ed  3 .6  mm 

th e  n e x t day and th e  appearance  o f  th e  second an ten n ae  was s u f f i c i e n t l y  

m o d ified  so t h a t  sex  co u ld  be a s c e r ta in e d .  Ten ds-ys a f t e r  h a tc h in g  th e  

le n g th  av eraged  9 .U mm and eggs were o b served  in  a  few fem ales 9 to  10 mm 

in  le n g th .  A l l  fem ales w ere g ra v id  b y  th e  tw e lf th  day.

Length in c re a s e d  ab o u t 0 .3  to  1 .0  mm p e r  day  d u rin g  th e  f i r s t  

fo u r  days o f  th e  l i f e  span  and up to  1 .6  mm p e r  day  d u rin g  th e  n e x t week. 

During se x u a l m a tu ra tio n  grow th was s l i g h t l y  r e ta rd e d  f o r  two day s. I t  

then  in c re a s e d  to  ab o u t 1 .0  mm p e r  day b u t  g r a d u a l ly  d e c re a se d  as i n 

d iv id u a ls  reach ed  le n g th s  o f  II4. to  16 mm.

So f a r  as co u ld  be  a s c e r ta in e d ,  e c d y s is  o ccu rred  once each day. 

On t h i s  b a s is  s e x u a l dimorphism was a p p a re n t by  th e  7 th  i n s t a r  and i n 

d iv id u a ls  were mature, and c o p u la te d  by  th e  11th  i n s t a r .

Egg P ro d u c tio n

The p ro d u c tio n  o f  eggs by  m ated S , texanus fem ales was ob serv ed  

in  th e  la b o ra to r y  (T able 3 )-  The f i r s t  f iv e  co up les  l i s t e d  w ere f i e l d -  

c o l le c te d  in d iv id u a ls  and th e  l a s t  f iv e  were re a re d  from  eggs in  th e  

la b o ra to r y .  The f i e l d - c o l l e c t e d  in d iv id u a ls  were a t  l e a s t  two weeks o ld
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when c o l le c te d .  These fem ales were g ra v id  a t  th e  tim e th e y  were 

i s o l a t e d  in  th e  la b o ra to ry  and i t  i s  p o s s ib le  t h a t  p ro d u c tio n  o f  one 

o r more c lu tc h e s  had o ccu rred  p r io r  to  i s o l a t i o n .

The maximum t o t a l  p ro d u c tio n  by a  f i e l d - c o l l e c te d  fem ale was 

1635 eg g s . This t o t a l  was d e p o s ite d  by  ST-2 in  seven c lu tc h e s  d u ring  

27 days. Maximum p ro d u c tio n  by  a la b o ra to ry - re a re d  fem ale (ST-9) was 

867 eggs d e p o s ite d  in  n in e  c lu tc h e s  du ring  l3  days. The s m a l le s t  

t o t a l  p roduced  v:as 133 eggs by ST-10.' These eggs were d e p o s ite d  in  

th re e  c lu tc h e s  d u ring  11 days.

In  a l l  cases c lu tc h e s  were d e p o s ite d  a t  in t e r v a ls  o f  one to  

two d a y s . A s e p a ra te  c o p u la tio n  was re q u ire d  to  f e r t i l i z e  each c lu tc h .  

O v e ra ll ,  c lu tc h  s iz e  v a r ie d  from 3 to  6^k  eggs p e r  c lu tc h .  The l a r g e s t  

c lu tc h e s  u s u a l ly  o ccu rred  tow ards th e  end o f  th e  p ro d u c tiv e  p e r io d .

The maximum c lu tc h  s iz e s  d e p o s ite d  in  th e  la b o ra to ry  appeared  to  

approxim ate c lu tc h  s iz e s  o f in d iv id u a ls  in  n a tu re .

H atching o f  Eggs 

H atching o f  eggs p r io r  to  d ry in g  was observed  in  7 o f  22 

sam ples k e p t a t  20° to  22° G, b u t i t  re p re s e n te d  o n ly  6% o f  th e  t o t a l  

h a tc h . In  a l l  cases h a tc h in g  o f th e se  u n d ried  eggs o ccu rred  fo u r to  

seven  days a f t e r  d e p o s it io n .  Drying f o r  one day a t  room tem p era tu re  

was s u f f i c i e n t  to  s t im u la te  th e  h a tch in g  o f  some eggs (Table 6 ) .  In  a l l ,  

26^ o f  th e  3186 eggs shown h atch ed  d u ring  th e  tim e th e  c u l tu r e s  were 

co n tin u e d . The t o t a l  h a tc h  in  in d iv id u a l  sam ples v a r ie d  from one to  91#.

Eggs d r ie d  o r  immersed in  a e ra te d  d i s t i l l e d  w ate r im m ediately  

a f t e r  d e p o s it io n  f a i l e d  to  h a tc h . H atching was n ev er observed  a t
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Table —Egg p ro d u c tio n  by te n  mated S tre p to c e p h a lu s  texanus fem ales
c u l tu r e d  a t  20° to  22° C.

C u ltu re
Number

Number '
C lu tches
d e p o s ite d

Number o f 
E g g s /c lu tc h  
Min. —Ha>:.

T o ta l
Eggs
D eposited

D uration  
P ro d u c tiv e  
P e r io d , Daj^

ST-1 8 28 163 887 22
ST-2 7 33 62U 1632 26
ST-3 3 2k U 8 291 16
ST-U 3 hh 288 b96 17
ST-2 h h 8 21:3 2U8 16
ST-6 2 3 226 UU8 17
ST-7 7 h 230 692 27
ST-8 2 67 202 2oL 16
ST-9 9 7 17U 867 12
ST-10 3 13 66 133 11
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te m p era tu re s  below  19° n o r  as h ig h  as 32° C. H atch ing  cou ld  sometimes 

be induced  by d i l u t in g  th e  c u l tu r e  medium a f t e r  th e  eggs had aged  fo r  

a t  l e a s t  one week.

Thamnoc ep halu s  p lab y u ru s  Packard  

P h y sica l-C h em ica l C ond itions  

P h y s ic a l-c h e m ic a l d a ta  o f  h a b i ta t s  o f  th i s  s p e c ie s  a re  p re s e n te d  

in  Table ?• W ater te m p era tu re s  a t  th e  tim e o f  o b se rv a tio n s  ranged  from 

17° to  36° C. l^rd rogen-ion  c o n c e n tra t io n s  ranged  from U.7 to  8 .2 .  

C arbonates were n ev er p r e s e n t  and b ic a rb o n a te  a l k a l i n i t y  ten d ed  to  be 

low , ran g in g  from 10 to  U2 ppm. D isso lv ed  oxygen c o n c e n tra t io n s  ranged  

from 37 to  120% s a tu r a t io n .  S p e c i f ic  conductance r e f l e c t e d  a low 

d is s o lv e d  s a l t  c o n te n t ,  ran g in g  from 26 to  126 micromhos.

In  a d d i t io n  to  low a l k a l i n i t i e s  and low conductances th e se  

h a b i ta t s  were c h a ra c te r iz e d  by r e l a t i v e l y  h igh  p o tass iu m  and low calcium  

and sodium v a lu e s .  P o tassium  was th e  dom inant c a t io n  and ranged  from I4. 

to  16 ppm. Calcium  and sodium n e v e r  exceeded I4. and 2 ppm, r e s p e c t iv e ly .  

W ith r e s p e c t  to  th e  r e l a t i v e  c o n c e n tra tio n s  o f  th e s e  th r e e  c a t io n s ,  

h a b i ta t s  o f  T. p la ty u ru s  were c h a r a c te r iz e d  by th e  r e la t io n s h ip  K> Ca> Na.

G eneral O b servations 

Thamnoc ephalu s p la ty u n is  was c o l le c te d  d u rin g  th e  summer and 

e a r ly  f a l l  from ro a d s id e  d itc h e s  and flo o d ed  c o t to n  f i e l d s  in  so u th w este rn  

Oklahoma. A ll  h a b i ta t s  were lo c a te d  in  T illm an County n e a r  M anitou and 

T ip to n . S tre p to c e p h a lu s  texanus was p r e s e n t  in  a l l  T. p la ty u .ru s  h a b i ta t s  

a lth o u g h  th e  co n v erse  was n o t t r u e .

Sandy s o i l  and  h ig h  e v a p o ra tio n  r a te s  g r e a t ly  l im i te d  th e  

d u ra tio n  o f  th e  in u n d a ted  p e r io d  o f  th e s e  h a b i t a t s .  A lthough e x te n s iv e
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Ih b le  6 . —H atching  o f S tre p to c e p h a lu s  texanus eggs a t  20° to  22° C.

Sample
Number

Number 
Eggs in  
Sample

Days Wet
B efore
Drying

P er Cent 
H atched 
B efore 
Drying

Days
D ried

P er Gent 
H atched 
A f te r  
Dryi.ng

T o ta l 
P er Cent 
Sample 
Hatched

1 97 13 0 7 12 12
2 116 13 0 1 22 22
6 6k 13 0 1 19 19
7 119 20 32 2 18 30
8 162 13 2 13 6 8
9 138 13 2 7 21 23

10 131 13 0 7 91 91
11 170 9 0 12 66 66
12 108 Hi 1 7 3 li
1$ 87 18 1 13 U6 li7
16 106 18 0 6 1 1
17 180 17 0 6 33 33
21 2k 3 17 1 6 2 3
33 33 10 ■ 0 13 •• 2 2
37 372 22 0 • 1 11 11
Ü.6 26 11 0 6 19 19
31 100 9 0 li 63 63
33 100 li 0 2 9 9
37 272 11 0 3 21 21
38 ■ 100 8 . k 2 23 29

100 lit 0 9 18 18
66 100 Hi 0 7 36 . 36
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d ip  n e t t in g  o f  h a b i ta ts  was c a r r ie d  o u t d u ring  v i s i t s ,  sam ples co n ta in ed  

too  few in d iv id u a ls  o f t h i s  sp e c ie s  to  determ ine v a r ia t io n  in  sex  r a t i o s .  

This i s  p ro b a b ly  th e  l a r g e s t  s p e c ie s  o f f a i r y  shrim p in  th e  c e n t r a l  p a r t  

o f  th e  U n ited  S ta t e s .  The l a r g e s t  male I  c o l le c te d  m easured kO mm in  

le n g th  and th e  l a r g e s t  fem ale 1;2 mm.

Developm ental H is to ry  

In d iv id u a ls  h a tch ed  in  th e  la b o ra to ry  r a r e ly  su rv iv e d  more 

than  th re e  days. Less than  one day a f t e r  h a tch in g  te n  immatures averaged  

0 .8  mm in  le n g th  and e x h ib ite d  up to  seven tru n k  segments and pigm ented 

compound ey es . Three days l a t e r  o n ly  th re e  in d iv id u a ls  averag ing  abou t 

3 .0  mm in  le n g th  were s t i l l  a l iv e .  The n e x t day, le n g th  averaged  7 .3  mm 

and se x u a l dimorphism was e v id e n t.  On th e  sev en th  day, le n g th  averaged  

1 2 .2  mm and th e  egg sacs o f  th e  two su rv iv in g  fem ales each c o n ta in ed  a 

few ova. One week l a t e r  one male and one fem ale were s t i l l  a l iv e  and 

averaged  app ro x im ate ly  20 mm.

Egg P ro d u c tio n

O bserva tions o f  egg p ro d u c tio n  by  th i s  s p e c ie s  in  th e  la b o ra to ry  

were v e ry  l im i te d .  Only two fem ales and one male were re a re d  to  ad u lth o o d  

in  th e  la b o ra to ry .  A lthough each o f  th e  two fem ales produced s e v e ra l  

c lu tc h e s  th e  eggs were u s u a l ly  reab so rb ed  a f t e r  e n te r in g  th e  egg s a c .

