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STATEMENT OF PURPOSE 

Th is  r e p o r t  presents t h e  r e s u l t s  of a f i e l d  and l a b o r a t o r y  study 

on t h e  occurence o f  t he  Unarmored Threespine St ick leback ,  Gasterosteus 

aculeatus w i l l i amson i ,  i n  p o r t i o n s  o f  t h e  Santa Clara R ive r  drainage 

owned by Newhall Land and Farming Company. The unarmored subspecies 

o f  s t i c k l e b a c k  i s  l i s t e d  as endangered by bo th  s t a t e  and fede ra l  govern-

ments. The study was conducted t o  determine the  degree t o  which the  

endangered subspecies i s  represented i n  t h e  s t i ck leback  popu la t i on  

found w i t h i n  t h e  study area. Due t o  the  p o t e n t i a l  f o r  i n t r o g r e s s i o n  

between -G. -a. w i l l i a m s o n i  and t h e  non-endangered subspecies -G. -a. 

microcephalus which a l s o  occurs i n  t h e  drainage, a combinat ion o f  

morphologic ( l a t e r a l  p l a t e )  and gene t i c  (a l lozyme) data were used t o  

recognize t h e  subspecies and p a t t e r n  o f  gene f l o w  between them. 

Populat ions f rom ou ts ide  t h e  study area assumed t o  be non- int rogressed 

were used t o  e s t a b l i s h  subspecies c h a r a c t e r i s t i c s .  

The p r o j e c t  area cons i s t s  o f :  (1 ) t h e  Santa Clara R ive r  from near 

t h e  conf luence w i t h  Casta ic  Creek upstream t o  near Saugus, ( 2 )  Castaic 

Creek from Highway 5 downstream t o  Highway 126, and ( 3 )  t h e  downstream 

p o r t i o n  o f  San F ranc i squ i to  Creek ou ts ide  the  Nat iona l  Fores t  (see F igure  1 ) .  

Th is  s tudy was conducted t o  p rov ide  data which w i l l  a s s i s t  i n  t h e  

f u r t h e r  p lann ing  o f  t h e  Valencia Master Plan w i t h i n  t h e  p r o j e c t  area. 





INTRODUCTION 

The th reesp ine  s t i ck leback ,  Gasterosteus aculeatus, has a circumboreal 

d i s t r i b u t i o n .  The species i s  renowned f o r  i t s  morphological v a r i a b i l i t y .  

I n  p a r t i c u l a r ,  l a t e r a l  bony p l a t e s  which va ry  i n  number ( f rom 0 t o  about 

35) have rece ived cons iderab le  a t t e n t i o n  and have sometimes been used as 

t h e  pr imary  c h a r a c t e r i s t i c  i n  subspec i f i c  determinat ion.  Along t h e  P a c i f i c  

coas t  of Nor th  America, t h ree  subspecies a re  commonly recognized based 

on l a t e r a l  p l a t e  morphology ( M i l l e r  and Hubbs, 1969). Two o f  these 

subspecies, -G. -a. microcephalus and -G. -a. w i l l i amson i ,  a r e  found i n  

southern C a l i f o r n i a .  -G. -a. microcephalus i s  t h e  "normal" r e s i d e n t  f reshwater  

morphological  form o f  t h e  th reesp ine  s t i ck leback .  I t  i s  recognized p r i m a r i l y  

by t h e  f a c t  t h a t  t h e  l a t e r a l  p l a t e s  a r e  l i m i t e d  t o  t h e  a n t e r i o r  p o r t i o n  o f  

t h e  body (see Appendix 1 ) .  -G. -a. w i l l i a m s o n i ,  t h e  unarmored th reesp ine  

s t i ck leback ,  i s  morpho log i ca l l y  unusual i n  t h a t  i t  t o t a l l y  l acks  l a t e r a l  

p l a t e s .  Although o t h e r  morphologic c h a r a c t e r i s t i c s  may d i f f e r e n t i a t e  these 

two subspecies, t h e  l a c k  o f  l a t e r a l  p l a t e s  has t r a d i t i o n a l l y  been used t o  

d e f i n e  -G. -a. w i l l i a m s o n i  and d i f f e r e n t i a t e  i t  from -G. -a. microcephalus. 

The unarmored form was descr ibed by G i r a r d  (1854) as Gasterosteus 

w i l l  iamsoni. G i ra rd  (1854) was unable t o  s p e c i f y  a type l o c a l i t y  b u t  i t  

was l a t e r  recognized as t h e  upper p a r t  o f  t h e  Santa Clara R ive r  i n  Soledad 

Canyon, probably between Lang and Acton i n  Los Angeles County, C a l i f o r n i a  

( M i l  l e r ,  1960). La te r ,  o the r  unarmored popu la t ions  were descr ibed from 

t h e  Los Angeles bas in  (Los Angeles, San Gabr ie l  and Santa Ana R ivers )  i n  

southern Cal i f o r n i  a  (e. g. Regan, 1909; Gasterosteus santae-annae) . I n  1925 ,' 

Jordan and Hubbs u n i t e d  a l l  southern C a l i f o r n i a  unarmored s t i ck leback  

popu la t ions  as -G. -a. w i l l i a m s o n i ,  a  view supported by M i l l e r  (1960). Therefore, 



a t  one t ime,  -G. -a. w i l l i a m s o n i  was found i n  a t  l e a s t  t h e  Santa C la ra  

R iver ,  Los Angeles R iver ,  San Gabr i e l  R i v e r  and Santa Ana R i v e r  dra inages.  

However, t h e  once abundant (Cu lver  and Hubbs, 1917) Los Angeles bas in  

popu la t i ons  had been' e x t i r p a t e d  by t h e  mid-1940s ( M i l l e r ,  1961), l e a v i n g  

-G. -a. w i l l i a m s o n i  r e s t r i c t e d  t o  t h e  upper Santa C la ra  R i v e r .  The U.S. 

F i s h  and W i l d l i f e  Se rv i ce  l i s t e d  t h e  unarmored th reesp ine  s t i c k l e b a c k  

as an endangered species i n  1970 (Federa l  Reg i s te r  35:16047). C r i t i c a l  

h a b i t a t  was proposed i n  1980 (Federa l  Reg i s te r  45:76012). Appendix 2  

con ta ins  a  d e s c r i p t i o n  o f  t h e  e s s e n t i a l  h a b i t a t  (proposed c r i t i c a l  

h a b i t a t ) .  

More r e c e n t l y ,  a  p o p u l a t i o n  f r om San Antonio Creek has been recognized 

as 5. a. w i l l i a m s o n i  based on a  1976 r e p o r t  by Bask in and B e l l ,  and another  

popu la t i on  was d iscovered  i n  t h e  Baldwin Lake bas in  i n  1981 which a l s o  

q u a l i f i e s  as -G. -a. w i l l i a m s o n i  based on l a t e r a l  p l a t e  number. These 

popu la t i ons  w i l l  n o t  be d iscussed i n  t h i s  r e p o r t  because g e n e t i c  da ta  

demonstrate t h e y  a r e  n o t  6. a. w i l l  iamsoni ( ~ a ~ l u n d ,1988). Consequently, 

t h e  f e d e r a l l y  endangered th reesp ine  s t i c k l e b a c k  i s  r e s t r i c t e d  t o  t h e  Santa 

C la ra  R i ve r  dra inage.  



