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LONG-TERM  FLUCTUATIONS  OF  AN  ISOL.\TED  POPULATION
OF  THE  PACIFIC  CHORUS  FROG  PSEUDACRIS  REGILLA)

IN  NORTHWESTERN  NE\ADA

Norman H. WeitzeP and Howard R. Panik-

-\BSTR.^CT. — In S0% of the years between 1975 and 19S9 chorus fix>es were able to produce offspring that completed
metamorphosis and became members of the next generation. During 3 of these 15 years 1975. 19S3. and 19S6i. floods
annihilated chorus frogs in the breeding pond. Between 1905 and 19S9 this geographicalK isolated peculation of
Pseudacris regilla. the Pacific chorus frog, located at the western edge of the Great Basin in northwestern Ne>ada.
bec-ame reestablished after 10 natural physical disturbanc-es including spring flash floods, numerous Idll-offs b> sudden
drastic rises in uater temperature, and stream dr\-ups. Ninet\ perce-nt of the frogs in this population were shades of
green with black dorsal speckles and e>estrip<5 Predat-r; ^vptc the belted kinsfisher ^Megaceryle alcyoni. western ter-
restrial  garter  snake  Thamnophis  elegam,  .'  Felix  domestica).
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Pseudacris  regilla  •=  Hyla  regilla  .  the
Pacific  chorus  fi'og,  is  one  of  the  most  abun-
dant  and  widespread  amphibians  in  the  north-
western  Nevada  portion  of  the  Great  Basin.
Yet.  no  studies  ha\e  been  published  on  the
chorus  frog  in  this  geographical  area.  Test
1S9S.  Van  Denburgh  and  Slexin  '192L.  and

Cowles  and  Bogert  1936  reported  that  cho-
rus  frogs  in  southern  Nevada  were  localized
and  not  especially  abundant.  Linsdale  1940'
recorded  P.  regilla  populations  in  southern
Nevada.  Banta  1961  studied  populations  of  P
regilla  along  the  lower  Colorado  River  in
southeastern  Nevada  and  assumed  other
established  populations  were  exterminated  b\
the  rising  waters  of  Lake  Mojave.  Outside  the
Great  Basin.  Brattstrom  and  Warren  '1955
made  obser\ations  on  the  ecologx  and  beha\-
ior  of  the  Pacific  chorus  frog  in  southern  Cali-
fornia.  Jameson  (1956.  1957)  reported  on  the
gro\\"th.  dispersal,  surxival.  population  struc-
ture,  and  homing  responses  of  the  Pacific  cho-
rus  frog  in  the  Willamette  Valley.  Oregon.
Whitne\  and  Krebs  >  1975j  studied  the  spacing
and  calling  in  Pacific  chorus  fi-ogs  at  Marion
Lake.  British  Columbia.  Reynolds  and
Stephens  19S4)  reported  on  multiple  ectopic
limbs  in  a  wild  population  of  P.  regilla  near
Boise. Idaho.

In  recent  years  there  has  been much c-on-
cem  over  the  decline  of  populations  of  many
amphibian  species  'Wake  and  Morowitz
1990  ;  but  as  reported  by  Pechmann  et  al.
1991 1, supporting lon2-term c-ensus data are

generally  unaxailable.  This  paper  reports  data
on  population  fluctuations  from  1905  to  19S9
in  an  isolated population  of  the  Pacific  chorus
frog  in  northwestern  Nevada.  This  study
shows  the  resilience  of  this  species  to  natural
physical  disturbances  and  predation.  In  addi-
tion,  it  shows  that  Pseudacris  populations
show  wider  fluctuations,  this  in  agreement
with  Pechmann  et  al.  1991)  and  Caldwell
1987).  Also,  it  is  in  agreement  with  Bradford

et al. ' 1992 . who reported that P regilla popu-
lations do not appear to be declining.

Study  .\rea

The  study  area  is  a  semipermanent  pond
located 18 km south of Reno at an ele\ ation of
1500 m. The pond. 21 m in length, \aries firom
1  m  at  one  end  to  9  m  at  the  other.  Depth
ranges  from  0.1  to  1.2  m.  Vegetation  in  the
pond  includes  common  horsetail  Equisetum
arvense).  water  cress  {Radicula  nasturium-
aquaticum).  sedges,  grasses,  and  algae,  \ege-
tation  surrounding  the  pond  includes  pinyon-
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juniper  on  the  north,  east,  and  south  sides  of
the  canyon  that  contain  the  pond.  To  the  west
along  tlie  canyon  are  dense  growths  of  Fre-
mont  Cottonwood  {Populus  fremonti),  black
willow  {Salix  nigra),  and  white  clover  {Trifoli-
um repens).