Both fem ales produced a t  l e a s t  two c lu tc h e s  b e fo re  one was f e r t i l i z e d .

The f i r s t  c lu tc h e s  to  be d e p o s ite d  c o n s is te d  o f  96 and 106 eggs. One 

fem ale d ie d  b e fo re  d e p o s it in g  a n o th e r  c lu tc h .  The second c lu tc h  d e p o s ite d  

by th e  rem ain ing  fem ale c o n ta in e d  133 eggs. F ie ld - c o l l e c te d  fem ales , kO 

to  ij.2 mm in  le n g th , were found to  d e p o s it  from 611 to  873 eggs in  a 

s in g le  c lu tc h .



Table 7«—P hysical-chem ical co n d itio n s  in  Ihamnocephalus plat;^airus h a b i ta ts .

H a b ita t  and S h te HOH P er C ent pH HGO3 Ca Na K Conductance
L o c a l i ty  d a ta Temp S a tu ra t io n Aik ppm ppm ppm Micromlios

°C Oxygen ppm 18° C

10-17-59 17 . 113 6 .8 26
10- 8-60 29 ; 120 U.7 67

B itc h  3.6m i w est 6-26-61 31 65 6 .7 16 2 1 8 U2
M anitou 7-26-61 3U 100 7 .3 Uo 2 2 15 8U

9-IU -61 22 • 105 8.2 18 u 1 6. 27
11-  7- 61* 13 100 7.7 lU u 1 6 29

D itch  l+.5mi w est 6-26-61 31 52 6.9 2U 2 1 13 U5
M anitou 7- 26-61 36 91 7 .5 Uo 2 1 • 16 115

9- IU -6I 22 107 7 .8 25 u ■ 1 13 126

D itch  8mi n o r th
2mi e a s t  T ip ton 6—26-61 32 76 8.2 Uo 3 2 15 . 107

F looded  f i e l d  limi
w es t M anitou 6-26-61 31 67 u .7 10 2 1 U 27

D itch  3*5mi w est
M anitou 6- 26-61 33 37 6.9 28 2 1 8 82

Flooded  f i e l d  3.6mi
w est M anitou 6- 26-61 31 67 6.8 26 3 1 lU U2

wro

-5i- Only S . texanus p r e s e n t
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H atching o f  Eggs 

Eggs from s e v e ra l  f i e l d - c o l l e c t e d  fem ales were d iv id e d  in to  

s m a lle r  sam ples and immersed in  v e s s e ls  o f  h a b i t a t  w a te r  f o r  two to  h 2 

daj/s and th en  d r ie d  a t  room te m p era tu re s  f o r  one to  seven  d ay s . A era ted  

d i s t i l l e d  w a te r  was th en  added to. each  sam ple.

H atching m ost commonly o c c u rre d  a f te r ,  sam ples were d r ie d  a t  

l e a s t  one day (T able 8 ) ,  b u t eggs in  fo u r  sam ples ha tched  f iv e  days a f t e r  

d e p o s i t io n .  Only 7% o f  th e  1379 eggs h a tch ed  p r i o r  to  d ry in g  compared 

to  23p h a tc h in g  a f t e r  d ry in g . The t o t a l  h a tch  in  in d i.v id u a l sam ples 

v a r ie d  from 3 to  Eggs d r ie d  th r e e  to  seven days began h a tc h in g

s ix  to  n in e  hours a f t e r  im m ersion in  a e r a te d  d i s t i l l e d  w a te r .  Samples 

t e s t e d  a t  10° and 32° C f a i l e d  to  h a tc h . Eggs d r ie d  o r p la c e d  in  

d i s t i l l e d  w a te r  im m ed ia te ly  a f t e r  d e p o s it io n  f a i l e d  to  h a tc h . D ilu t io n  

o f  th e  h a tc h in g  medium w ith  d i s t i l l e d  w a te r  o f te n  induced  h a tch in g  

p ro v id ed  th a t  th e  eggs had b een .ag ed  a t  l e a s t  f iv e  days.

B ran ch in ec t a  l i n d a h l i  P ack ard  ,

P h y sica l-C h em ica l C ond itions  

This sp e c ie s  was c o l le c te d  a t  w a te r  te m p era tu re s  wliich ranged  

from 13° to  36° C. VJhen m easured, d is s o lv e d  oxygen ranged from $1 to  

ap p ro x im a te ly  l30% s a tu r a t i o n .  H a b ita ts  were t y p i c a l l y  more a lk a l in e  

th a n  th o se  o f  th e  o th e r  fo u r  s p e c ie s .  The hy d ro g en -io n  c o n c e n tra tio n s  i n  

B, i i n d a l i l i  h a b i ta t s  ranged  from 6 ,0  to  9 .8  (T ables 9 and 12) b u t were 

u s u a l ly  above 8 .3 .  Because o f  th e  sm a ll volume o f  w a te r  p r e s e n t  i n  m ost 

rock  h o le  h a b i t a t s , a l k a l i n i t y  d e te rm in a tio n s  were o f te n  o m itte d . When 

m easured, c a rb o n a te  a l k a l i n i t y  ranged  from zero  to  l+O ppm w h ile  

b ic a rb o n a te  a l k a l i n i t y  ranged  from 10 to  1?8 ppm. S p e c i f ic  conductance
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Table 8 . —H atching  o f  Tliamnocephalus p la ty u ru s  eggs a t  20° to  22° C.

Sample
Kumber

Number 
Eggs in  
Sample

Days Wet
B efore
Dr)ûng

P er G ent 
H atched 
B efo re  
D rying

rfeys
D ried

P er C ent 
H atched 
A f te r  
Drying

T o ta l 
P e r Cent 
Sample 
H atched

1 igo 2 0 ■ 7 3U 3U
2 130 12 0 3 22 22
3 150 12 lit 7 0 lit
ii i 3'o 30 0 7 16 16
5 130 ll^ 0 3 Uo Uo
6 150 Ul 9 6 0 9
7 6 0 . 11 3 U 0 3
8 60 h 2 0 1 73 73
9 100 22 0 1 ■ 67 67

10 . loU 30 0 2 27 27
11 135 28 Ul 3 2 U3
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v a r ie d  much from one h a b i t a t  to  th e  n e x t and from one v i s i t  to  a n o th e r . 

O v e ra ll , conductance ranged from.-22 to  ^16  micromhos.

With re s p e c t  to  r e l a t iv e  c o n c e n tra t io n s ,  ca lc ium  was th e  • 

dom inant c a t io n  and ranged from two to  60 ppm. Sodium and po tassium  ' 

were u s u a l ly  p re s e n t  in  ap p ro x im ate ly  equal q u a n t i t i e s  and each ranged  

from one to  l6  ppm. In  g e n e ra l,  B. l i n d a h l i  h a b i ta t s  were c h a ra c te r iz e d  

by  th e  r e la t io n s h ip  Ca> Na-^K.

G eneral O bservations 

B ranch inecta  l i n d a h l i  was c o l le c te d  p r im a r i ly  from sm all g ra n i te  

ro ck  h o le s  in  th e  W ich ita  M ountains W ild li fe  Refuge in  so u th w este rn  

Oklahoma. I  a ls o  found i t  a s s o c ia te d  >ri.th S . texanus in  two d i tc h  

h a b i ta t s  n e a r  C a ld w ell, Kansas (Table 1 2 ).

The rock  ho les  were s i tu a te d  in  L u g ert g r a n i te  o f  P ro te ro z o ic  

age n e a r  th e  summit o f  Mount S c o t t  a t  an a l t i t u d e  o f  ap p ro x im ate ly  2k6k 

f e e t .  They were sm all and sh a llo w , th e  l a r g e s t  b e in g  le s s  th a n  th re e  

f e e t  in  d ia m e te r and n o t  more than  s ix  inches deep. A lthough f a i r y  

shrim ps were f re q u e n tly  abundant th e  in d iv id u a ls  were r a th e r  sm a ll, 

seldom exceed ing  10 mm i n  le n g th .  In d iv id u a ls  c u l tu re d  in  the  la b o ra to ry  

o f te n  reac h ed  le n g th s  o f  13 to  15 mm. Males and fem ales were g e n e ra lly  

p r e s e n t  in  ab o u t equal num bers. In d iv id u a ls  u s u a l ly  co n g reg a ted  along 

th e  edges o f th e  ho les  fe e d in g  on an a lg a l  growth and d e t r i t u s .

C o p u la tio n  was o f te n  observed , w ith  males a tte m p tin g  to  c o p u la te  w ith  

any  in d iv id u a l ,  male o r  fem ale , which cou ld  be grasped..- A l i f e  span 

o f  ap p ro x im ate ly  one month seemed ty p ic a l  o f  th i s  s p e c ie s .



Table 9»—P h y s ic a l-c h e m ic a l c o n d itio n s  in  B ran ch in ec ta  l i n d a h l i  rock h o le  h a b i t a t s .

Date HOïI
Temp

°C

P er Cent
S a tu ra t io n
Oxygen

PH HCOo
Alk
ppm

CO3
Alk
ppm

Ca
pprn

Na
ppm

K
ppm

Conductance 
Hicromhos 

18° C

H a b ita t  if 1
5 - 25-61 30 8 .il 86 27 6 7 306
6- 10-61 35 75 9 .3 30 10 6 1 1 126
6- 26-61 28 6h 9 .2 2 1 1 105
7- 26-61 32 90 9 .1 52 10 20 il 0 286
9 - 7-61 28 73 7.7 09 16 il 0 132
9- l l t - 6l 21 90 8 .9 22 2 2 1 2 22 .

H a b ita t  ft 2
U- 7-61 9.0 252
5- 25-61 31 0 .3 115 27 11 7 329
6- 10-61 35 80 8 .9 12 2 1 108
6- 15-61 22 90 7 .8 20 3 2 il 02
6- 26-61 28 65 9 .0 6 2 1 78
7- 26-61 36 96 ■ 0 .3 32 12 il 5 181
9 - 7-61 30 75 8 .6 ilil 2 12 2 3 101
9- lU -ô l 22 101 9.0 18 i.O 0 1 2 83

10- 17-61 22 105 7 .6 62 20 II 5 155
H a b ita t  ff 3

U- 7-61 Ht 150 9.0 37 16 10 262
5-25-61 30 . 0 .0 75 23 8 9 306
6- 10-61 35 au 9 .3 6 il 1 151
6- 15-61 22 90 6.7 12 2 1 109
7-26-61 3L 90 9 .5 10 Oo 22 il 5 283
9 -  7-61 28 76 9 .7 32 20 12 0 il . 132
9- 1Ü-61 21 95 9.0 10 8 2 2 2 l5ii



'liable 9 .—Continued. P hysical-chem ical co n d itio n s  in  B ranchinecta l in d a h l i  rock hole h a b i ta ts .