METHODS 


F i e l d  Work. 

F i e l d  work was conducted between May and December, 1988. 

A l though n o t  designed o r  in tended as a  h a b i t a t  survey, most o f  t h e  

stream i n  t h e  s tudy  area was walked by t h e  i n v e s t i g a t o r .  Cas ta ic  

Creek f rom I n t e r s t a t e  5  downstream t o  t h e  conf luence w i t h  t h e  Santa 

Clara R i ve r  and a l l  su r f ace  f l o w  i n  San F r a n c i s q u i t o  Creek downstream 

o f  t h e  Na t i ona l  Fo res t  boundary were examined. Due t o  sporad ic  r a i n s  

d u r i n g  t h e , s t u d y  p e r i o d  f l o w  c o n d i t i o n s  were v a r i a b l e  and most stream 

sec t i ons  were v i s i t e d  more than  once. A1 though a l l  su r face  waters  were 

seined i n  these two areas, no f i s h  were c o l l e c t e d  i n  San F r a n c i s q u i t o  

Creek and o n l y  15 Gasterosteus acu lea tus  were c o l l e c t e d  i n  Cas ta ic  Creek. 

Casta ic  Creek con ta ined  G i l a  o r c u t t i ,  Co t tus  asper and Gambusia a f f i n i s  

i n  a d d i t i o n  t o  t h e  s t i c k l e b a c k s .  S t i c k l ebacks  were a l s o  absent f rom 

more upstream areas of Cas ta ic  Creek (se ined)  , w h i l e  t hey  were abundant 

i n  t h e  most downstream permanent water w i t h i n  t h e  Nat iona l  Fores t  ( v i s u a l  

survey)  i n  San F r a n c i s q u i t o  Creek. W i t h i n  t h e  Santa C la ra  R i v e r  most 

f i e l d  work occur red  j u s t  upstream and downstream o f  McBean Parkway. 

S t i c k l ebacks  i n  t h i s  area a r e  p a t c h i l y  d i s t r i b u t e d  b u t  l o c a l l y  abundant. 

Th i s  stream s e c t i o n  con ta ins  G i l a  o r c u t t i  and Gambusia a f f i n i s  i n  

a d d i t i o n  t o  t h e  s t i c k l e b a c k s .  

F i s h  were c o l l e c t e d  u s i n g  a  10 f o o t ,  1 /8  i n c h  mesh, k n i t t e d  ny lon  

minnow seine. A t  sampl ing l o c a l i t i e s ,  an a t tempt  was made t o  c o l l e c t  

100 s t i c k l ebacks ,  50 t o  be f r ozen  and 50 preserved. Complete samples 

were c o l l e c t e d  a t  a l l  l o c a l i t i e s  where s t i c k l e b a c k s  occurred except i n  

Cas ta ic  Creek. 



L a t e r a l  P l a t e  Study. 

A l l  f i s h  t o  be used f o r  l a t e r a l  p l a t e  counts  were preserved i n  t h e  

f i e l d  us ing  a  10% s o l u t i o n  o f  formaldehyde. I n  t h e  l abo ra to r y ,  t h e  samples 

were soaked i n  water  t o  remove t h e  formaldehyde. Once t h i s  was completed, 

t h e  specimens were s t a i n e d  i n  a  sa tu ra ted  s o l u t i o n  o f  A l i z a r i n  Red S 

d i s s o l v e d  i n  2% KOH ( w t / v o l ) .  Fo l low ing  s t a i n i n g ,  t h e  f i s h  were des ta ined  

i n  a  2% s o l u t i o n  o f  KOH. Specimens were then  p laced i n  a  50% s o l u t i o n  o f  

isopropanol  where f u r t h e r  d e s t a i n i n g  took p lace.  The d e s t a i n i n g  process 

removed t h e  s t a i n  f rom t h e  t i s s u e  l eav ing  t h e  bone s ta i ned  a  deep r e d d i s h  

purp le .  

The phenotype o f  a l l  specimens was cha rac te r i zed  by t h e  t o t a l  number 

o f  l a t e r a l  p l a t e s  t h a t  each i n d i v i d u a l  possessed. The l a t e r a l  p l a t e  number 

was ob ta ined  by summing t h e  counts  f rom bo th  s ides  o f  a  specimen. The 

l a t e r a l  p l a t e s  were counted under a  d i s s e c t i n g  microscope, and a l l  l a t e r a l  

p l a t e s  were counted rega rd less  o f  s i z e  o r  p o s i t i o n .  

E l e c t r o p h o r e t i c  Study. 

Specimens t o  be used f o r  e l ec t ropho res i s  were p laced  on d r y  i c e  

immediate ly  f o l l o w i n g  cap tu re  and t r anspo r ted  t o  U.C.L.A. where t hey  were 

s to red  a t  -20C u n t i l  d i ssec ted .  E l e c t r o p h o r e t i c  methods f o l l o w  those 

descr ibed  by Buth e t  a1 . (1984). The f i v e  polymorphic l o c i  reso lved  by 

Buth e t  a1 . (1984) were r u n  by t h e  i n v e s t i g a t o r  under t h e  same e l e c t r o -  

p h o r e t i c  c o n d i t i o n s  as those i n  t h e  aforement ioned s tudy.  A l l e l i c  products  

were des ignated on t h e  bas i s  o f  t h e i r  r e l a t i v e  e l e c t r o p h o r e t i c  m o b i l i t y  

compared t o  t h e  o r i g i n  ( 0 )  and t h a t  of t h e  same re fe rence  ( i  .e., most 

common) a l l e l e  (100) employed by Buth e t  a1 . (1984). 



LATERAL PLATE DATA 

The original description (Girard, 1854) of -G .  -a .  will iamsoni as we1 1 

as the present Recovery Plan (1985) diagnosis i s  based on la tera l  plate 

counts. A l l  l a te ra l  plate counts presented here were obtained by summing 

the counts from both sides of the f i s h ;  a l l  la teral  plates were counted 

regardless of s ize or position (Figure 2 ) .  Prior to  counting la tera l  plates ,  

specimens were stained w i t h  Alizarin Red S ,  a bone s ta in  which f a c i l i t a t e s  

the examination of la te ra l  plates and increases the accuracy of counts on 

small f i sh .  

Figure 2. A specimen of the threespiue stickleback, Gasterosteus aculeatus, 
with s ix  la te ra l  plates on i t s  l e f t  side.  (Reproduced from Bell and Haglund, 
1978). 

