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Table   1.   Distribution  of   pierid   eggs  on  Barbarea  verna  at   Gates   Canyon,   California,
1973  through  1978  (pooled  data),  excluding  1977.

Whether   or   not   assessment   is   a   reality   in   either   of   these   Pieris,   egg
censuses   on   pierids   in   California   localities   which   have   been   under
study   for   several   years   offer   an   opportunity   to   look   for   statistical   evi-

dence  of   it   in   others.   The   best   data   are   for   Gates   Canyon.
Anthocharis   sara   deposits   its   eggs   singly   near   the   tops   of   Crucifers

in   riparian   habitat  —  usually   on   stems,   pedicels,   or   the   bases   of   peti-
oles,  less   often   on   buds,   flowers,   or   leaves.   They   are   initially   creamy

white,   but   rapidly   turn   orange,   becoming   conspicuous   and   easily   cen-
sused.   At   Gates   the   principal   host   is   Barbarea   verna   (Mill.)   Asch.
Table   1   presents   egg   counts   of   A.   sara   and   of   Pieris   napi   microstriata
Comstock   on   714   individual   plants   censused   between   1973   and   1978,
excluding   1977   (see   below).   Newly-laid   sara   eggs   are   distinguishable
from   napi   by   shape,   while   older   ones   are   easily   recognized   by   color.
These   two   butterflies   are   sympatric   and   synchronic   at   Gates   and   feed
on   the   same   hosts,   but   napi   is   a   leaf   feeder   while   sara   consumes
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inflorescences   and   especially   green   fruit.   Numbers   of   napi   are   more
variable   from   year   to   year   than   those   of   sara,   and   this   is   reflected   in
the   pooled   1973-78   data   in   which   some   200   napi   eggs   are   from   its
peak   year   of   1976   alone.   The   napi   data   are   included   as   a   contrast   to
A.   sara   in   the   context   of   their   joint   use   of   Barbarea.

The   Barbarea   plants   have   been   grouped   into   three   arbitrary   size
classes   which   incorporated   information   on   both   height   and   shape   of
plant   (number   of   stems).   Egg   dispersion   was   analyzed   statistically   for
each   species   on   each   size   class   and   for   the   pooled   plants.   The   eggs
of   P.   napi   are   contagiously   distributed   in   all   cases,   and   the   statistical
properties   of   their   distributions   need   not   concern   us   here.   For   A.   sara
the   means   of   the   distributions   all   exceed   their   respective   variances,
implying   some   degree   of   overdispersion   and   hence   of   egg-load   as-

sessment.  When   the   distributions   are   compared   to   Poisson   series   by
a   x2   test,   medium   and   small   plants   both   differ   significantly   (P   <   .005)
while   large   ones   do   not   (.500   >   P   >   .250).   This   suggests   that   egg-load
assessment   is   on   a   per-inflorescence,   not   a   per-plant   basis   and   breaks
down   when   many   stems   are   available.   Unfortunately,   this   is   not   test-

able  with   these   data   as   only   plant   totals   were   recorded.   It   is   however,
definitely   occurring   in   some   related   species   which   oviposit   in   inflo-

rescences  (Shapiro,   1981).   On   the   other   hand,   medium   plants   are
preferred   to   large   ones   since   about   equal   numbers   of   eggs   are   depos-

ited  on   both   although   the   biomass   of   the   large   plants   is   much   greater.
A.   sara   is   a   more   efficient   searcher   than   P.   napi,   since   44%   of   the
plants   received   at   least   one   sara   egg   vs.   28%   with   napi   eggs;   napi,
however,   lays   more   eggs   per   plant   receiving   any   eggs.