Bate HOH
Temp
°C

P er C ent
S a tu ra t io n
Oxygen

pH HCOu
Alk^
ppm

CO.
All?
ppm

Ca
ppm

Na
ppm

K
ppm

Conductance 
Micromhos 

. 18° C

H a b ita t  H
It- 7-61 13 20 2 1 h9.
5-25-61 28 8 . it 33 12 2 3 87
6—10—6 l ■ 35 77 9 .0 6 2 1 86
6-15-61 21 97 8 .it lit 6 1 1 ho '
6-26-61 26 62 9 .3 6 2 1 59
7-26-61 33 90 10 h 5 178
9 -  7-61 28 95 9 .8 31 20 5 2 3 70
9 - l l t - 6 l 19 87 8 .7 lit 1 2 2 2 23

H a b ita t  #  5
It- 7-61 15 8 .9 50 9 it 317
5 -25 -6 1 30 7 .7 88 30 13 8 h l l
6-10-61 35 80 8.9 ho 16 15 5 2 200 .
6 -15-61 21 90 8 .3 6h 9 3 1 I5h
6-26-61 30 65 8 .7 15 h 5 329
7-26-61 33 117 9.2 26 30 25 10 10 32it
9 -  7-61 29 97 9 . it h8 3it 22 10 10 151
9 - l i t - 6 l 20 86 9 .3 32 16 16 3 3 85

H a b ita t  6
5 -25-61 29 7 .7 178 h6 12 13 516
6-10-61 35 70 8 .9 15 h 3 270
6-26-61 28 5 i 8.8 18 2 3 278
7-26-61 30 95 8 .6 l l i t 12 50 6 10 h38
9 - 7-61 28 85 8.9 113 8 ho h 9 180
9-1L-61 20 86 9 .3 32 16 16 3 5 85

10-17-61 22 9.2 156 32 60 9 16 388

y
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D evelopm ental H is to ry  

B ran ch in ec ta  l i n d a h l i  escapes th e  egg as a  n a u p liu s  w hich 

averages  ab o u t 0 .3  mm in  le n g th .  A t 20° C, developm ent i s  r a p id  and 

re p ro d u c tio n  commences seven  to  n in e  daj'S a f t e r  h a tc h in g  (F ig u re  3) •

As f a r  as cou ld  be a s c e r ta in e d ,  e cd y s is  o ccu rred  ab o u t once ev ery  

2h  h o u rs .

T h ir ty  in d iv id u a ls  av eraged  0 .8  mm in  le n g th  d u rin g  th e  second 

day . F o u r daj'S a f t e r  h a tc h in g  th e  le n g th  av eraged  3 .1  mm and a l l  tru n k  

and abdom inal segm ents had form ed. S exual dimorphism >ias a p p a re n t on 

th e  f i f t h  day a t  which tim e le n g th  av eraged  3 .6  mm. A ll in d iv id u a ls  

were s e x u a l ly  m ature one week a f t e r  h a tc h in g  and averaged  1 0 ,3  mm in  

le n g th .

As c a n 'b e  s e e n , th e  grovrth cu rv e  o f  5 . l i n d a h l i  ifas sigm oid  

and  d id  n o t e x h ib i t  a  p e r io d  o f  r e ta rd e d  grow th d u rin g  se x u a l m a tu ra tio n . 

D uring th e  f i r s t  week le n g th  in c re a s e d  up to  3 .0  mm p e r  day and th en  

d ec re a se d  to  ab o u t 1 .0  mm p e r  day d u rin g  th e  fo llo w in g  fo u r  to  f iv e  

day s. F in a l ly ,  grow th d ec re a se d  to  0 .3  mm p e r  day o r  l e s s  as  in d iv id u a ls  

a t ta in e d  le n g th s  o f  lU to  l 6  mm.

Egg P ro d u c tio n  

The r e l a t i v e l y  s h o r t  p ro d u c tiv e  p e r io d s  e x h ib ite d  by  th e  

B. l i n d a h l i  fem ales i n  Table 10 r e f l e c t s  a  s h o r t  l i f e  span w hich appeared  

to  be t y p i c a l  o f  t h i s  s p e c ie s .  Each fem ale d e p o s ite d  from  two to  seven  

c lu tc h e s , each  b e in g  f e r t i l i z e d  d u rin g  a  s e p a ra te  c o p u la tio n . I n i t i a l  

c lu tc h e s  g e n e r a l ly  c o n s is te d  o f  one to  f iv e  eg g s . C lu tch es  were m ost 

commonly d e p o s ite d  a t  d a i ly  i n t e r v a l s .  O v e ra ll ,  c lu tc h e s  c o n s is te d  o f  

from  one to  8? eg g s . The lo w e s t t o t a l  p ro d u c tio n  ob serv ed  was n in e  eggs
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w hich was d e p o s ite d  by  BL-8 in  th r e e  c lu tc h e s  d u rin g  a  p ro d u c tiv e  p e r io d  

o f  fo u r  d ay s . The l a r g e s t  t o t a l  was 208 eggs d e p o s ite d  in  s ix  c lu tc h e s  

by BL-9 d u rin g  e ig h t  d ay s . U su a lly  th e  iJiaocimum c lu tc h  produced  by  each 

fem ale was d e p o s ite d  n e a r  th e  end o f  th e  p ro d u c tiv e  p e r io d .  The l a r g e s t  

c lu tc h  observed  was 120 eggs d e p o s ite d  by  a  1$ mm fem ale .

H atching o f  Eggs

H atching b e fo re  drj-ing was observed  in  fo u r  o f  th e  tivelve sam ples 

o f  B. l i n d a h l i  eggs (T able 1 1 ) . In  th e se  in s ta n c e s  h a tc h in g  o ccu rred  on 

th e  t h i r d  day a f t e r  d e p o s it io n ;  o th e r  sam ples were d r ie d  a t  l e a s t  fo u r  

days b e fo re  h a tc h in g  commenced. Only h% o f  th e  1|10 eggs h a tch ed  p r i o r  

to  d ry in g  compared to  a  t o t a l  h a tc h  o f  l6%. H atching in  in d iv id u a l  

sam ples ranged  from U to  Eggs k e p t a t  te m p era tu re s  below  15° and

above 30° C f a i l e d  to  h a tc h . Samples d r ie d  a t  l e a s t  fo u r  days a t  room 

te m p era tu re s  o f te n  e x h ib ite d  h a tc h in g  xvithin ' e ig h t  hours a f t e r  im mersion 

in  a e r a te d  d i s t i l l e d  w a te r . 2r:;dng o r  d i l u t io n  o f  th e  h a tc h in g  medium 

im m ediate ly  a f t e r  d e p o s it io n  in h ib i t e d  h a tc h in g .

E ubranchipus s e r r a tu s  F orbes 

P hysica l-C h em ica l C o n d itio n s  

E ubranchipus s e r r a tu s  was found a t  w a te r  tem p era tu res  ran g in g  

from  n e a r  f re e z in g  to  2h° C ( Ik b le  1 2 ) .  D isso lv ed  oxygen was u s u a l ly  

n e a r  s a tu r a t io n  l e v e l s .  H a b ita t  v ja ters tended  to  be  s l i g h t l y  a lk a l in e ;  

ob serv ed  h y d rogen -ion  c o n c e n tra tio n s  ranged  from 6 .0  t o  8 . 3 . B ica rb o n a te  

a l k a l i n i t y  eq u a led  t o t a l  a l k a l i n i t y  and  ranged  from 18 to  122 ppm. In  

m ost c a s e s ,  a l k a l i n i t i e s  w ere l e s s  th a n  70 ppm. S p e c i f ic  conductance 

ran g ed  from I4.O to  312 m icromhos.
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Table 1 0 .—Egg p ro d u c tio n  by  te n  m ated B ra n c h in e c ta  l i n d a h l i  fem ales 
c u l tu r e d  a t  20° to  22° C.

C u ltu re Number Number o f T o ta l D u ra tio n
Number C lu tches E g g s /c lu tc h Eggs P ro d u c tiv e

D eposited i'îin . —Max. D eposited P e r io d , Days
BL-1 h 1 17 33 U
BL-2 3 1 2h 66 9
BL-3 U 1 27 Ul 7
BL-U 3 5 U6 56 7
BL-3 6 5 53 117 13
EL-6 7 1 87 128 9
BL-7 2 2 11 13 6
BL-8 3 2 li 9 • U
BL-o 6 o 66 238 8
BL-IC 6 7. 60 216 10
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Table 1 1 .—H atching o f  B ran ch in ec ta  l i n d a h l i  eggs a t  20° to  22° C.

Sample
îîunber

Humber 
Sggs in  
Sample

Days VJet
Before
Drjdng

Per Cent 
Hatched 
Before 
Drying

DBjrs
Dried

Per Cent 
Hatched 
After 
Dr̂ d-ng

Total 
Per Cent 
Sample 
Hatched

1 13 22 0 7 5U 5U
2 32 12 0 U 6 6
3 25 11 0 6 12 12

19 2U lU u 7 17 21
20 25 lU 0 7 U u
22 . 3U 13 0 10 32 32
31 16 6 0 U 12 12
32 13 U 0 5 U6 U6
Uo 60 25 18 2 0 18
Ul 68 2U 3 u 7 10
U2 50 22 U 7 0 U
U3 50 20 0 U lU lU
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Calcium  was u s u a l ly  more c o n c e n tra te d  th an  e i t h e r  sodium o r 

p o ta ss iu m , and po tass iu m  tended  to  be s l i g h t l y  more c o n c e n tra te d  than  

sodium . However, th e  combined q u a n t i t i e s  o f  sodium and po tass ium  u s u a l ly  

exceeded th a t  o f  ca lc ium . The r e s p e c t iv e .ra n g e s  f o r  ca lc ium , sodium, 

and p o tassium  were two to  22 ppm, ti-io to  23 ppm, and  one to  13 ppm.

With r e s p e c t  to  th e  r e l a t i v e  c o n c e n tra tio n s  o f  th e se  th re e  c a t io n s ,

E. s e r r a tu s  h a b i t a t s  were c h a ra c te r iz e d  by  th e  r e la t io n s h ip s  C a>K >K a 

and K + K a> C a.

G eneral O b servations 

E ubranchipus s e r r a tu s  was a  f re q u e n t in h a b i ta n t  o f  ro ad s id e  

d itc h e s  and sm all m arshy p o o ls  in  S-iumner County, Kansas, du rin g  th e  l a t e  

f a l l  to  e a r ly  s p r in g .  I t  >jas n ev er observed  c o n c u rre n tly  i-iith o th e r  

s p e c ie s ;  b u t S . s e a l i , S . te x a n u s , and b . l i n d a h l i  were knom  to  occur 

in  s e v e ra l  E . s e r r a tu s  h a b i ta ts  d u rin g  th e  warmer m onths. Samples from 

young broods o f  E. s e r r a tu s  c o n s is te d  o f  ap p ro x im ate ly  equal numbers o f  

m ales and fem a le s , b u t sam ples from more m ature broods u s u a l ly  co n ta in ed  

a  predom inance o f  one se x . In d iv id u a ls  were commonly found d is p e rs e d  

among th e  s p a rs e  m arg ina l v e g e ta t io n  o r  u n d er le a v e s  and o th e r  b i t s  o f  

d e t r i t u s  on th e  bottom  o f  th e  p o o l.