Before presenting the data i t  i s  necessary to  examine the of f ic ia l  

method by which -G .  -a .  williamsoni i s  recognized. As would be expected, in 

order t o  distinguish subspecies several individuals must be examined. 

"G.- -a .  williamsoni i s  readily distinguished from the other two subspecies 

on the basis of la te ra l  plate counts alone, provided tha t  10 to 15 morpho- 

logically mature ( i . e . ,  a t  leas t  25mm standard length (SL), Hagen and McPhail, 



1970) specimens a r e  a v a i l a b l e "  (Recovery Plan, 1977).  Hagen and McPhail 

(1970) s t a t e  t h a t  l a t e r a l  p l a t e  development i s  complete by 25mm (SL) b u t  

t h a t  counts  on f i s h  below 30mm (SL) a r e  n o t  accu ra te  un less  t h e  specimens 

a r e  s t a i n e d  w i t h  A l i z a r i n .  "Samples o f  5. 5. w i l l i a m s o n i  g e n e r a l l y  have 

an average of 0.06-0.55 l a t e r a l  p l a t e s  per  i n d i v i d u a l  and -G. -a. microcephalus 

has an average of more t han  s i x  l a t e r a l  p l a t e s  p e r  i n d i v i d u a l  ( B e l l ,  1976)" 

(Recovery Plan, 1977). However, a  memoranduni ( da ted  1  February,  1978) 

from a  meet ing  of t h e  Recovery Team on 27 January, 1978, p rov ides  t h e  

f o l l o w i n g  amended d e f i n i t i o n  of  -G.. -a. w i l l  iamsoni :  " .  . . a sample o f  50 

specimens 25mm (SL) o r  more must be used, t h e y  must average 2 u l a t e s  

( b o t h  s i des  counted)  o r  l e s s ,  and/or  a t  l e a s t  50% o f  t h e  specimens must 

be p l a t e l e s s . "  The l a t e s t  Recovery P lan  (1985) i n c l u d e s  a  d i agnos i s  

s i m i l a r  t o  t h e  one con ta ined  i n  t h e  1977 Recovery P lan .  There a re ,  

however, two c r i t i c a l  r e v i s i o n s  i n  t h e  1985 d e f i n i t i o n :  ( 1 )  25 specimens 

must be examined and ( 2 )  m o r p h o l o g i c a l l y  mature i s  d e f i n e d  as a t  l e a s t  32mm 

(SL) . c i t i n g  B e l l  (1981 ).  No s ta tement  r e g a r d i n g  t h e  percentage o f  t h e  

p o p u l a t i o n  t h a t  must be unarmored i s  i n c l u d e d  and samples o f  -G. a. w i l l i a m s o n i  

a r e  cons idered  t o  " g e n e r a l l y  average 0.06 t o  0.55 l a t e r a l  p l a t e s  pe r  

i n d i v i d u a l "  as i n  t h e  1977 Recovery Plan. Therefore,  t h e  average number of 

l a t e r a l  p l a t e s  p e r  i n d i v i d u a l  i s  t h e  most c o n s i s t e n t  r e c o g n i t i o n  c r i t e r i o n ;  

w h i l e  sample s i z e ,  specimen s i z e  and pe rcen t  o f  i n d i v i d u a l s  unarmored a r e  

v a r i a b l e  cons ide ra t i ons .  The new s i z e  minimum imposed i n  t h e  1985 Recovery 

P lan  i s  based on B e l l  (1981).  However, on page 70 B e l l  (1981) s ta tes ,  " I n  

a d d i t i o n ,  p l a t e  number s tops  i n c r e a s i n g  i n  l o w  morph specimens a t  about  

21.5mm s tandard  l e n g t h  compared t o  about  30.3mm i n  complete morphs." Thus 

counts  on specimens o f  -G. a. microcephalus and 5. a. w i l l i a m s o n i  g r e a t e r  



than  22mm (SL) would produce accu ra te  counts  p rov ided  specimens under 

30mm (SL) were s t a i n e d  w i t h  A l i z a r i n  Red S. The sample s i z e  cons ide r -  

a t i o n  can be s imp l y  s ta ted :  t h e  l a r g e r  t h e  sample s i z e  t h e  more accu ra te  

t h e  e s t i m a t i o n  of average p l a t e  coun t  per  i n d i v i d u a l ,  b u t  t h e  1985 Recovery 

P lan  p rov ides  a  minimum sample s i z e  o f  25 specimens. The percentage o f  

unarmored f i s h  i n  t h e  p o p u l a t i o n  i s  h i g h l y  c o r r e l a t e d  w i t h  number o f  

l a t e r a l  p l a t e s  per  i n d i v i d u a l  and would thus  r e f l e c t  s i m i l a r  t rends .  

The da ta  s u p p l i e d  here  conform t o  most o f  t h e  requi rements p r e v i o u s l y  

s t i p u l a t e d ;  excep t ions  w i l l  be no ted  as i s  app rop r i a te .  

Base l i ne  l a t e r a l  p l a t e  da ta  f o r  t h e  e n t i r e  Santa C la ra  R i ve r  system 

a r e  pub1 i shed  i n  B e l l  ' s  (1976) d i s s e r t a t i o n  and presented i n  Appendix 3. 

These a r e  s i m i l a r  t o  those  s u p p l i e d  i n  a  C a l i f o r n i a  Department o f  F i s h  and 

Game unpubl ished r e p o r t  f o r  c o n t r a c t  No. AB-23 (Be1 1  , 1975) .  A1 1  c o l l  e c t i o n s  

were made i n  1975. The l a t e r a l  p l a t e  counts  were made on specimens g r e a t e r  

t han  25mm (SL) and t h e r e f o r e  do n o t  t e c h n i c a l  l y  conform t o  t h e  l a t e s t  

d i agnos i s .  However, as p r e v i o u s l y  i n d i c a t e d ,  t h e  l e n g t h  requ i rement  i n  

t h e  r e v i s e d  Recovery P lan  i s  a p p a r e n t l y  i n  e r r o r .  F i g u r e  3  shows t h e  

percentage o f  unp la ted  f i s h  i n  B e l l ' s  samples and F i g u r e  4 shows t h e  

average number o f  l a t e r a l  p l a t e s  pe r  f i s h  i n  t h e  same samples graphed 

a g a i n s t  d i s t a n c e  upstream i n  t h e  Santa C la ra  R iver .  Be1 1  ' s  (1  976) da ta  

i n d i c a t e  t h a t  t h e  va lues  (pe rcen t  unarmored f i s h  per  sample and number o f  

1a t e r a l  p l a t e s  per  f i s h )  f o r  t h e  Santa C la ra  R i v e r  samples ad jacen t  t o  

t r i b u t a r i e s  a r e  i n d i c a t i v e  o f  t h e  va lues  i n  t h e  t r i b u t a r i e s .  The da ta  

show t h a t  -G. -a. w i l l i a m s o n i  i s  P r i m a r i l y  r e s t r i c t e d  t o  t h e  upper Santa 