Methods

From  1974  to  1989  censuses  of  chorus
frogs  in  or  near  the  pond  were  conducted  on
alternate  evenings  from  1600  to  2300  PST
throughout  the  breeding  season,  which
extended  from  February  to  April.  During  the
remaining  nine  months  of  the  year,  periodic
counts  of  adult  frogs were made.

Each  census  was  conducted  from  an  obser-
vation  site  located  6  m  from  the  pond.  From
this  point  the  total  number  of  frogs  in  or  near
the  entire  pond  was  counted.  To  increase  the
accuracN  of  the  counts,  the  pond  was  divided
into  four  regions:  northeast,  northwest,  south-
east,  and  southwest.  Each  census  started  with
the  northeast  region.  After  all  frogs  were
counted  in  this  region,  counts  were  then
made  in  northwest,  southeast,  and  southwest
sections.  To  increase  the  accuracy  of  the
counts,  a  spotlight  and  binoculars  were  used.
The  procedine  used  to  conduct  a  census  was
the same each year of the study.

In  addition  to  conducting  annual  popula-
tion  censuses,  we  also  recorded  life  history
information.  For  each  year  of  the  study  the
date  was  recorded  for  the  following  activities:
entering  pond,  chorusing,  mating,  egg  laying,
hatching,  exiting  of  adults,  completion  of
metamoiphosis,  and  exiting  of  juveniles.

Throughout  the  study,  air  temperature  was
recorded  1  m  above  the  ground  and  3  m  north
ot  the  pond,  and  water  temperature  was  taken
at  the  center  of  the  pond at  a  depth of  15  cm.

Information  concerning  the  study  area,
pond,  and  choiiis  frogs  from  1905  to  1978  was
provided  by  Mrs.  George  Minor.

Results

Migration  to  the  Pond

Migration  of  choiiis  frogs  to  the  pond  was
documented  to  1905,  and  it  probably
occurred  many  years  prior  to  that  (Mrs.  Minor
personal  communication).

Except  for  flood  years,  a  few  male  chorus
frogs  migrated  to  the  pond  in  late  February

from  1975  to  1989.  These  males  produced  a
chorus  that  attracted  other  males.  The  num-
ber  of  males  increased  from  a  few  in  late  Feb-
ruaiy  to  an  average  of  25  in  mid-  March.  From
mid-March  to  late  April  the  number  of  males
decreased  to  fewer  than  5.  In  addition  to
attracting  males,  the  chorus  appeared  to
attract  females.  The  breeding  population  of
males  and  females  peaked  in  March  (mean  ±
SD,  60  ±  3.8;  range,  53-66;  Fig.  1  and  Table
1).  Thus,  chorus  frogs  migrated  to  the  pond
from  late  February  to  early  May,  and  the  male
]:)reeding  chorus  extended  over  a  3-month
period.

Reproduction  and  Metamorphosis

Mating  commenced  soon  after  the  frogs
entered  the  pond  and  continued  until  early
April.  During  this  time  no  territorial  disputes
or  fighting  was  obsei-ved.  Egg  laying  occurred
from  mid-March  to  mid-May;  eggs  began  to
hatch  into  tadpoles  in  mid-April.  The  brown-
ish  black  tadpoles  tended  to  localize  in  the
deeper  (up  to  1.2  m),  downstream  portion  of
the  pond.  Tadpoles  and  near-transformed
individuals  grew  rapidly  in  the  12-18°  C  water,
and  by  early  October  all  frogs  gradually  exited
the  pond.  From  early  October  to  February
only  an  occasional  chorus  frog  was  seen  or
heard  in  the  pond.  The  transformed  individu-
als  probably  matured  in  one  season  and
returned  to  the  pond  as  fully  grown  adidts  the
next  year  as  shown  by  Jameson  (1956).

Ninety  percent  of  transformed  adidts  were
light  to  dark  green  with  dorsal  black  speckles
and  black  e\e  stripes.  Brattstrom  and  W'arren
(1955)  found  that  green  and  brown  phases
occurred  in  about  equal  mmibers.  Variations
in  color  of  P.  regilla  were  not  observed  (Test
1898).  Black  eye  stripes  were  always  present
as  reported  b\'  Brattstrom  and  Warren  (1955).