D evelopm ental H is to ry  

E ubranchipus s e r r a tu s  h a tch ed  as a  m e tan au p liu s . A few hours 

a f t e r  h a tc h in g  25 m e ta n a u p lii  c u l tu re d  a t  15° C averaged  O.ij.9 mm in  

le n g th  and p o sse sse d  up to  fo u r  tru n k  segm ents as w e ll as p igm ented 

rudim ents o f  th e  compound e y e s . L ength  o f  th e  f i r s t  an tennae was abou t 

h a l f  t h a t  o f  th e  t o t a l  body le n g th .  F i r s t  an tennae  o f  th e  o th e r  fo u r



liable 1 2 .—P hysical-chem ical co n d itio n s  in  Kubranchipus s e r r a tus h a b ita ts ,

H a b ita t  and 
L o c a li ty  d a ta

JJate HOH
Temp

°C

P er Cent
S a tu ra t io n
Oxygen

pH HCO-
Alk^
ppm

Ca
ppm

Ha
ppm

K
ppm

Conductance 
Micromhos 

18° C

3- 19-60 It 88 6 .7 60
10- 29- 60* 19 21 6 .9 82
12- 26-60 9 106 7 .9 77

D itch  limi e a s t 1+- 1-61 22 93 6 .8 22 23 9 61 .
C aldw ell 6- 18- 61* 29 Hi3 7 .8 28 6 2 3 160

9- 9- 61* 32 122 7.8 62 10 12 3 129
lO - lL -61* 16 60 7 .9 61 10 12 it 120
12- 2l t -6l 2 82 7 .2 38 3 8 8it

6—18—61* 29 86 7 .2 7it 9 2 3 188
D itch  Im i so u th  2nii lO -lii-6 1 * 18 22 7 . it 92 8 2 13 172
e a s t  C orbin l l - 2b - 6l 11 108 7 .2 it l it it 9 72

12- 2i(-6l 3 72 7 .2 itl 3 2 6 99
3- 19-60 it 83 6 .7

10- 29- 60*4, 18 73 6 .7
D itch  b .^m i e a s t 12- 26-60 6 73 7 .9 62
C aldw ell 2- 13- 61** 22 80 6 .0 6 3 it lOlt

6- 18- 61** 29 138 7 .7 itO 3 2 1 116
I I - 2U-6I 13 23 7 .2 18 3 it it it2
12- 27-61 3 82 6 .9 19 2 10 2 120

D itc h  0 .2m i w est It- 3-61 16 112 7 .6 10 it 6 123
P e r th 11-22-61 lit 98 7 .9 87 18 it 6 128



Table 1 2 .—Continued. Physical-chem ical co n d itio n s  in  Eubranchipus s e r r a tus h a b ita ts .

H a b ita t  and 
L o c a l i ty  d a ta

D ate HOH
Temp

»C

P er C ent
S a tu ra t io n
Oxygen

pH HCO_
Alk^
ppm

Ca
ppm

Na
ppm

K
ppm

Conductance 
Micromhos 

18° C

3-19-60 4 72 6 .7 49
12-26-60 6 67 7.8 40
k -  1-61 22 88 6 .2 32 10 6 3 64

Marsh 2-13-61#* 22 72 6 .0 27 6 4 3 104
lu^m i e a s t 6—18—61## 28 M 7 .2 20 3 2 4 139
C aldw ell 11-2^-61 11 91» 6 .6 32 12 2 9 . 23

12-24-61 1 80 7 .2 27 4 2 7 131
12- 27-61 3 92 6 .7 30 3 2 6 124

3- 19-60 6 83 6 .8
D itch 12- 26-60 4 60 7 .7 82 22 2 9 72
5mi e a s t 2 -13-61 22 6 .2 6 4 3 217
C aldw ell 6- 18-61 28 107 7 .I1 122 6 2 2 312

11-24-61 9 69 7 .8 78 12 2 9 103
1 2 -2 7 r6 l 2 79 6 .9 36 8 8 6 129

Animal Wallow
3 n o r th  2 e a s t 4 -  1-61 24 116 6 .9 26 2 4 2 22
C aldw ell

D itch
0.3m i e a s t  Im i n o r th 11- 22-61 12 72 8 .3 78 12 2 9 ll»9
C orbin

•X* u i i x y  u *  BUÜXX \ J i  

■ÎH!- Only texanus
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s p e c ie s  d u rin g  th e  f i r s t  few days d id  n o t  exceed  o n e - th i rd  th e  t o t a l  

body le n g th .  S ex u a l dim orphism was e v id e n t b y  th e  n in th  day a t  which 

tim e le n g th  av erag ed  m .  I n c ip i e n t  egg p ro d u c tio n  was observ ed  on 

th e  13th  day in  fem ales a t  l e a s t  10 nm in  le n g th .  The le n g th  averaged  

9 .3  mm a f t e r  13 days (F ig u re  ! ; ) .

Length in c re a s e d  ab o u t 0 .5  mm p e r  day d u rin g  th e  f i r s t  f iv e  

daj'S and up to  1 .0  ram d u ring  the  n e x t 11 da^^s. Tne r a te  o f  growth 

g ra d u a l ly  dropped to  l e s s  than  0 .5  mm p e r  day as in d iv id u a ls  a t t a in e d  

an av erage  le n g th  o f  a b o u t lit mm.

Erg P ro d u c tio n

Egg p ro d u c tio n  by te n  m ated E . s e r r a tu s  fem ales was observed  

(T able 13) in  th e  labora to ry '-. Tlte f i r s t  f iv e  coup les were mat'ure when 

i s o l a t e d  so  t h e i r  -to-bals must be c o n s id e re d  as  m inim al. The o th e r  

co u p les  w ere im m ature when i s o l a t e d .  A l l  c u l tu r e s  w ere k e p t a t  10° C.

M u ltip le  clu-tches were c h a r a c t e r i s t i c  o f  t h i s  s p e c ie s .  C lu tches 

w ere d e p o s ite d  e v e ry  two to  fo u r  day^s and  each was f e r t i l i z e d  d u rin g  a  

s e p a ra te  c o p u la t io n .  The f i r s t  c lu tc h  to  be  produced  u s u a l ly  c o n s is te d  

o f  l e s s  th a n  20 e g g s . In  some cases  th e  f i r s t  c lu tc h  was n o t f e r t i l i z e d  

b u t  i-zas reab so rb ed  in  th e  egg s a c .  . This acco u n ted  f o r  th e  s l i g h t l y  

l a r g e r  i n i t i a l  c lu tc h e s  d e p o s ite d  by  ES-6  and ES-6 . The m ost eggs 

d e p o s ite d  i n  a  s in g le  c lu tc h  was 290 eggs by  ES-3. The l a r g e s t  c lu tc h  

produced  b y  a  fem ale w hich m atured  a f t e r  i s o l a t i o n  was 207 eggs by 

E S -9 . Female ES-10 d e p o s ite d  th e  s m a l le s t  to - ta l ,  U2 eggs i n  3 c lu tc h e s  

d u rin g  l5  d ay s , and  ES-6  th e  l a r g e s t  -to-tal, 61|0 eggs i n  8 c lu tc h e s  

d u rin g  22 days.
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F ig u re  h .  Growth o f  E ubranchipus s e r r a tu s  c u l tu re d  a t  15° C.
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Table 13*—Egg p ro d u c tio n  by te n  r a t e d  E ubranchipus s e r r a tu s  a t  10° C,

C u ltu re
h u rb e r

Itoaber
C lu tches
d e p o s ite d

N urber o f  
E g g s /c lu tc h  
M in.—Max.

T o ta l
Eggs
d e p o s ite d

D ura tion  
P ro d u c tiv e  
P e rio d , Days

ES-1-::- h U6 233 128 Hi
ES-2* 2 97 232 329 13
E5-3* h h 290 622 15
ES-1+* 3 9ii 128 531 2li
ES-3* 2 21 270 291 6
ES-6 6 36 IJh 6Uo 22
ES-7 7 Hi 59 26ii 20
ES-8 3 U2 66 I 6 l 12
SS-O li 1 207 350 15
ES-10 3 1 39 U2 15

M ature when i s o la t e d
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H atching  o f  Eggs 

In. g e n e ra l ,  Eubranchip-gs s e r r a  bus eggs re q u ire d  r e l a t i v e l y  

long  p e r io d s  o f  d ry in g  and te m p era tu re s  o f  a b o u t-10° to  15° C b e fo re  

h a tc h in g  commenced. H atch ing  d id  n o t  o c c u r .a t  te m p era tu re s  o f  20° 0 

o r  h ig h e r .  Even a f t e r  dr;jâng, eggs a t  15° 0 w ere im mersed s ix  days 

o r  more b e fo re  h a tc h in g  b eg an . H atching o f te n  c o n tin u e d  over a  p e r io d  

o f  th re e  to  f iv e  da^'s. S e v e ra l da j^  u s u a l ly  e la p se d  betw een th e  tim e 

th e  egg s h e l l  c rac k ed  and th e  m etanaup liu s emeig;ed from th e  in n e r  

membranous s a c .

F o u rteen  sam ples were s u b je c te d  to  i n i t i a l  w et p e r io d s  a t  

e i t h e r  20°, 15 ° , o r  10° G and th en  d r ie d  a t  20° u n le s s  o th e rw ise  

in d ic a te d  (T able l i i ) .  A f te r  d ry in g , sam ples were immersed in  a e r a te d  

d i s t i l l e d  w a te r  a t  l5 °  C. The t o t a l  h a tc h  in  in d iv id u a l  sam ples 

ranged  from 2 to  86%, I t  appeared  th a t  h a tc h in g  r e q u ire d  few er days 

im m ersion i f  d r;/ing  o c c u rre d  a t  20° a n d /o r  th e  eggs were p re v io u s ly  

aged a t  15° o r  l e s s .  Eggs o f  E. s e r r a  tu s  were o bserved  to  h a tc h  a t  

temtCe r a tu r e s  as  low as  6° C.



Table l l i . —Hatching o f Eubranchipus s e r ra  tu s  eggs a t  C.

Sample
Number

Eggs P er 
Sample

Days Wet and 
Temp. P r io r  to  
Drying

fiays
D ried

Days Immersed 
a t  l3 °  B efore 
H atching Began

P er Cent
Sample
H atched

Remarks

1 69 48 a t  20° 2 16 33
2 87 42 a t  10 7 7 47
3 29 32 a t  20 16 11 86 dry  a t  10°
h 30 32 a t  10 12 9 80
3' 60 37 a t  13 19 6 18
6 60 27 a t  10 20 8 23 d ry  a t  l3
7 30 23 a t  10 12 22 10 dry  a t  10
8 30 4 l  a t  10 8 6 10
9 30 17 a t  20 19 U4 36 dry  a t  l3

10 30 17 a t  20 19 13 36 d ry  a t  10
11 30 33 a t  20 20 10 30
12 100 18 a t  20 24 9 70 d ry  a t  13
13 174 3 a t  20 13 11 2
m 170 12 a t  20 11 20 6 d ry  a t  10

v n
o



DISCUSSION

S easo n a l O ccurrence 

A lthough f a i r y  shrim ps a re  c a te g o r iz e d  re p e a te d ly  as v e rn a l 

in h a b ita n ts  o f  tem porary  p o o ls  such s ta te m e n ts  a re  m is le a d in g . Most 

sp e c ie s  do o ccu r d u rin g  th e  v e rn a l months b u t many a re  a ls o  p re s e n t  

du rin g  o th e r  se a so n s .

A c tu a lly  th e  annual p r e c i p i t a t io n  and therm al p a t te rn s  g r e a t ly  

in f lu e n c e  th e  occu rrence  o f  th e  sp e c ie s  i n  a  g iven  re g io n . In  Kansas 

and Oklahoma, p r e c i p i t a t io n  i s  n o rm ally  g r e a t e s t  d u rin g  th e  sp r in g  and 

l e a s t  d u rin g  th e  i f in te r .  W ith re s p e c t  to  p r e c i p i t a t io n  p a t te r n s ,  sp r in g  

i s  th e  m ost fa v o ra b le  and w in te r  th e  l e a s t  fa v o ra b le  seaso n  f o r  th e  

occu rren ce  o f  f a i r y  sh rim p s. One m ight ex p ec t th e  same to  be t r u e  f o r  

te m p e ra tu re s , b u t th e  e f f e c t s  o f  tem p era tu re  on h a tc h in g , developm ent, 

and s u r v iv a l  v a ry  from one sp e c ie s  to  th e  n e x t .  Thus tem p era tu res  

conducive to  h a tc h in g  and s u rv iv a l  o f  one sp e c ie s  may be u n fav o rab le  

f o r  a n o th e r  s p e c ie s .

Based on th e  m onthly o ccu rrence  o f  sp e c ie s  in  th e  f i e l d  and 

th e  h a tc h in g  and s u rv iv a l  o f  sp e c ie s  a t  d i f f e r e n t  tem p era tu res  i n  th e  

la b o ra to ry ,  I  have d e s ig n a te d  sp e c ie s  as e i t h e r  y ea r-ro u n d , s p r in g  to  

e a r ly  f a l l ,  o r  f a l l  to  e a r ly  sp r in g  fo rm s.