C la ra  w h i l e  -G; -a. microcephalus occurs i n  Sespe Creek and dominates down- 

s t ream popu la t i ons .  Gene f l o w  between t h e  two subspecies c rea tes  c l i n a l  



v a r i a t i o n  i n  l a t e r a l  p l a t e  count values i n  t h e  Santa Clara R ive r  (see 

Figures 3 and 4) .  G. a. w i l l i a m s o n i  dominates the  Santa C lara  dra inage 

and i t s  t r i b u t a r i e s  f rom j u s t  downstream of t h e  Del V a l l e  se t t l emen t  

near t h e  county l i n e  upstream t o  t h e  headwaters o f  t h e  Santa C lara  R iver  

and a l l  t r i b u t a r i e s  upstream o f  t h i s  area i n  which s t i c k l e b a c k s  a r e  

found. Be1 1  ( 1  975, 1976) concluded t h a t  these morphol og i c  da ta  suggest 

Ao n l y  a  low l e v e l  o f  gene f l o w  from -G. a. microcephalus t o  -G. -a. w i l l i a m s o n i  

i n  t h e  upstream p o r t i o n  o f  t h e  r i v e r  and hypothesizes t h a t  t h i s  gene f l o w  

occurs a t  a  low l e v e l  p r i m a r i l y  because o f  l ong  s t re t ches  of u n s u i t a b l e  

h a b i t a t  o r  seasona l ly  d r y  s t re t ches  i n  t h e  r i v e r .  

The p a t t e r n  o f  l a t e r a l  p l a t e  counts and conclus ions descr ibed by 

B e l l  (1975, 1976) were used t o  w r i t e  t h e  1977 Recovery Plan and were no t  

s i g n i f i c a n t l y  m o d i f i e d  i n  t he  r e v i s e d  1985 vers ion .  

F igures 3 and 4  a l s o  show data  p o i n t s  f rom t h i s  study, i n  a d d i t i o n  t o  

Be1 1  ' s  ( 1  976) data.  I t  i s  i r r~por tan t  t o  recognize t h a t  t h e  more r e c e n t l y  

c o l l e c t e d  data  (Table 1 )  a re  c o n s i s t e n t  w i t h  t h e  p a t t e r n  o f  l a t e r a l  p l a t e  

d i s t r i b u t i o n  d iscerned by B e l l  (1976). As a  r e s u l t ,  B e l l ' s  conc lus ion  

t h a t  o n l y  l ow  l e v e l s  o f  gene f l o w  e x i s t  between t h e  two subspecies i s  

r e i n f o r c e d  because t h e  system has remained s t a b l e  over t h e  12 years  s ince  

B e l l ' s  work. Th i s  a l s o  means t h a t  popu la t ions  upstream o f  P i r u  Creek are  

s t i l l  dominated by t h e  unplated form, 5. a. w i l l i a m s o n i .  



K i 1ometers upstream from t h e  mouth 
of t h e  Santa Clara R i v e r  

F igure  3. 	 Graph o f  t h e  percentage o f  unp la ted  f i s h  versus d i s tance  upstream 
i n  t h e  Santa C la ra  R iver .  Data c a l c u l a t e d  f rom B e l l  (1976) a r e  
graphed as a s e r i e s  o f  connected s o l i d  po in t s ,  w h i l e  t h e  more 
r e c e n t  da ta  from Table 1 a r e  graphed as open c i r c l e s .  



la> 
.r 
cc 

10.0-

9.0-

8.0-

go
aJ 
L 
0 

a~ 
n 

Zo
V) 

7.0-
V)
aJ 

-
6.0-

m 

."-
5.0-

"-

W 
n r 

m 
aJr 

4.0-

3.0. 

2.0-

Y 
waJ 
L 
0 

Y 
01 o 
Q) t'L -7 

0 3 
0-

U V) 
.r .r 

m U
t ' t  
V) 5 
m L 
0 LL 

1.o-

0 w 

I 1 I I 1 I I I I 
Kilometers upstream from t h e  mouth 
of t h e  Santa Clara River 

Figure 4. Graph of t h e  mean number of l a t e r a l  p l a t e s  per f i s h  versus 
d i s t ance  (km) upstream in  the  Santa Clara River. Data 
ca l cu la t ed  from Bell (1976) a r e  graphed a s  a s e r i e s  of connected 
s o l i d  po in t s ,  while t h e  more recent  da ta  from Table 1 a r e  graphed 
a s  open c i r c l e s .  





ELECTROPHORETIC DATA 

E l e c t r o p h o r e t i c  analyses o f  a l lozyme v a r i a t i o n  have been successfu l  

i n  c l a r i f y i n g  many i n t r a s p e c i f i c  systemat ic  problems. I n  t h e  e a r l y  1980's 

t h i s  techn ique  was f i n a l l y  a p p l i e d  t o  t he  s tudy  of -G. -a. w i l l i a n s o n i .  

Buth (1  984) analyzed sarnpl es f rom n i n e  southern Cal i f o r n i a  r i v e r  drainages, 

i n c l u d i n g  a s e r i e s  o f  samples f rom t h e  Santa C la ra  R i ve r  dra inage.  I n  a  

separate p u b l i c a t i o n ,  two o f  t h e  Santa C la ra  R i v e r  samples were used t o  

compare -G. -a. w i l l i a rnson i  and -G. -a. microcephalus (Bu th  e t  a l ,  1984). 

Together these two s t u d i e s  c o n t a i n  f o u r  ve ry  impo r tan t  conc lus ions :  

1 ) .  	Buth (1984) and Buth e t  a1 (1984) bo th  conclude t h a t  -G. -a. 
w i l l i a m s o n i  i s  g e n e t i c a l l y  d i f f e r e n t i a t e d  f rom -G. -a. 
microcephalus and wor thy o f  s u b s p e c i f i c  s t a t u s .  

2 ) .  	The a1 lozyme da ta  f rom Buth e t  a1 (1984) suppor t  t h e  conc lus ion,  
o f  r e s t r i c t e d  gene f l o w  between t h e  subspecies, t h a t  B e l l  
(1 976) reached based on l a t e r a l  p l a t e  data.  

3 ) .  	Buth (1984) showed t h a t  t h e  unp la ted  p o p u l a t i o n  o f  s t i c k l e b a c k s  
from San Anton io  Creek, Santa Barbara County, i s  n o t  
-G. a. w i l l i a m s o n i  b u t  i s  a c t u a l l y  an unusual popu la t i on  
of c. a. microcephalus t h a t  has converged on t h e  p l a t e l e s s  
conai tTon o f  G.  a. w i l l i a m s o n i .  When pub l i shed  i n  a  peer 
reviewed j o u r n a l t h e s e  da ta  w i l l  r e s u l t  i n  t h e  de l  i s t i n g  
o f  t h e  San Antonio Creek popu la t i on .  