Periodically,  from  Februar\  to  July  1986-
1989,  10  light  green  P.  regilla  were  kept  in  a
brown  aquarium,  and  within  1  h  all  individu-
als  changed  to  a  dark  green  phase.  Even  after
120  h  no  green  frogs  tin-ned  brown.  Most  dark
green  frogs  turned  a  lighter  green  in  an  open
atiuariimi.  Captive  chorus  frogs  were  not  kept
aftei-  5  days  because  the\-  did  not  feed.  These
observations  supported  those  of  Brattstrom
and  Warren  (1955)  and  Resnick  and  Jameson
(1963),  who  reported  that  the  primary  green
coloration  and  black  eye  stripes  are  genetical-
ly  determined,  while  the  color  phases  and
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Fig. 1. Average number of frogs during each niontli lor 12 of the 15 years (1974-1989). CounLs were made al night.
Top numbers are the standard de\iations.

spots  are  environmentally  regulated.  Season,
locality,  and,  to  some  extent,  age  also  affect
color  (Resnick  and  Jameson  1963).  Neither
albinism  described  by  Resnick  and  Jameson
(1963)  nor  limb  abnormalities  reported  b\-
Re\nolds  and  Stephens  (19(S4)  were  obsened
in  these  populations  oi  P.  regilla  during  the  15
years of obsenation.

Natural  Plnsical  Distuibances

From  1905  to  1989  the  chorus  hog  popula-
tion  in  the  breeding  pond  was  annihilated  10
times.  From  1975  to  1989,  in  1975.  1983,  and
1986,  the  time  of  this  stud\,  the  chorus  frog
population  in  the  pond  was  eliminated  three
times  b\  flash  floods.  For  12  of  these  15  years
(80%),  chorus  frogs  produced  offspring  that
completed  metamorphosis.  Hea\\-  rainialls.
along  with  melting  snow  at  higher  elevations,
or  prolonged  downpours  caused  Bailey  Creek
to  become  a  rushing  toirent,  rising  up  to  1  m
aboxe  normal  pond  level.  Twice  during  the
stud\  \  iolent  thunderstorms  were  observed,

and  they  generated  rapidK  moxing  mudflows
that  scoured  the  streanibed.  In  addition  to
flash  flooding,  sudden  drastic  rises  in  pond
water  temperature  and  drought  conditions
also reduced the chorus frog population in the
pond.  In  si.\  of  the  \ears.  Irom  1974  to  1989,
in  March  and  April,  the  pond  water  tempera-
ture  rose  from  7°  C>  to  24°  C  within  20  days.
This  sudden  rise  in  pond  water  temperature
had a negati\e impact on tlu- chorus hog pop-
ulation for those \ears.  In three ol  the \ears a
light  snowpack  and  sparsi*  rainhill  created
drought  conditions;  both  Baile\  Oeek  and
the pond dried up.

Fredation

During  the  stuck  three  predaton-  species,
the  belted  kingfisher  iMviiacenjle  alcijon),
western  terrestrial  garter  snake  iThamuoplm
elegans),  and  domestic  cat  (Felix  domestica),
were obserxed taking chorus frogs.

The  belted  kingfisher  pre\ed  on  both  lar-
vae  and  adults  in  the  water.  Throughout  the
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Table 1. Number of adult frogs during the study period,
Febnian-Mav 1975-19S9.

study,  except  tor  those  years  when  the  chorus
frog  population  was  destroyed  by  flash  flood-
ing,  observations  were  made  of  kingfishers
pre\ing  on  chorus  frogs.  Frequently  two  king-
fishers,  sometimes  three,  took  prey  between
06()()  and  0830  PST  from  February  to  July.  A
kingfisher  typically  dove  into  the  water  from  a
willow  branch  oxer  the  pond,  returned  to  a
perch  with  a  tadpole,  and  then  swallowed  the
entire  organism.  After  catching  a  frog,  the
kingfisher  flew  to  a  perch,  bashed  the  frog
against  the  limb  on  the  left  and  right  sides
alternately,  and  then  swallowed  the  dead  frog.

On  20  occasions  from  1974  to  1989  west-
ern  terrestrial  garter  snakes  were  observed
within  4  m  of  or  in  the  pond.  Often  three  to
five  snakes  were  counted  at  one  time.  Mrs.
George  Minor  (personal  communication)
remembered  western  terrestrial  garter  snakes
being  veiy  numerous  in  the  canyon,  especial-
ly  near  the  pond.  On  10  different  occasions
she  remembered  seeing  snakes  take  chorus
frogs  while  on  the  bank  or  near  shore.  Bratt-
strom  and  Warren  (1955)  and  Jameson  (1956)
listed garter  snakes  as  predators  of  P.  regilla.

At  various  times  during  the  study  at  least
20  domestic  house  cats  were  abandoned  near
the  study  site.  On  four  occasions  cats  were
observed  capturing  frogs  while  on  the  bank.
After  each  instance  one  to  three  bitten,  bat-
tered,  and  torn  frogs  were  found.  These  frogs
were  never  eaten;  they  were  victims  of  the
hunting,  playing,  and  killing  behavior  charac-
teristic of house cats.