51
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Year-Round S p ec ies  

I  c o l le c te d  S tre p to c e p h a lu s  s e a l i  d u rin g  a l l  seasons o f  th e  y e a r .  

Moore (1955) re p o r te d  t h a t  i t  was p re s e n t  th ro u g h o u t th e  y e a r  in  L o u is ia n a , 

and l o c a l i t y  d a ta  p u b lish e d  by  D exter (1953, 1956) in d ic a te  th a t  i t  i s  

p ro b ab ly  a  y e a r-ro u n d  form th ro u g h o u t most o f  i t s  Icnown range.

I t  i s  a  eu rj'th e rm ic  s p e c ie s .  A du lts  have been observed  a t  

tem p era tu res  ran g in g  from n e a r  f re e z in g  to  ii2° C (Moore op. c i t . , P rophet 

1959). In  th e  la b o ra to ry ,  I  have h a tch ed  eggs a t  te m p era tu res  as  low as 

13° C, and th e  im matures su rv iv e d  e :g o su re  to  10° C f o r  more th an  th re e  

w eeks. Moore (op . c i t . ) found th a t  developm ent o f S . s e a l i  o ccu rred  a t  

a v e rj’’ slow  r a te  a t  tem p era tu re s  w hich v a r ie d  betw een 10° and l5 °  C.

I'he a b i l i t y  o f  s e a l i  to  t o l e r a t e  a  wide range o f  en v iro n 

m ental c o n d itio n s  i s  r e f l e c te d  by i t s  wide d i s t r i b u t i o n .  I t  i s  perhaps 

th e  m ost w id e ly  d i s t r i b u te d  s p e c ie s  o f  f a i r y  shrim p in  N orth A m erica.

To d a te ,  S . s e a l i  has been re p o r te d  from 23 s t a t e s  th ro u g h o u t a l l  p a r t s  

o f  th e  U n ited  S ta te s  and from  Canada and Mexico (D ex te r 1959).

S p rin g  to  E a r ly  F a l l  S pecies  

Three s p e c ie s ,  S . te x a n u s , T. p la ty u ra s  and B. l i n d a h l i , were 

p r e s e n t  o n ly  d u rin g  th e  >iarmer m onths. A ll  a re  common to  th e  c e n t r a l  

and so u th w este rn  s t a t e s  (D ex te r 1959), and th e  l i t t l e  t h a t  has been 

p u b lish e d  concern ing  th e  o ccu rren ce  o f  th e se  sp e c ie s  su p p o rts  th e  above 

d e s ig n a tio n  o f  s p r in g  to  e a r l y  f a l l  s p e c ie s  (Moore 1950, Leonard and 

Ponder 19i;9, D exter 1953, 1956 ).

I  c o n s id e r  th e se  s p e c ie s  to  be w ain s ten o th e rm ic  fo im s. In  

g e n e ra l ,  h a tc h in g  o f  t h e i r  eggs was in h ib i te d  by te m p era tu re s  below  

15° C. In  th e  la b o ra to ry ,  a d u l t  B. l i n d a h l i  su rv iv e d  a  c o n s ta n t
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te m p era tu re  o f  10° C f o r  more th an  two weeks w h ile  T. p la ty u ru s  and  

S . texanus u s u a l ly  d ie d  w ith in  th r e e  to  f iv e  days

L a te  F a l l  to  E a r ly  S p rin g  S p e c ie s  

E ubranchipus s e r r a  tu s  i s  a  c o ld  s te n o th e m ic  s p e c ie s  w hich 

occu rs p r im a r i ly  in  th e  n o r th e rn  h a l f  o f  th e  U n ited  S ta te s  (D ex te r 1959). 

In  I l l i n o i s ,  D ex te r and  F erguson  (19U3) fo'ond t h a t  S . s e r r a  tu s  

d isa p p e a re d  when w a te r  tem p era tu re s  approached  23° 0 .  M ost p u b lish e d  

reco rd s  f o r  t h i s  sp e c ie s  in  o th e r  p a r t s  o f  i t s  range  in d ic a te  an e a r ly  

s p r in g  o ccu rren ce  (D ex te r 1953, 1956).

Tem peratures below  20° C a re  a p p a re n t ly  n e c e ssa ry  fo r  th e  

h a tc h in g  and p ro lo n g ed  s u r v iv a l  o f  t h i s  s p e c ie s .  I  have ob serv ed  

h a tc h in g  o f E, s e r r a tu s  eggs a t  te m p era tu re s  o f  6° to  15° C b u t  n ev e r 

a t  20° C o r  h ig h e r .  McGinnis (1911) r e p o r te d  th a t  te m p era tu re s  o f  

ab o u t lU ° to  17° C ap p eared  to  be o p tim al f o r  a d u l ts  o f  t h i s  s p e c ie s .  

D ex te r and F erguson  (191:3) r e p o r te d  t h a t  in d iv id u a ls  k e p t a t  a  c o n s ta n t  

tem p era tu re  o f  9° C l i v e d  more th a n  1:3 days compared to  a s u r v iv a l  o f  

ll: days a t  a  c o n s ta n t  te m p era tu re  o f  16° C.

P h y sica l-C h em ica l C o n d itio n s  

The l im n o lo g ic a l f e a tu r e s  o f  sm a ll tem porary  p o o ls  have been  

s tu d ie d  v e ry  l i t t l e .  The chem ical co m p o sitio n  o f  tem porary  p o o ls  i s ,  

l i k e  t h a t  o f  perm anent w a te rs ,  in f lu e n c e d  b y  th e  g eo ch em is try  o f  th e  

su rro u n d in g  t e r r a i n .  However, p h y s ic a l-c h e m ic a l c o n d itio n s  in  th e  sm all 

tem porary  p o o ls  a re  s u b je c t  to  more r a p id  and  e x te n s iv e  f l u c t u a t i o n s .

The fau n a  o f  such  i fa te r s  m ust t o l e r a t e  a  :d_de ran g e  o f  en v iro n m en ta l 

c o n d itio n s  o r  e l s e  be  r e s t r i c t e d  to  a  p a r t i c u l a r  p e r io d  when c o n d itio n s  

a re  f a v o ra b le .



Knowledge o f  th e  l im n o lo g ic a l f e a tu r e s  o f  th e  h a b i t a t s  o f  m ost 

sp e c ie s  o f  f a i r y  shrim ps i s  v e ry  l im i te d .  Because o f  t h e i r  sh a llo w  

n a tu re  and la rg e  exposed s u r fa c e  a re a  th e  te m p era tu re s  w ith in  a n o s tra c a n  

h a b i t a t s  te n d  to  fo llo w  th e  a i r  tem p era tu res  r a t h e r  c lo s e ly .  I t  i s  

p ro b a b le  t h a t  d is s o lv e d  oxygen r a r e l y  becomes l i m i t i n g .  Even a t  maximum 

te m p era tu re s  c o n c e n tra tio n s  o f  d is s o lv e d  oxygen in  th e  s tu d y  h a b i t a t s  

were g e n e r a l ly  s u f f i c i e n t  f o r  s u rv iv a l  o f  f a i r y  sh rim p . Approrcim ately 

i; ppm o r  more o f  d is s o lv e d  oxygen were u s u a l ly  d e te c te d  i n  th e  s tu d y  

h a b i t a t s .

In  one case  I  d id  s u s p e c t  an oxygen d e f ic ie n c y  as  b e in g  th e  

p rim ary  cau se  f o r  th e  d isap p ea ran ce  o f  a  b rood  o f  immature S . s e a l i .

On June 10 , 1961, a sm a ll r e c e n t ly  f lo o d e d  pond c o n ta in e d  an  abundance 

o f  S . s e a l i . This o b s e rv a tio n  was made a t  11:00  AI-I on a  c l e a r  day  a t  

w hich tim e o n ly  1 .1  ppm (1$^ s a tu r a t io n )  o f  d is s o lv e d  oxygen was p r e s e n t .  

The e n t i r e  bottom  o f th e  pond vjas m a tted  w ith  decaying  m a t te r .  F iv e  

days l a t e r ,  t h i s  pond was a g a in  v i s i t e d  a t  th e  same h o u r. F a iry  shrim ps 

w ere a b s e n t  and  o n ly  0 .5  ppm (5^ s a tu r a t io n )  o f  oxygen >jas d e te c te d .

The w a te r  was d a rk ly  s ta in e d  by  th e  decom position  o f  th e  abundan t p l a n t  

m a t e r i a l .

T em perature, pK, a l k a l i n i t y ,  and d is s o lv e d  oxygen f lu c tu a te  

h o u r ly  a s  w e ll  as  s e a s o n a l ly  in  l a r g e  b o d ies  o f  w a te r .  F o r exam ple, 

th e  pH and  d is s o lv e d  oxygen i n  Buckeye L ake, O hio, w ere found  to  b e  

lo w e s t d u rin g  th e  e a r ly  m orning hours ( T r e s s le r ,  e t  a l .  19U0). There 

was a  g ra d u a l in c re a s e  u n t i l  th e  maximum le v e l s  w ere reach ed  d u rin g  th e  

l a t e  a f te rn o o n  h o u rs . On th e  o th e r  hand, f r e e  CO2 c o n c e n tra t io n s  were 

g r e a t e s t  d u rin g  th e  e a r ly  m orning . The COg l e v e l  d e c re a se d  d u rin g  th e
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p h o to s y n th e tic  p e r io d  and in c re a s e d  d u rin g  th e  hours o f  d a rk n e ss . 

Gasaviay (1961) re p o r te d  s im i la r  f lu c tu a t io n s  in  sm a ll f i s h - c u l tu r e  

ponds in  Oklahoma. S im ila r  e x te n s iv e  s tu d ie s  o f  d iu rn a l f lu c tu a t io n s  

o f  th e  p h y s ic a l-c h e m ic a l c o n d itio n s  in  temporary'' poo ls  m igh t be 

v a lu a b le  in  d e te rm in in g  which env ironm enta l f a c to r s  e x e r t  th e  most 

in f lu e n c e  on th e  l i f e  span and occu rren ce  o f  f a i r ; /  sh rim ps.

S p e c if ic  conductance measurements w ere e x c e l le n t  f o r  demon

s t r a t i n g  th e  v a r i a b i l i t y  o f  th e  h a b i t a t  w a te rs . Such measurements 

n o t  o n ly  approx im ated  th e  t o t a l  d is so lv e d  s a l t s  in  th e  v ja te r b u t 

in d ic a te d  h a b i t a t  a g e . A low conductance was to p ic a l  o f  r e c e n t ly  

form ed p o o ls .  In c re a se d  conductance betvreen su c c e ss iv e  v i s i t s  to  

h a b i t a t s  r e s u l te d  from th e  c o n c e n tra tio n  o f  s a l t s  by  e v a p o ra tio n  and 

le a c h in g , h a rk ed  d ec re ase s  in  conductances were due to  d i lu t io n  

r e s u l t in g  from a d d i t io n a l  r a i n f a l l .

T-ihen th e  e v a p o ra tio n  r a t e  i s  h ig h , th e  conductance o f sm a ll 

p o o ls  changes r a p id ly .  Hzoska ( I 96I )  found th a t  conductances changed 

r a p id ly  in  ra in p o o ls  in  h o r th e m  Sudan. F o r exam ple, r a in  w a te r  

p o u rin g  from  a  ro o f  had a  conductance o f  35 micromhos; a  few hours 

l a t e r  th e  conductance o f  a  new ly form ed ra in p o o l was IJ4.0 micromhos. 