4). 	 The above conc lus ion  c a l l s  i n t o  ques t i on  t h e  use o f  l a t e r a l  
p l a t e  counts  as t h e  d i a g n o s t i c  c h a r a c t e r i s t i c  of G. a. 
w i l1 iarnsoni .  Buth (1984) and Buth e t  a1 (1984) p r cv i ae  
al lozyme da ta  which can be used t o  recogn ize  -G. -a. w i l l i a m s o n i .  

Buth (1984) surveyed 45 presumpt ive l o c i  (see Appendix 4 ) .  S ix  o f  

t he  l o c i  surveyed were po lymorphic  i n  t h e  Santa C la ra  R i ve r  dra inage and 

thus  p o t e n t i a l l y  p rov ide  i n f o r m a t i o n  t h a t  may be used t o  recogn ize  -G. -a. 

w i l l i a m s o n i .  Bu th ' s  (1984) da ta  a l s o  serves as base l i ne  da ta  f rom samples 

c o l l e c t e d  i n  1982 (see Table 2a ) .  Table 2b proMides da ta  froni samples 

c o l l e c t e d  and analyzed i n  1987 and 1988. C l e a r l y  t h e  two s e t s  o f  da ta  a r e  



very  s i m i l a r  and l i t t l e  change has occur red  i n  t he  5 t o  6 years  between 

sampling. It i s  a l s o  obv ious t h a t  c e r t a i n  l o c i  p rov ide  more i n f o r m a t i o n  

than o thers .  Each l ocus  i s  b r i e f l y  d iscussed below. 

S-Acon-A ( A c o n i t a t e  hydra tase) .  Th is  system does n o t  p rov ide  
any u s e f u l  i n f o r m a t i o n .  The polymorphism i s  due t o  t h e  
appearance o f  a r a r e  a l l e l e  i n  t h e  1982 Sespe Creek sample 
(Buth)  which was n o t  p resen t  i n  e i t h e r  l i t e r  Sespe Creek 
sample. 

Ada-A (Adenosine dearninase). I n  t h i s  svstem, G. a. 
microcephalus i s  f i x e d  f o r .  t h e  100 a1 l e l e  whi ie-two o t h e r  
a l l e l e s  a r e  found i n  6. a. w i l l i a m s o n i  o f  t h e  upper Santa 
C la ra  R i ve r .  However, t 6 e  non-100 a l l e l e s  a r e  absent f rom 
San F r a n c i s q u i t o  Creek. Therefore t h e  presence o f  non-100 
a l l e l e s  can be used t o  recogn ize  -G. -a. w i l l i a m s o n i  b u t  t h e i r  
absence i s  un in fo rma t i ve .  

Est-5 (Es te rase)  . T h i s  l ocus  i s  use fu l  . G. a .  w i l l  iamsoni 
i s  f i x e d  f o r  t h e  100 a l l e l e  w h i l e  -G. -a. m i ~ r o ~ e p h a l u si s  
dominated by a non-100 a l l e l e .  

Iddh-A ( L - i d i  t o1  dehydrogenase) . Here aga in  G. a. w i l l  iamsoni 
i s  f i x e d  f o r  one a l l e l e  (100 a l l e l e )  w h i l e  i n6 . -a .  - - microcephalus 
another  a l l e l e  occurs a t  r e l a t i v e l y  h i g h  f requenc ies .  

Pgm-A (P hosphogl ucomutase ) . The f requenc ies  o f  t h e  two a1 1 e l  es 
a t  t h i s  l ocus  do n o t  d i f f e r e n t i a t e  t h e  two subspecies. 

Pnp-A (Pur ine-nuc leos ide  phosphoryl  ase) . A t  t h i s  l ocus  t h e r e  
i s  a tendency f o r  G. 5. w i l l i a m s o n i  popu la t i ons  t o  have h ighe r  
f requenc ies  of t h e 7  00 a1 l e l e  than  6. a. microcephal us popula-
t i o n s .  Bu t  t h e  subspecies a r e  more c l e a r l y  recognized by t h e  
l o c i  where one o f  t h e  subspecies show f i x a t i o n .  

Thus i t  can be seen t h a t  Ada-A, Es t -5  and Iddh-A most r e a d i l y  d i f f e r e n t i a t e  

t he  two subspecies because i n  each case one subspecies i s  f i x e d  f o r  an 

a l l e l e  w h i l e  t h e  o t h e r  subspecies i s  polymorphic.  Th i s  p a t t e r n  o f  a l l e l i c  

d i f f e r e n t i a t i o n  i n d i c a t e s  a l a c k  o f  panmixis and r e s t r i c t e d  gene f l o w  

between t h e  subspecies. The a l lozyme da ta  show t h e  same p a t t e r n  o f  

c l  i n a l  v a r i a t i o n  as was seen i n  t h e  l a t e r a l  p l a t e  da ta  (Be1 1 , 1976), 

(see F igu re  5 ) .  The c l i n e  i s  v e r y  s teep i n  t h e  stream s e c t i o n  around P i r u  



Creek. As in the lateral plate data, the steepness of the cline 

indicates restricted gene flow between the upper and lower Santa 

Clara River. The allozyme data are also concordant with the lateral 

plate data in that both show that the drainage upstream of the Del 

Valle area is dominated by -G. -a. williamsoni. 



TABLE 2a. Allele frequencies of the polymorphic loci in the Santa Clara 
River 

Locus Alleles Sespe 
creek 

C0unt.y 
~i ne-

Buth et a1 (198.4) 
San Francisquito 

Creek 
Acton 
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Distance upstream i n  the  Santa Clara River 

FIGURE 5. 	 Graphs of the  frequency of the  100 a l l e l e  f o r  th ree  l oc i  
(Ada-A, Est-5 and Iddh-A) . For values from t r i b u t a r i e s  , 
the  upstream dis tance graphed i s  the  dis tance from the  
mouth of the  Santa Clara River t o  the  confluence w i t h  the  
t r i bu t a ry .  



STATUS OF GASTEROSTEUS ACULEATUS WILLIAMSON1 I N  THE PROJECT AREA 

For t h e  purposes of t h i s  d iscuss ion  t h e  p r o j e c t  area w i l l  be broken 

i n t o  t h r e e  u n i t s ,  each of which w i l l  be t r e a t e d  separa te ly :  (1 ) Casta ic  

Creek, ( 2 )  San F ranc i squ i to  Creek, and (3 )  Santa C lara  R iver .  

I n  t h e  Castaic Creek p r o j e c t  area, sur face f l o w  i s  i n t e r m i t t e n t  from 

I n t e r s t a t e  Highway 5 downstream t o  Highway 126. A t  t h e  lower p a r t  of t h i s  

sec t ion ,  t h e r e  a re  a  f e w  i s o l a t e d  permanent pools.  From Highway 126 

downstream t o  t h e  conf luence w i t h  t h e  Santa Clara R iver  t h e r e  i s  permanent 

surface flow. A l l  su r face  water i n  Casta ic  Creek was surveyed f o r  th ree-  

sp ine  s t i ck lebacks ,  b u t  o n l y  15 specimens of Gasterosteus acu l  eatus were 

c o l l e c t e d .  This  stream s e c t i o n  i s  n o t  h e a v i l y  u t i l i z e d  by s t i ck lebacks .  