Discussion

Riparian  habitats  such  as  Bailey  Creek  in
the  desert  of  northwestern  Nevada  are  rare.
The  nearest  water  site  to  Bailey  Creek  is  an
irrigation  ditch  5000  m  west.  The  study  pond
area  associated  with  Bailey  Creek  is  the  only
breeding  site  for  P.  regilla  along  this  creek.
This  indicates  the  significant  role  that  breed-
ing  sites  play  in  deteniiining  the  distribution
and  survival  of  the  chorus  frog  and  other
amphibian  species.  Jameson  (1956)  also  con-
cluded  that  the  distribution  of  breeding  sites
was  a  limiting  factor  for  chorus  frogs.

In  addition  to  breeding  sites,  cool,  moist
microhabitats  are  significant  for  the  survival
and  distribution  of  chorus  frogs.  Pacific  cho-
rus  frogs  have  been  foiuid  in  several  of  these
habitats  in  northwestern  Nevada.  Eight  cho-
rus  frogs  were  observed  under  plywood  locat-
ed  on  a  miidflat,  10  were  noted  inside  an  iso-
lated  concrete,  boxlike  structure  that  was
once  used  to  store  water  at  a  spring  (several
meters  from  other  places  of  free  water),  and  2
were  noted  in  a  housing  unit  for  valves  that
operated  a  sprinkler  system.

At  precise  times  of  the  year  chorus  frogs
migrate  to  and  from  these  isolated  microhabi-
tats.  In  the  early  spring  of  the  year  dining  the
breeding  season,  migration  is  toward  the
breeding  pond.  After  metamorphosis  is  com-
pleted  at  the  breeding  ponds,  migration  is
away  from  the  pond  toward  a  cool,  moist
microhabitat.  During  this  study  the  chorus
frog population at  the stud\'  site was annihilated

Table 2. Average da\ time ambient and pond water
temperatures. Ambient temperatures were recorded 1 m
abo\ e the ground and 3 m north of the pond. Pond water
temperatures were recorded at 15 cm at the center of the
pond.
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Tabi.E 3. Frosi acti\it\ associati'cl w itli time oi \car and range Dl'hoth amliit-nt and water ft'inperalures.

Frog activih'

Entered pond, chorusing, and mating

Oxiposition

Hatcliing and tadpole dexelopnieiit

Exit of sexualK acti\ e adults

Coiupk'tion ot metamorphosis

Exit of mi'tamorpliose'd tatlpoles

\'en few or no frogs in the pond

Time of vcar
Tempi-rature range ('C)
Watei Air

three  times.  Yet,  each  time  during  the  next
\ear  s  breeding  season  (1976,  1984,  and  1987)
chorus  frogs  were  present  in  inniil)ers  similar
to  those  of  other  years  at  the  stiid\  site.  The
hkel\  explanation  is  that  chorus  frogs  living  in
microhabitats  in  the  vicinit\-  of  the  study  site
migrated  to  the  breeding  pond  the  year  after
the population was annihilated.

In  late  Februar\  adult  males  located  and
entered  the  pond  probabK  in  response  to  a
rise  in  ground,  water,  and  air  temperatures
(Table  2).  Brattstrom  and  Warren  (1955)  con-
cluded  that  at  10°  C  frogs  will  go  to  the  water
to  breed.  It  is  significant  to  note  that  P.  rc^iUa
preferred  lower  temperatures  than  other
hylids.  This  preference  for  lower  tempera-
tures  was demonstrated at  this  site  in  that  the
temperature at which the frogs go to the pond
to  breed (Table  3)  is  on  the  average 5°  C  cold-
er  than that  reported b\'  Brattstrotu and \\\\r-
ren  (1955).  In  this  study  no  warm  rains
occurred  in  February  to  initiate  the  move-
ment  of  males  to  the  pond;  howexcr,  Jameson
(1956)  believed  the  first  warm  rains  and  a  rise
of  reproductive  hormones  cause  adult  males
to move to breeding ponds.

This  study  indicates  that  males  remain  in
the  pond  during  the  entire  but  short  breeding
season.  Jameson  (1957)  suggested  that  males
migrate  to  the  pond,  breed,  exit,  and  are
replaced by other males.  Attempts by males to
establish  and  defend  territories,  i.e.,  trill  calls,
butts,  and  wrestling  bouts  (Perrill  1984)  and
territorial  compression  as  other  frogs  enter
the  pond  (Whitne>'  and  Krebs  1975),  were  not
obsei'ved.

Throughout  the  study  the  isolated  pojMila-
tion  ol  tlie  Pacific  chorus  frog  was  subji-cted
to a variet)' of enviroiuuental resistanci-. \et. it
was  ne\er  eliminated;  clearK.  it  is  well  adapt-
ed  to  ;i  li.ibitat  that  is  subjected  to  jxriodit
natinal  plnsical  disturbances  such  as  heavA
rains. Hash iloods, and droughts.
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