îX iring th e  n e x t 11 days th e  conductance o f  t h i s  p o o l in c re a se d  to  

1130 m icrom hos. A lthough such  marked v a r ia t io n s  i n  conductance were 

n o t  o bserved  in  th e  s tu d y  h a b i t a t s ,  i t  was e v id e n t t h a t  th e  conductance 

o f  th e  h a b i ta t s  v a r ie d  vri-th a g e . Gasavjay (op. c i t . ) found t h a t  

conductance c lo s e ly  fo llo w ed  th e  curve f o r  p h o to sy n th e tic  a c t i v i t y  

in  sm a ll f i s h - c u l t u r e  ponds.

A lthough th e  m a te r  has been s tu d ie d  o n ly  s l i g h t l y ,  th e re  i s  

ev id en ce  th a t  th e  d i s t r i b u t io n  o f  some a q u a tic  organism s may be  r e l a t e d
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to  th e  c h e n ic a l n a tu re  o f  th e  h a b i t a t  w a te r . H utchinson  (1957, see  

p 5 ? l)  s t a t e d  t h a t  th e  io n ic  r a t i o s  o f  w aters  may have e c o lo g ic a l  

v a lu e .  Rejmoldson (1956, 1958a, 1958b) re p o r te d  a  b ro ad  r e la t io n s h ip  

betw een calcium  and d is s o lv e d  m a tte r  and th e  com position  o f  t r i c l a d  

p o p u la tio n s  in  c e r t a in  European w a te r s .  Boone and Boas-Becking (1931) 

n o te d  t h a t  A rtem ia n a u p l i i  f a i l e d  to  s u rv iv e  in  KCl s o lu t io n s  more 

c o n c e n tra te d  th a n  0.U-! b u t  t h a t  th e  to x ic  e f f e c t  o f  th e  p o tass iu m  

co u ld  be an ta g o n iz e d  by  th e  a d d i t io n  o f  sodium and to  a  l e s s e r  e x te n t  

by calc ium  and magnesium. Croghan (1958) found th a t  A rtem ia w ould 

su rv iv e  f o r  s e v e ra l  days i n  O.pM HaCl s o lu t io n s  w h ile  d ea th  o ccu rred  

w ith in  2h hours  i n  KCl s o lu t io n s .  However, s u r v iv a l  in  th e  p o tassium  

s o lu t io n  co u ld  be  p ro lo n g ed  by th e  a d d i t io n  o f  sodium s a l t s .

The to le ra n c e  to  t o t a l  d is s o lv e d  s o l id s  as w e ll as to  r e l a t i v e  

c o n c e n tra tio n s  o f  in d iv id u a l  io n s  p ro b a b ly  v a r ie s  from s p e c ie s  to  

s p e c ie s .  The b r in e  sh rim p , A rtem ia ,  can  t o l e r a t e  ex trem ely  b ra c k ish  

. c o n d itio n s  (C arpelan  1957). B ran ch in ec ta  campe s t r i s  has o n ly  been 

found i n  ex trem ely  a lk a l in e  w a te rs  (pH 9 .5 -1 0 ) o r  w a te rs  hav ing  such  

a  h ig h  d is s o lv e d  s a l t  c o n te n t t h a t  o n ly  A rtem ia can  develop  ab u n d an tly  

in  th e  same h a b i t a t  (Lynch I9 6 0 ) . Some s p e c ie s  which have a  wide 

d i s t r i b u t i o n  t o l e r a t e  such  a  w ide range o f  chem ica l c o n d itio n s  t h a t  i t  

i s  n e a r ly  im p o ss ib le  to  d e s c r ib e  a  .s in g le  d i s t i n c t i v e  c h a r a c t e r i s t i c  

o f  t h e i r  h a b i t a t s .

On th e  b a s is  o f  th e  p h y s ic a l-c h e m ic a l c o n d itio n s  s tu d ie d ,  th e  

h a b i ta t s  o f  S . s e a l i  and  S . texanus w ere s im i la r  i n  many w ays. Both 

s p e c ie s  have been c o l le c te d  w ith in  a  w ide range  o f  pH and a l k a l i n i t y .

I  found t h a t  ca lc ium  was u s u a l ly  more c o n c e n tra te d  th a n  e i t h e r  sodium
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o r  p o ta ss iu m  in  t h e i r  h a b i t a t s ,  b u t  S . texanus was a ls o  p r e s e n t  in  

vraters in  w hich p o tass iu m  was th e  dom inant c a t io n .

One 01 th e  most d i s t i n c t i v e  f e a tu r e s  o f  5 . l i n d a h l i  h a b i t a t s  

was th e  ten d en cy  f o r  th e  pH to  be  g r e a t e r  th a n  S .It. As a r e s u l t ,  a  

l a r g e  p ro p o r t io n  o f  th e  t o t a l  a l k a l i n i t y  was due to  th e  p re se n c e  o f  

norm al c a rb o n a te s .  Calcium  was more c o n c e n tra te d  th a n  e i t h e r  sodium 

o r  po tass iu m  in  th e se  h a b i t a t s .

Iham nocephalus p la ty u ru s  h a b i ta t s  t y p i c a l l y  had a  pH o f  l e s s  

th a n  7 .3  and a  t o t a l  a l k a l i n i t y  o f  l e s s  th a n  30 ppm. The m ost s t r i k i n g  

f e a tu r e  o f  th e se  h a b i ta t s  was th e  co m p a ra tiv e ly  h ig h  p o ta ss iu m  and low 

ca lc iu m  and sodium l e v e l s .  P o tassium  was alw ays more c o n c e n tra te d  th a n  

e i t h e r  calc ium  o r  sodium , w hether o th e r  T. p la ty u ru s  h a b i t a t s  w ould 

e x h ib i t  t h i s  same r e la t io n s h ip  i s  n o t kno>m. P u b lish e d  l o c a l i t y  d a ta  

f o r  T. p la ty u ru s  i n  Oklahoma a r e  a l l  from th e  w e s te rn  th ird , o f  th e  s t a t e  

(Mackin 1 9 3 5 ). S o i ls  in  w es te rn  Oklahoma c o n ta in  more exchangeab le 

p o ta ss iu m  th a n  s o i l s  in  th e  c e n t r a l  and e a s te r n  p a r t  o f  th e  s t a t e  (P lainer 

1950)» Thus, tem porary  p o o ls  i n  w este rn  Oklahoma sh o u ld  be  r e l a t i v e l y  

r i c h  i n  p o ta ss iu m . The Triide o ccu rren ce  o f  S .  texanus i n  th e  w e s te rn  

h a l f  o f  Oklahoma may in d ic a te  t h a t  i t  can a ls o  t o l e r a t e  a  r a t h e r  h ig h  

l e v e l  o f  p o ta ss iu m . On th e  o th e r  hand, S . s e a l i  i s  found m a in ly  in  

c e n t r a l  Oklahoma where th e re  i s  l e s s  exchangeab le p o ta ss iu m  i n  th e  s o i l .  

R e su lts  a re  incom ple te  b u t  experim en ts in d ic a te  t h a t  S . te x an u s  can 

t o l e r a t e  n e a r ly  th re e  tim es th e  r e l a t i v e  K: C a+K a r a t i o  t o l e r a t e d  by  

S . s e a l i  o r  B. l i n d a h l i .

A lthough le v e l s  were n o t  as g r e a t  a s  i n  th e  T, p la ty u ru s  

h a b i t a t s ,  th e  w a te rs  in h a b i te d  b y  2 . s e r r a tu s  w ere a l s o  c h a r a c te r iz e d
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by th e  r e l a t i v e l y  h ig h  p o ta ss iu m  v a lu e s .  Calcium  was more c o n c e n tra te d  

th a n  p o ta ss iu m  w hich in  tu r n  was more c o n c e n tra te d  th an  sodium . But 

th e  com bined q u a n t i t i e s  o f  th e  m onovalent c a t io n s  u s u a l ly  exceeded th a t  

o f  ca lc iu m  so th a t  th e  r e la t io n s h ip  K +K a>C a was ty p i c a l .

The chem ical n a tu re  o f  h a b i ta t s  o f  th e se  s p e c ie s  in  o th e r  p a r t s  

o f  t h e i r  ranges m ust be s tu d ie d  b e fo re  i t  can  be  determ ined  w hether th e  

d if f e re n c e s  m entioned above a re  r e a l  o r  a p p a re n t.

D evelopm ental H is to ry  

A lthough th e  number o f  in s t a r s  and th e  r a te s  o f  grow th v a r ie d  

from s p e c ie s  to  s p e c ie s ,  th e  g e n e ra l p a t te r n  o f  developm ent was s im i la r .  

F a iry  shrim ps h a tc h  as e i t h e r  a  n a u p liu s  o r  a  more advanced m e ta n a u p liu s . 

Both o f  th e s e  l a r v a l  forms p o sse ss  a  median o c e l lu s  and  p a i r e d  f i r s t  and 

second an ten n ae  and  m an d ib les . The m e ta n a u p lii a ls o  e x h ib i t  rud im ents 

o f  th e  compound eyes, and two o r  more tru n k  segm ents. My o b se rv a tio n s  

o f  r e c e n t ly  h a tc h e d  in d iv id u a ls  in d ic a te d  t h a t  Z. s e r r a tu s  emerges a s  a 

m e tan au p liu s  w h ile  S . s e a l i , S . texanus and B. l i n d a h l i  h a tc h  as a  

n a u p l iu s .  I  d id  n o t  observe  th e  young o f  T. p la ty u ru s  em erging from  th e  

egg , b u t  I  b e l ie v e  t h a t  t h i s  s p e c ie s  h a tch es  as a  m etan au p liu s  s in c e  

th e  young p o s se sse d  rud im ents o f  th e  compound eyes and a t  l e a s t  th r e e  

tru n k  segm ents in  l e s s  th a n  2h hours  a f t e r  h a tc h in g .

The second an ten n ae  se rv e  as th e  p rim ary  locom otor organs d u rin g  

th e  f i r s t  few days o f  th e  l i f e  sp a n . There i s  a  p ro g re s s iv e  appearance 

o f  tru n k  segm ents i n  an  a n t e r i o r  t o  p o s te r io r  d i r e c t i o n .  Each o f  th e  

f i r s t  11 tru n k  segm ents p o sse sse s  a  p a i r  o f  swimming l e g s .  The l a s t  

n in e  segm ents c o n s t i t u t e  th e  abdomen. The te im in a l  abdom inal segm ent 

i s  m o d if ie d  to  form  a  biram ous t e l s o n .  As th e  tru n k  appendages become
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a d u l t - l i k e  th ey  ta k e  on th e  fu n c tio n s  o f  locom otion , fe e d in g , and 

r e s p i r a t io n  and th e  second an tennae undergo a g rad u a l tra n s fo rm a tio n  

to  th e  a d u l t  c o n d it io n . C o n c u rre n tly , a  b u lg e  appears on th e  f i r s t  

two abdom inal segments and d i f f e r e n t i a t e s  in to  th e  o v isac  o f  th e  fem ale 

o r  penes o f  th e  m ale.

Moore (1957) dem onstra ted  th a t  th e  developm ental r a te  o f 

s e a l i  was in f lu e n c e d  by te m p era tu re  and food . Such i s  undoubted ly  

t r u e  o f  o th e r  s p e c ie s .  I  found th a t  u n d er th e  c u l tu r e  c o n d itio n s  

used  each sp e c ie s  m olted  ap p ro x im ate ly  once each day. 3 tre p to c e p h a lu s  

s e a l i  e x h ib ite d  se x u a l dim orphism by th e  S th  i n s t a r  and eggs appeared  

by  th e  lU th  i n s t a r .  A lthough th e  male second an tennae were a d u l t - l i k e  

by th i s  tim e , i t  was n o t u n t i l  th e  l6 th  i n s t a r  th a t  the  p o s te r io r  p a r t  

o f  th e  male cercopods developed  th e  sp in y  appearance c h a r a c te r i s t i c  o f  

th e  a d u l t  m ale. In  S . texanus re p ro d u c tio n  commenced as e a r ly  as th e  

1 1 th  i n s t a r .  The p r e - a d u l t  s ta g e s  o f  th e se  two sp e c ie s  a re  so s im i la r  

t h a t  i t  i s  a lm ost im p o ss ib le  to  d is t in g u is h  one sp e c ie s  from th e  o th e r .  