The smal l  s t i ck leback  popu la t i on  t h a t  was c o l l e c t e d  i s  dominated by 

-G. -a. w i l l  iamsoni (see Tables 1  and 2b).  However, s t i ck lebacks  may no t  

permanently occupy t h i s  s e c t i o n  of stream; Be1 1  was unable t o  c o l l e c t  a 

san~ple from t h i s  area i n  1975. Upstream o f  t h e  p r o j e c t  area, t h e r e  i s  

u s u a l l y  no surface f low on t h e  c o r r e c t i o n a l  f a c i l i t y  p roper ty ,  b u t  

permanent water i s  found below t h e  Castaic dam s p i l l w a y  and f o r  a  s h o r t  

d i s tance  downstream. I n  1975, B e l l  found a l a r g e  s t i c k l e b a c k  popu la t ion  

( l o c a l i t y  45) dominated by 6. a. wi l l i amson i ,  b u t  no s t i ck lebacks  were 

found i n  t h i s  area i n  1988. 

San F ranc i squ i to  Creek i s  d r y  from above t h e  Angeles Nat iona l  Fores t  

boundary downstream i n t o  t h e  p r o j e c t  area. I n c i d e n t a l  water from a 

vegetable packing p l a n t  i n i t i a t e s  sur face f l o w  approximate ly  0.4 km 

upstream o f  t h e  confluence w i t h  t h e  Santa C lara  R iver .  The water q u a l i t y  

appears poor and the re  a r e  no aqua t i c  animals i n  t h e  f low. Near t h e  



confluence t h e r e  i s  h a b i t a t  t h a t  appears s u i  tab1 e  f o r  s t i c k 1  ebacks b u t  

no f i s h  were found. Gasterosteus does n o t  occur i n  t h e  San F ranc i squ i to  

Creek p r o j e c t  area. Upstream o f  t h e  d r y  area, s t i ck lebacks  a re  abundant 

where B e l l  c o l l e c t e d  s t i ck lebacks  i n  1975 ( l o c a l i t y  46 ) .  This  i s  

apparent ly  t h e  most downstream l o c a l i t y  o f  s t i ck lebacks  i n  t h e  San 

F ranc i squ i to  drainage; i t  i s  over  10 km upstream o f  t h e  conf luence w i t h  

t h e  Santa C lara  R iver .  

The Santa C lara  R ive r  f rom t h e  Del V a l l e  essen t i a l  h a b i t a t  upstream 

i n t o  t h e  p r o j e c t  area has permanent surface f low,  a l though f l o w  i s  

minimal above McBean Parkway and 1  i t t l e  t o  no s u i t a b l e  s t i c k l e b a c k  h a b i t a t  

e x i s t s  i n  t h i s  upstream area. There i s  no surface f l o w  upstream o f  t h e  

p r o j e c t  area u n t i  1  t h e  Sol edad Canyon essen t i a l  h a b i t a t .  S t i c k l  ebacks 

a re  found from McBean Parkway downstream. The s t i ck lebacks  i n  t h i s  area 

a r e  predominant ly -G. -a. w i l l i a m s o n i  (see Tables 1  and 2b) .  I n  t h i s  area 

t h e  r i v e r  has many channel s, i s01  a ted  s t re t ches  and pool s. S t i c k l  ebacks 

a r e  found wherever t h e  h a b i t a t  i s  s u i t a b l e .  S t ick lebacks  were p a r t i c u l a r l y  

abundant i n  some o f  t h e  i s o l a t e d  s t re t ches  and pools. S t ick lebacks  were 

uncommon and sca t te red  i n  t h e  main channel due t o  t h e  l a c k  o f  s u i t a b l e  

h a b i t a t  ( h i g h  f l ows )  a t  t h e  t ime  of t h e  survey. 

When s t i ck lebacks  a r e  found i n  t h e  p r o j e c t  area, t h e  popu la t ions  a r e  

dominated by t h e  endangered subspecies 6. a. w i 11 iamsoni . However, 

s i g n i f i c a n t  numbers o f  s t i ck lebacks  a r e  found o n l y  i n  t h e  Santa C lara  

R iver .  S t ick lebacks  a r e  absent f rom San F ranc i squ i to  Creek and a r e  now 

r a r e  t o  absent i n  Casta ic  Creek. Furthermore, based on t h e i r  r a r i t y  and 

B e l l ' s  i n a b i l i t y  t o  l o c a t e  s t i c k l e b a c k s  i n  lower Casta ic  Creek i n  1975, 

i t  i s  p o s s i b l e  t h a t  t h i s  stream s e c t i o n  i s  no t  r e g u l a r l y  used by s t i c k l e -  



backs. Therefore, o n l y  t h e  Santa Clara R ive r  downstream o f  McBean 

Parkway prov ides impor tan t  h a b i t a t  f o r  t h e  endangered unarmored th ree-  

sp ine s t i c k l e b a c k  w i t h i n  t h e  p r o j e c t  area. 



-G. -a .  williamsoni 

-G .  -a .  rnicrocephalus 

-G .  -a .  aculeatus  



APPENDIX 2 

Appendix A (pages 68 and 69) f r om t h e  1985 r e v i s e d  Unarmored 

Threespine S t i c k l e b a c k  Recovery Plan.  The e s s e n t i a l  h a b i t a t  

(proposed c r i t i c a l  h a b i t a t )  f o r  Gasterosteus acu lea tus  w i l l  iamsoni . 



APPENDIX A 

Essent ia l  h a b i t a t  f o r  the  unarmored threes p ine  s t ick leback  i n  
Los Angel es County, C a l i f o r n i a .  

Del Valle, San Francisquito Canyon and Soledad Canyon Zones 


Los Angeles County, CALIFORNIA 



D e s c r i p t i o n  o f  t he  t h r e e  zones o f  essen t i a l  h a b i t a t  f o r  t h e  u n a n o r e d  
th reesp ine  s t i c k l e b a c k  i n  Los Angeles County. 

1. 	 Del Val l e  zone. An area of 1  and and water  w i t h  . the f o l  lowing 
components (San Bernardino mer id ian) :  Santa C lara  R ive r  
w i t h i n  T4N, R16W and R17W, beginning a t  i t s  conf luence w i t h  
San Mar t inez  Grande Canyon, a t  a  p o i n t  0.9 o f  a  m i l e  (1.5 
k i l ome te rs )  southwest o f  Del Val l e  set t lement ,  and extending 
upstream approx imate ly  5.6 m i l e s  (8.8 k i l ome te rs )  t o  t h e  
overcross i n g  o f  I n t e r s t a t e  Highway 5. 