The d ia g n o s tic  f e a tu r e  m ost commonly u sed  to  s e p a ra te  th e se  sp e c ie s  i s  

th e  appearance o f th e  male ce rcopods, w hich i n  S . texanus have s e t i f e r o u s  

m argins b u t  a re  sp in ed  d i s t a l l y  i n  S . s e a l i . However, cercopods o f 

immature male S . s e a l i  have s e t i f e r o u s  m argins l i k e  th o se  o f  te x a n u s . 

G aulin  (I960) re p o r te d  t h a t  ju v e n ile s  co u ld  be d is t in g u is h e d  on th e  

b a s is  o f  th e  appearance o f  th e  second an tennae  o f  m a les . He found t h a t  

th e  f r o n t  m argin o f  th e  p o s te r i o r  sp u r  on th e  o u te r  branch o f  th e  

" s c is s o r s "  forms a  sharp  an g le  in  texanus b u t  i s  rounded in  S . s e a l i .

I  fo^und th a t  th i s  f e a tu r e  was r e a d i ly  a p p a re n t in  texanus by th e  9 th  

i n s t a r  and as e a r ly  as th e  1 2 th  i n s t a r  in  5 .  s e a l i .



60

U nder th e  same c n l tn r e  c o n d itio n s  th e  developm ent o f 

E. l i n d a h l i  'i-ias more r a p id  th a n  t h a t  o f  e i t h e r  s e a l i  o r  S , texanus « 

S ex u a l dimorphism vjas e v id e n t by th e  $ th  i n s t a r  and c o p u la tio n  was 

f i r s t  o b served  d u rin g  th e  7 th  i n s t a r .  The low number o f  p r e - a d u l t  

i n s t a r s  observed  f o r  t h i s  s p e c ie s  may in d ic a te  t h a t  a  few s ta g e s  were 

n o t  d e te c te d .  I t  i s  p ro b ab le  t h a t  a  s h o r te r  developm ental sequence 

w ould be  b e n e f i c i a l  i n  view  o f  th e  ty p e  o f  h a b i t a t  in  which th i s  sp e c ie s  

i s  f r e q u e n t ly  found. Sm all rock  h o le s  do n o t rem ain f lo o d ed  f o r  

e x c e p t io n a l ly  long  p e r io d s .  Thus, o n ly  s p e c ie s  which m ature r a p id ly  

would have a  good chance o f  in v ad in g  such ephem eral p o o ls .

E ubranchipus s e r r a  tu s  e x h ib ite d  se;cual dim orphism by  th e  

9 th  i n s t a r  and commenced egg p ro d u c tio n  by th e  13 th  i n s t a r .  Î-Ie tanaup lii 

•of t h i s  sp e c ie s  co u ld  be d is t in g u is h e d  from th e  e a r ly  s ta g e s  o f  S . s e a l i , 

S_. texanus ^ d  B. l i n d a h l i  by th e  r e l a t i v e  le n g th  o f  th e  f i r s t  an tennae 

which in  E . s e r r a tu s  was eq u a l to  h a l f  th e  bodj' l e n g th .  In  th e  o th e r  

sp e c ie s  th e  le n g th  o f  th e  f i r s t  an tennae  t-jas equal to  ab o u t a  t h i r d  o f  

th e  body le n g th .

Egg P ro d u c tio n

Moore (1955) p o s tu la te d  t h a t  3 .  s e a l i  p roduced  numerous 

c lu tc h e s  o f  eggs d u rin g  i t s  a d u l t  l i f e .  This i-ra.s l a t e r  dem onstra ted  

b y  G aulin  (I960) and Moore (1959a). My r e s u l t s  show t h a t  S . te x a n u s ,

E . l i n d a h l i ,  T. p la ty u r u s , and E . s e r r a tu s  a l s o  produce numerous 

c lu tc h e s  d u rin g  t h e i r  a d u l t  l i v e s .

Each c lu tc h  i s  f e r t i l i z e d  d u rin g  a s e p a ra te  c o p u la t io n . 

C o p u la tio n  m ust occur j u s t  b e fo re  o r  soon a f t e r  th e  eggs a r e  moved 

in to  th e  egg s a c .  The f a c t o r  o r  f a c to r s  w hich a t t r a c t  th e  m ale to
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th e  fem a le , o r  v ic e  v e r s a ,  and w hich t r i g g e r  th e  c o ; .u la to r ;’' a c t  a re  

n o t known. I  have r a r e l y  observed  th e  c o p u la te ry  a c t  i n  s e a l i ,

S . te x a n u s , and S . s e r r a tu s  and n ev e r in  T. p la ^ r tu ra s . I f  fem ales 

o f  th e se  s p e c ie s  were i s o la t e d  from m ales egg p ro d u c tio n  co n tin u e d , 

b u t  s h e l l  m a te r ia l  was n o t  d e p o s ite d  around th e  eggs a f t e r  th ey  

e n te re d  th e  o v is a c . These u n f e r t i l i z e d  eggs rem ained w h it is h  and 

were soon reab so rb ed . I f  m ales were then  in tro d u c e d  th e  succeed ing  

c lu tc h e s  re c e iv e d  a  s h e l l  c o a t  which soon became l i g h t  ta n  to  re d d ish  

broTvn. Such egg m asses were d e p o s ite d  one to  th r e e  days a f t e r  th e y  

e n te re d  th e  egg s a c .

K atcrdng o f  Eggs 

The c o n tin u e d  s u r ' i v a l  o f f a i r ; /  shrim ps i n  ephem eral poo ls  

i s  p o s s ib le  as a  r e s u l t  o f  t h e i r  co m p a ra tiv e ly  r a p id  m a tu ra tio n  and 

th e  p ro d u c tio n  o f  eggs which a r e  cap ab le  o f  w ith s ta n d in g  th e  i n t e r 

ven ing  d ry  p e r io d s .  M athias (1937) b e lie v e d  th a t  two t;g )ss  o f eggs 

a r e  p roduced , th o se  t h a t  developed  w ith o u t d ry in g  and  o th e rs  which 

co u ld  w ith s ta n d  p ro lo n g ed  p e r io d s  o f  d e s ic c a t io n .  H a ll (1939c) 

b e l ie v e d  t h a t  C h irocephalus diaphanus p roduces o n ly  one tjp ie  o f  egg, 

b u t  t h a t  i t  i s  cap a b le  o f  d e lay ed  o r  co n tin u o u s developm ent, depending 

upon en v ironm en ta l c o n d i t io n s .  Weaver (19)+3) s t a t e d  t h a t  n o t  a l l  eggs 

o f  E. v e m a l i s  w ere e q u a ll; /  s e n s i t i v e  to  th e  “shock” o f  d ry in g  a n d /o r  

f r e e z in g .  A ll  th r e e  o f  th e  above s ta te m e n ts  draw a t t e n t i o n  to  th e  

v a r i a b i l i t y  o f  th e  h a tc h in g  o f  a n o s tra c a n  e g g s . I  f a i l e d  to  n o te  any  

d if f e r e n c e  in  th e  appearance o f  eggs which h a tch ed  w ith o u t p rev io u s  

d ry in g  and  th o se  t h a t  h a tch ed  a f t e r  d ry in g . I  f e e l  t h a t  th e  e^ ip lanation  

i s  more n e a r ly  a  com bination  o f  th e  l a t t e r  two s ta te m e n ts .  That i s .
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a f t e r  f e r t i l i s a t i o n  developm ent c o n tin u e s  up to  a  p o in t  a n d -th e n  th e  

enbrj-'o n ay  become dorm ant. The eggs v a ry  in  t h e i r  r e s is ta n c e  to  

h a tc h in g .  Some eggs undergo a  con tinuous developm ent and h a tch  

r e l a t i v e l y  soon o r  re q u ire  on ly  a s l i g h t  change in  some env iro n m en ta l 

c o n d i t io n ,  such  as te m p e ra tu re , to  s t im u la te  h a tc h in g . O thers need 

a  more se v e re  "shock” to  s t im u la te  f u r th e r  developm ent and h a tc h in g .

W ith th e  e x c e p tio n  o f  2 . s e r r a tu s  some eggs o f a l l  s p e c ie s  

c o n s id e re d  in  th i s  s tu d y  were o cse r\'ed  to  h a tch  w ith in  3 to  11 days 

a f t e r  d e p o s i t io n .  In  th e s e  in s ta n c e s  th e  eggs a p p a re n tly  underw ent 

co n tin u o u s  developm ent and the  time to  h a tch in g  was r a th e r  c o n s ta n t  

f o r  a  g iven  s p e c ie s .  F o r exam ple, h a tch in g  o f  some h . l i n d a h l i  eggs 

would o c c u r  on th e  th i r d  day a f t e r  d e p o s it io n  w h ile  some S . s e a l i  

and  S . texanus eggs would h a tc h  5 to  7 days a f t e r  d e p o s it io n .  The 

eggs w hich d id  n o t h a tc h  w ith in  one week o r  more a f t e r  d e p o s it io n  

co u ld  o f te n  be s t im u la te d  to  h a tc h  by e i t h e r  dr,>dnr o r  d i lu t in g  th e  

c u l tu r e  medium. In  e i t h e r  c a s e , th e  h a tc h in g  tim e was a g a in  s im i la r .  

T hat i s ,  i f  h a tc h in g  o ccu rred  in  e i t h e r  d r ie d  o r  d i lu te d  sam ples, i t  

in v a r i a b ly  o ccu rred  > rith in  2h hours a f t e r  th e  a d d i t io n  o f  th e  a e r a te d  

d i s t i l l e d  w a te r  to  th e  sample v e s s e ls  (E. s e r r a tu s  eggs th u s  tre a b e d  

d id  n o t b eg in  h a tc h in g  f o r  a t  l e a s t  s i x  d a y s ) . The h a tc h in g  o f  th e se  

eggs so  soon a f t e r  tre a tm e n t in d ic a te s  t h a t  developm ent was n e a r ly  

com pleted  b e fo re  th e  a d d i t io n  o f  d i s t i l l e d  i-ja ter.

A lthough d ry in g  and d i l u t io n  ap peared  to  s t im u la te  h a tc h in g , 

th e  age o f  th e  eggs a t  th e  tim e th e se  c o n d itio n s  o ccu rred  was im p o rta n t;

i .  e . ,  when eggs were e i t h e r  d r ie d  o r  p la c e d  in  a e ra te d  d i s t i l l e d  w a te r  

im m ed ia te ly  a f t e r  d e p o s it io n  h a tc h in g  r a r e l y  o c c u rre d . H atching  was



63

more l i k e l y  to  occur a f t e r  th e  egys were f i r s t  a llow ed  to  “age" in  

c u l tu r e  medium f o r  a t  l e a s t  3 to  7 days.

Moore (1959a) found th a t  S . ,s .e a li  eggs s to r e d  in  ampules o f  

w a te r  f o r  a t  l e a s t  30 days began h a tc h in g  as  soon as 15 hours a f t e r  

im m ersion in  a e ra te d  d em in e ra lise d  w a te r . He re p o r te d  t h a t  h a tch in g  

was g r e a t e s t  15 to  2ii. hours a f t e r  immei-sion and r a r e l y  co n tin u ed  more 

than  two da^/s. This c lo s e ly  ag ree s  w ith  th e  h a tch in g  o f  S . s e a l i  eggs 

in  n a tu r e .  My r e s u l t s  in d ic a te d  th a t  t h i s  i s  a l s o  tru e  o f  S . te x a n u s , 

T. p la ty u r u s , and E. l i n d a h l i  eg g s. In  f a c t ,  eggs o f  th e se  sp e c ie s  

w hich w ere f i r s t  aged in  c u l tu r e  medium f o r  a t  l e a s t  one week and then  

d r ie d  th r e e  to  seven dâ .̂ s began h a tch in g  as soon as size hours a f t e r  

im m ersion in  a e ra te d  d i s t i l l e d  w a te r . On th e  o th e r  hand, d r ie d  E. 

s e r r a tu s  eggs u s u a l ly  re q u ire d  6 to  16 days im m ersion a t  15° C b e fo re  

h a tc h in g  commenced, b 'eaver (19Ù3) re p o r te d  t h a t  S . v e m a l i s  eggs 

d r ie d  a n d /o r  f ro z e n  up to  h6  days re q u ire d  12 to  13 days im m ersion 

b e fo re  h a tc h in g  would s t a r t  (tem p era tu re s  n o t r e p o r te d ) .

The m a tte r  o f  tem p era tu re  req u irem en ts  f o r  th e  developm ent 

and h a tc h in g  o f  a n o s tra c a n  eggs needs much a d d i t io n a l  re s e a rc h . I-iy 

r e s u l t s  in d ic a te  t h a t  Z . s e r r a tu s  eggs r e q u ire  tem p era tu re s  o f  abo u t 

6° to  15° C b e fo re  developm ent and h a tc h in g  w i l l  o c c u r. Tem peratures 

below  ap p ro x im ate ly  l5 °  o r  as h igh  as 32° C i n h i b i t  developm ent and 

h a tc h in g  o f  th e  eggs o f  S .  s e a l i ,  S . te x a n u s ,  T. p la ty u r u s , and 

B. l i n d a h l i .
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1 . Temporary poo ls  in h a b ite d  by  one o r  more sp e c ie s  o f  fair],- 

shrim ps were s tu d ie d  d u rin g  th e  p e r io d  from Septem ber 19$9 to  January  

1962. W ater te m p e ra tu re , d is s o lv e d  oxygen, pH, a l k a l i n i t y ,  s p e c i f i c  

cond u c tan ce , and  th e  r e l a t i v e  amounts o f  ca lc iu m , sodium, and potassi'om  

were m easured d u rin g  a l l  s e a so n s . These d a ta  were used  to  determ ine 

s i m i l a r i t i e s  and d if fe re n c e s  in  th e  g e n e ra l  p h y s ic a l-c h e m ic a l c h a ra c 

t e r i s t i c s  o f  th e  w aters  in h a b ite d  by each s p e c ie s .  Tiie developm ental 

h i s to r y  and  p ro d u c tio n  o f  eggs o f  each  sp e c ie s  w ere observed  in  the  

la b o ra to r y ,  and th e  e f f e c t s  o f  c e r t a in  env ironm en ta l c o n d itio n s  on

th e  h a tc h in g  o f  eggs were s tu d ie d .

2 . S tre p to c e p h a lu s  s e a l i ,  S tre p to c e p h a lu s  te x a n u s , Thamno- 

cepha lu s  p la ty u r u s , B ran ch in ec ta  l i n d a h l i , and E ubranchipus s e r r a tu s  

were found in  th e  s tu d y  h a b i ta ts  w hich were lo c a te d  in  Sumner County, 

K ansas, and C lev e lan d , M cClain, Comanche, and' T illm an c o u n tie s  in  

Oklahoma. _

3 . S p e c if ic  conductance was a  good in d i c a to r  o f  th e  age o f  

h a b i t a t s .  Conductance was lo w e s t i n  r e c e n t ly  f lo o d e d  h a b i t a t s ,  and

i t  g ra d u a l ly  in c re a s e d  due to  th e  c o n c e n tra t io n  o f  s o lu te s  by  le a c h in g  

and e v a p o ra tio n .

U. The r e l a t i v e  c o n c e n tra tio n s  o f  ca lc iu m , sodium , and 

p o ta ss iu m  were th o u g h t to  be e s p e c i a l l y  im p o rta n t in  in f lu e n c in g  th e

6L
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d i s t r i b u t i o n  o f  s p e c ie s .  H a b ita ts  o f  p la ty u ru s  w ere lo o a te d  in  s o i l s  

h ig h  in  exohangeable p o ta ss iu m ; te rp o r a r y  p o o ls  in  such  s o i l s  w ere 

r e l a t i v e l y  h ig h  in  po tass iu m  (U-16 ppm) and low  in  ca lc iu m  (2-U ppm) 

and  sodium (1-2  ppm). H a b ita ts  o f  T. p la ty u ru s  were c h a ra c te r iz e d  by- 

th e  r e la t io n s h ip  K> C a> Na, a  pH le s s  th a n  7 .3  and a  t o t a l  a l k a l i n i t y  

o f  l e s s  th a n  1:0 ppm.

5 .  Both s e a l i  and S . texanus were commonly found in  w a te rs  

hav ing  a  pH o f  l e s s  th a n  8.1:, a  t o t a l  a l k a l i n i t y  o f  a t  l e a s t  50 ppm, 

and in  w hich calcium  tended  to  be more c o n c e n tra te d  th a n  e i t h e r  sodium 

o r  p o ta ss iu m . W ith re s p e c t  to  c a t io n  r e l a t io n s h ip s ,  B. l i n d a h l i  h a b i ta t s  

were s im i la r  to  th o se  o f  th e  above two sp e c ie s  b u t  t h i s  s p e c ie s  was m ost 

commonly found in  w ate rs  hav ing  a  pH g r e a t e r  th an  5.1:. The pH and t o t a l  

a l k a l i n i t y  o f  E . s e r r a tu s  h a b i ta t s  w ere s im i la r  to  th o se  o f  S . s e a l i  and

tezcanus, and th e  l a t t e r  two s p e c ie s  f r e q u e n t ly  in h a b i te d  E. s e r r a tu s  

p o o ls  d u rin g  th e  warmer m onths. Calcium  was more c o n c e n tra te d  th a n  

e i t h e r  sodium o r  p o tass iu m  in  E . s e r r a tu s  p o o ls  b u t  th e  combined 

c o n c e n tra tio n s  o f  th e  m onovalent c a t io n s  u s u a l ly  exceed  t h a t  o f  th e  

fo rm er so t h a t  th e  r e la t io n s h ip  X +N a>C a was c h a r a c t e r i s t i c .

6 . E cdysis o c c u rre d  a p p ro x im a te ly  once each  day  in  S . s e a l i ,

3 .  te x a n u s , and E. l i n d a h l i  a t  20° C and in  E . s e r r a tu s  a t  15° C. The 

developm ent o f  3 . l i n d a h l i  was v e ry  r a p id  w ith  c o p u la tio n  o c c u rr in g  as  

e a r ly  a s  th e  7 th  i n s t a r .  Egg p ro d u c tio n  by 3 .  s e a l i  commonly began 

d u rin g  th e  l i : th  i n s t a r  and  m ales e x h ib i te d  a l l  a d u l t  f e a tu r e s  by  th e  

l 6 t h  i n s t a r .  R eproduction  by  S . texanus commenced as  e a r ly  as th e  1 1 th  

i n s t a r  and by  th e  13 th  i n s t a r  i n  E . s e r r a t u s .

7 . The le n g th  o f  th e  f i r s t  an ten n ae  r e l a t i v e  to  t o t a l  body 

le n g th  can  be u sed  to  d is t in g u is h  betw een th e  m e ta n a u p lii  o f  E . s e r r a tu s
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and th o se  o f  S . s e a l i , te x a n u s , and B. l i n d a h l i . The f i r s t  an tennae

o f  E . s e r r a tu s  m e ta n a u p lii  were equ a l to  ap p ro x im ate ly  h a l f  th e  t o t a l  

body le n g th  b u t  ten d ed  to  be l e s s  th a n  a  t h i r d  o f th e  t o t a l  body le n g th  

in  th e  o th e r  th r e e  s p e c ie s .

6 . Egg p ro d u c tio n  c o n tin u e d  th ro u g h o u t m ost o f  th e  fe m a le ’s 

a d u l t  l i f e .  In  g e n e ra l,  fem ales o f  each sp e c ie s  d e p o s ite d  one c lu tc h  

e v e ry  one to  th re e  day s . Each c lu tc h  was f e r t i l i z e d  d u rin g  a  s e p a ra te  

c o p u la t io n . ' Egg p ro d u c tio n  c o n tin u e d  in  th e  absence o f  m ales b u t  th e  

u n f e r t i l i z e d  eggs were reab so rb ed  a f t e r  e n te r in g  th e  egg s a c .  In  g e n e ra l ,  

th e  number o f  eggs produced p e r  c lu tc h  in c re a s e d  w ith  p a r e n ta l  ag e .

9 . T o ta l p ro d u c tio n  p e r  fem ale was in f lu e n c e d  by food , le n g th  

o f  th e  p ro d u c tiv e  p e r io d ,  and th e  frequency  a t  which m ales f a i l e d  to  

f e r t i l i s e  th e  c lu tc h e s .  The l a r g e s t  number o f  eggs d e p o s ite d  by  a  

fem ale o f  each  sp e c ie s  was 1791 by S . s e a l i , 163$ by S . te x a n u s , citO by 

S . s e r r a tu s ,  and 2$8 by 5 . l i n d a h l i .

10 . Tem perature g r e a t ly  in f lu e n c e d  th e  h a tch in g  o f  eg g s . Eggs 

o f  E . s e r r a tu s  h a tch ed  a t  tem p era tu res  o f  6° to  1$° C b u t  n o t a t  20°.

Eggs o f  th e  o th e r  fo u r  s p e c ie s  m ost commonly h a tch ed  a t  20° G o r  s l i g h t l y  

h ig h e r ,  b u t  tem p era tu re s  as  h ig h  as 32° C in h ib i t e d  h a tc h in g . D rying 

f o r  one to  seven  days would o f te n  s t im u la te  h a tc h in g  i f  th e  eggs were 

f i r s t  a llo w ed  to  "age" i n  sm a ll v e s s e ls  o f  p a r e n t  medium. D ilu tio n s  o f 

th e  h a tc h in g  medium would a ls o  s t im u la te  th e  h a tc h in g  o f  "aged" eg g s. 

D rying o r  im m ersion o f  th e  eggs in  d i s t i l l e d  w a te r im m ed ia te ly  a f t e r  

d e p o s it io n  in h ib i t e d  h a tc h in g .

11 . E vidence in d ic a te d  t h a t  developm ent o f  th e  eggs may be  

e i t h e r  con tinuous o r  d e lay ed . Some eggs h a tch ed  th r e e  to  seven  days
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a f t e r  d e p o s it io n .  O ften  developm ent xjas d e layed  and h a tc h in g  d id  n o t 

occu r u n t i l  th e  eggs^w ere s u b je c te d  to  some env ironm en ta l "shock".

12 . Based on t h e i r  n a tu r a l  m onthly o ccu rrence  from Septem ber 

19$9 to  January- 1962 and the observed  in f lu e n c e  o f tem p era tu re  on th e  

h a tc h in g  o f  eggs in  th e  la b o ra to ry ,  sp e c ie s  were grouped acco rd in g  to  

s e a so n a l o ccu rrence  as y e a r-ro u n d , S . s e a l i ; s p r in g  to  e a r ly  f a l l ,

S ,  te x a n u s , T. p la t^ m ru s , and _5. l i n d a h l i ; and  l a t e  f a l l  to  e a r ly  

s p r in g ,  E. s e r r a t u s .
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