2. 	 San F r a n c i s q u i t o  Canyon zone. An area o f  l and  and water w i t h  
t h e  f o l  low inq components (San Bernardino mer id ian) :  San 
~ r a n c i s ~ u i t o - c a n y o n  w i t h i n  T5N,.~16W.and T6N, watercourse, 
R lSW,  beg inn ing  a t  a  p o i n t  where the  Angeles Nat iona l  Fo res t  
boundary i n t e r s e c t s  t h e  San F r a n c i s q u i t o  Canyon watercourse 
approximate1y 2% m i 1  es southwest of San Franc i  squi  t o  
Powerhouse No. 2, and extending upstream i n  San F r a n c i s q u i t o  
Canyon approx imate ly  8.4 m i l es  (13.5 k i  1  ometers) t o  San 
F ranc i squ i to  Powerhouse No. 1, near i t s  j u n c t i o n  w i t h  
C l  earwa t e r  Canyon. 

3. 	 Soledad Canyon zone. An area o f  l a n d  and water  i n  Los Angeles 
County, w i t h  t h e  f o l l o w i n g  components (San Bernardino 
mer id ian) :  Santa C lara  ~ i v e r  w i t h i n  T4N, R13W and R14\l, 
beginning a t  a  p o i n t  1.4 m i l e s  (2.3 k i l ome te rs )  upstream i n  
Soledad Canyon f rom t h e  community o f  Lang, a t  t h e  downstream 
end of t h e  area c a l l e d  R ive r ' s  End Park, a t  34" 26' 7" N, 118" 
21' 51" W ,  thence extending upstream approx imate ly  8.5 m i l e s  
(13.7 k i l ome te rs )  t o  i t s  conf luence w i t h  A r r a s t r e  Canyon, a t  a  
p o i n t  l o c a t e d  about 0.6 of a  m i l e  ( 1  k i l o m e t e r )  southwest of 
Los Angel es County Rehabi 1  it a t i o n  Camp, thence upstream i n  
A r r a s t r e  Canyon approximate ly  0.8 o f  a  m i l e  (1.4 k i l ome te rs )  
t o  34" 26 '  7" N, 118" 11' 51" W .  





B. fable 1. L a t e r a l  p l a t c  counts i n  t h e  Santa C l a r n  IUvcr s y s t e m .  

SPATION LATERAL PLATES 



C .  Calculations from Bell 's (1976) d a t a .  

sample kilometers percentage of mean number of 
number upstream unplated fish plates per fish 

Santa Clara River 



Todd Barranca ( a t  17.3km) 

Sespe Creek ( a t  35.3km) 

P i r u  Creek ( a t  51.8km) 

Cas ta i c  Creek ( a t  69.8km) 

San F r a n c i s q u i t o  Creek ( a t  75.4km) 



APPENDIX 4 

Table 1 from B u t h  e t  a1 (1984) showing t h e  enzyme systems 

surveyed i n  -G. -a .  williamsoni and -G .  -a .  rnicrocephalus from t h e  

Santa Clara River. 



TABLE 1. ENZYME SYSTEMS EXAMINED AND ELECTROPHORETIC CONDITIONS EMPLOYED 

Enzyme Number of 
commission allelic products Tissue Electrophoretic -

Enzyme number LOCUS resolved* source conditionst 

Acid phosphatase 3.1.3.2 AcpA 1 liver A 
Adenosine deaminase 3.5.4.4 Ada-A 3 muscle B 
Adenylate kinase 2.7.4.3 Ak-A 1 muscle C 
Alcohol dehydrogenase 1.1.1.1 Adh-A 1 liver D 
Aminopeptidase 3.4.11.1 AP-A 1 muscle B 
Aspartate aminotransferase (mitochondriall 2.6.1 .I M-Aat-A 1 liver E 
Aspartate aminotransferase (supernatant) 2.6.1.1 S-Aat-A 1 liver E 
Creatine kinase 2.7.3.2 Ck-A 1 muscle D 
Creatine kinase 2.7.3.2 Ck-B 1 brain D 
Dihydrolipoamide reductase 1.6.4.3 Dlr-B 1 brain 8 
Dipeptidase 3.4.13.11 Pept-A 1 muscle D 
Dipeptidase 3.4.13.11 Pept-S 1 muscle D 
Esterase - Est-3 1 brain B 
Esterase Est-4 1 (+I1 brain B 
Esterase - Est-5 2(+11 brain B 
Fructose-bisphosphate 3.1.3.11 FbpA 1 liver D 
Fructose-bisphosphate aldolase 4.1.2.13 Aid-A 1 muscle B 
Fructose-bisphosphate aldolase 4.1.2.13 Ald-B 1 liver B 
Fructose-bisphosphate aldolase 4.1.2.13 Ald-C 1 brain B 
Fumarate hydratase 4.2.1.2 FumA 1 liver B 
Glucose dehydrogenase 1.1.1.47 Gcdh-A 1 liver B 
Glucosephosphate isomerase 5.3.1.9 Gpi-A 1 muscle F 
Glucosephosphate isomerase 5.3.1.9 Gpi-B 1 muscle F 
Glucose-&phosphate dehydrogenase 1.1.1.49 G-Bpdh-A 1 muscle B 
Glutamate dehydrogenase 1.4.1.2 Gdh-A 1 liver B 
Glyceraldehyde-phosphatedehydrogenase 1.2.1.12 Gapdh-A 1 muscle D 
Glycerol->phosphate dehydrogenase 1.1.1.8 G-3-pdh-A 1 muscle C 
Glycerol->phosphate dehydrogenase 1.1.1.8 G-3pdh-B 1 liver A 
L-lditol (sorbitol) dehydrogenase 1.1.1.14 Iddh-A 2 liver D 
lsocitrate dehydrogenase Imitochondrial) 1.1.1.42 M-lcdh-A 1 muscle, liver B 
lsocitrate dehydrogenase (supernatant) 1.1.1.42 S-lcdh-A 2 liver, muscle B 
Lactate dehydrogenase 1.1.1.27 Ldh-A 1 muscle F 
Lactate dehydrogenase 1.1.1.27 Ldh-B 1 heart F 
Lactate dehvdrogenase 1.1.1.27 Ldh-C 1 eye F 
Malate dehydrogenase (NAD; mitochondriall 1.1 .I .37 M-Mdh-A 1 muscle E 
Malate dehydrogenase (NAD; supernatant) 1.1.1.37 S-Mdh-A 1 muscle E 
Malate dehydrogenase INAD; supernatant) 1.1.1.37 S-Mdh-B 1 muscle E 
Malate dehydrogenase (NADP; mitochondriall 1 . l .  1.40 M-Me-A 1 muscle E 
Mannosephosphate isomerase 5.3.1.8 Mpi-A 1 muscle F 
Phosphoglucomutase 2.7.5.1 P g m  A 2 muscle F 
Phosphogluconate dehydrogenase 1.1.1.44 Pgdh-A 1 liver D 
Purine-nucleoside phosphorylase 2.4.2.1 Pnp-A 2 muscle E 
Pyruvate kinase 2.7.1.40 Pk-A 1 muscle E 
Superoxide dismutase (supernatant) 1.15.1.1 S-Sod-A 1 liver D 
Xanthine dehydrogenase 1.2.1.37 Xdh-A 1 liver D 

'The number of allelic products resolved are those appearing in the initial comparison of 20 specimens per subspecies. The numbers of 
additional products resolved when Ihe sampling was increased to 50 specimens per subspecies are shown in parentheses. 

$A, Citrate pH 7.0 (131 5.5 Vlcm for 6 hr: B. phosphateeitrate pH 7.0 (141 4.4 Vlcrn for 9 hr; C. citrate pH 8.0 1131 5.5 Vlcm for 6 hr; 
D, Tris-citrate pH 8.0 [l4] 6 Vlcm for 8 hr; E. Tris-citrate pH 7.0 115) 5 Vlcm for 24 hr; F. 'Poulik' system 114) 11 Vlcm for 5 hr. 



APPENDIX 5 


Allele frequencies of the five polymorphic loci in -G. -a. 

microcephalus and -G. a. williamsoni. Modified from Buth et a1 

(1 984). 




A1 1 e l  e f requenc ies  

Locus A1 l e l e s  G. a. G. a. 
rnicr?kephal us w i i l  iamsoni 



LITERATURE CITED 


Baskin, J.N. and M.A. B e l l .  1976. Unarmored t h reesp ine  s t i c k l e b a c k  
survey and r e p o r t .  Report  f o r  t h e  U.S. Dept. Agr. Fores t  Serv ice  
Cont rac t  No. 39-5495. 

B e l l ,  M.A. 1975. The d i s t r i b u t i o n  and sys temat ics  o f  t h e  unarmored 
t h reesp ine  s t i c k l eback ,  Gasterosteus acu lea tus  w i l l i a m s o n i  
(G i ra rd ) ,  i n  t h e  Santa C la ra  R i ve r  system. Unpubl . Report, 
C a l i f o r n i a  Dept. o f  F i s h  and Game Cont rac t  No. AB-23. 

B e l l ,  M.A. 1976. The e v o l u t i o n  o f  p h e n o t v ~ i c  d i v e r s i t y  i n  t h reesp ine  
s t i c k l e b a c k s  (Gasterosteus a c u l e a t u i j .  Ph.D. ~ h & i s ,  Univ.  ' 

C a l i f o r n i a ,  Los Angeles, x v i i i + l 9 2 p .  

Be1 1  , M.A. 1981. L a t e r a l  p l a t e  polymorphism and ontogeny o f  t h e  complete 
morph of t h reesp ine  s t i c k l e b a c k s  (Gasterosteus acu lea tus ) .  E v o l u t i o n  
35: 67-74. 

B e l l ,  M.A. and T.R. Haglund. 1978. S e l e c t i v e  p reda t i on  o f  t h reesp ine  
s t i c k l e b a c k s  (Gasterosteus acu lea tus )  by g a r t e r  snakes. E v o l u t i o n  
32: 304-31 9. 

Buthy D.G. 1984. Genet ic  a f f i n i t i e s  o f  southern C a l i f o r n i a  f reshwater  
popu la t i ons  o f  Gasterosteus acu lea tus  w i t h  spec ia l  r e fe rence  
t o  Gasterosteus acu lea tus  w i l l  ianisoni . Unpubl . Report, U.S. Fores t  
Se rv i ce  Cont rac t  No. 40-9lT5 0  974. 

Buthy D.G.3 C.B. Crabtree, R.D. Or ton and W.J. Rainboth.  1984. Genet ic 
d i f f e r e n t i a t i o n  between t h e  f reshwater  subspecies o f  Gasterosteus 
acu lea tus  (Gasteroste i formes:  Gas te ros te idae)  i n  southern C a l i f o r n i a .  
Biochem. Syst. Ecol .  12:423-432. 

Culver,  G.B. and C.L. Hubbs. 1917. The f i s h e s  of  t h e  Santa Ana system of 
streams i n  southern C a l i f o r n i a .  Lo rqu in i a  1:82-83. 

G i ra rd ,  C. 1854. Desc r i p t i ons  o f  new f i s h e s ,  c o l l e c t e d  by Dr. A.L. Heermann, 
n a t u r a l i s t  a t tached  t o  t h e  survey o f  t h e  p a c i f i c  r a i l r o a d  rou te ,  under 
L i e u t .  R.S. Wi l l iamson, U.S.A. Proc. Acad. Na tu r .  Sc i .  Ph i l ade lph ia  
7:129-140. 

Hagen, D.W. and J.D. McPhail.  1970. The species problem w i t h i n  Gasterosteus 
acu lea tus  on t h e  P a c i f i c  coas t  o f  No r th  America. J. F ish .  Res. Board 
Can. 27:147-155. 

Haglund, T.R. and D.G. Buth.  1988. Allozymes of t h e  unarmored th reesp ine  
s t i c k l e b a c k  (Gasterosteus acu lea tus  w i l l i a m s o n i )  and i d e n t i f i c a t i o n  
o f  t h e  Shay Creek popu la t i on .  Isozyme B u l l .  21:196. 



Jordan, D.S. and C.L. Hubbs. 1925. Record o f  f i s h e s  obtained by David 
S t a r r  Jordan i n  Japan, 1922. Mem. Carnegie Mus. 10:93-346. 

M i l l e r ,  R.R. 1960. The type l o c a l i t y  of Gasterosteus aculeatus w i l l i amson i  
and i t s  s i g n i f i c a n c e  i n  t h e  taxonomy o f  C a l i f o r n i a  s t i ck lebacks .  
Copeia 1960:348-350. 

M i l l e r ,  R.R. 1961. Man and the  changing f i s h  fauna o f  t h e  American 
Southwest. Pap. Mich. Acad. Sci., Ar ts ,  L e t t .  1960, 46:365-404. 

M i l l e r ,  R.R. and C.L. Hubbs. 1969. Systematics o f  Gasterosteus aculeatus, 
w i t h  p a r t i c u l a r  re fe rence t o  i n t e r g r a d a t i o n  and i n t rog ress ion  along 
the  P a c i f i c  coast  o f  Nor th  America: A commentary on a recent  
con t r i bu t i on .  Copeia 1969: 52-69. 

Regan, C.T. 1909. The species o f  three-spined s t i c k 1  ebacks (Gasterosteus) . 
Ann. Mag. Nat. His t . ,  Ser. 8, 4:435-437. 

U.S. 	 F i sh  and W i l d l i f e  Service. 1977. Unarmored threespine s t i ck leback  
recovery p lan.  U.S. F i sh  and W i l d l i f e  Service, Port land, Oregon. 
60p. 

U.S. 	 F ish  and W i l d l i f e  Service. 1985. Unarmored threespine s t i ck leback  
recovery p lan  ( rev ised) .  U.S. F i sh  and W i l d l i f e  Service, Por t land,  
Oregon. 80p. 