To   what   extent   are   these   patterns   influenced   by   plant   density   and
dispersion?   The   spatial   distribution   and   conspicuousness   of   the   host
plant   may   have   important,   and   sometimes   subtle,   impact   on   oviposi-
tion   behavior   (cf.   Thompson   &   Price,   1977).   The   Barbarea   plants   at
Gates   Canyon   are   distributed   in   a   nearly   linear   canyon-bottom   envi-

ronment,  and   an   ovipositing   A.   sara   is   almost   always   in   sight   of   other
plants.   Thus   the   likelihood   of   her   finding   the   same   plant   after   her
seemingly   obligatory   interovipositional   flight   is   quite   low.   Data   col-

lected  in   1979   from   isolated   hosts   surrounded   by   unfavorable   grass-
land  and   chaparral   environments   (Shapiro,   1981)   provide   an   ad-

ditional  clue.   On   such   plants   egg-load   assessment   seems   to   occur   only
by   subsequent   females   after   the   eggs   have   darkened.   Individual   fe-

males  may   oviposit   repeatedly   on   the   same   plant,   with   an   intervening
flight   between   each   oviposition   and   the   next.   The   overdispersion   ob-

served  at   Gates   can   then   be   viewed   as   a   two-part   phenomenon:   a
given   female   can   overdisperse   her   eggs   only   if   sufficient   hosts   are
available   nearby,   but   later   females   may   be   obliged   behaviorally   to
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Table  2.   Distribution  of   Anthocharis   sara  eggs  on  Barbarea  verna  at   Gates  Canyon,
California  in  1977.

defer   to   her   darkened   eggs   whatever   the   host   dispersion.   The   growing
literature   of   egg-load   assessment   is   reviewed   and   compared   to   a   va-

riety  of   data   on   various   pierids   by   Shapiro   (1981).   It   should   be
explicitly   noted   that   interovipositional   flights   occur   in   most   or   all   pier-
ids   which   do   not   lay   eggs   in   batches,   whether   or   not   egg-load   assess-

ment  is   suspected.   The   degree   to   which   both   phenomena   are   devel-
oped,  coupled   or   decoupled,   presumably   reflects   the   relative   strength

of   such   selective   forces   as   intra-   and   interspecific   competition,   pre-
dation,   and   parasitism,   and   in   particular   their   spatial   and   temporal
predictability.

Interspecific   Interaction

1977   was   the   second   year   of   severe   drought   in   California,   and   bio-
mass   of   Barbarea   was   reduced   by   an   estimated   order   of   magnitude
at   Gates.   The   number   of   plants   was   reduced,   and   only   seven   "large"
plants   could   be   found.   Faced   with   this   highly   atypical   host   distribu-

tion,  A.   sara   found   only   33%   of   the   plants  —  but   its   egg   distribution
did   not   change   significantly   t-500   >   P   >   .250)   (Table   2).   P.   napi   was
virtually   absent   in   1977   (only   1   egg   was   found).   Did   this   affect   A.   sara
in   any   detectable   way?   In   1973-78   (except   1977)   there   was   some
degree   of   positive   association   of   the   two   species   on   individual   plants
(Table   3).   This   is   presumably   due   to   similar   enough   searching   be-

havior  to   make   the   same   individual   plants   especially   attractive   to   fe-
males  of   both,   rather   than   to   a   positive   response   per   se   to   each   other's

eggs.   This   interpretation   is   bolstered   by   the   observation   that   the   same
individual   plants,   or   plants   in   the   same   locations,   receive   or   do   not
receive   eggs   year   after   year.   Due   to   egg-load   assessment,   A.   sara   is
obliged   to   spread   its   eggs   more   widely,   finding   many   more   plants
missed   by   napi   than   the   converse.   There   is   no   indication   that   the
presence   or   absence   of   napi   affects   sara   at   all.
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Table   3.     Measures   of   association   between   Anthocharis   sara   and   Pieris   napi   mi-
crostriata   at   Gates   Canyon,   1973-78   except   1977.

Size  class  of  plant
Large   Medium   Small

Expected   #   plants   jointly   31.1   46.2   11.6
occupied   if   independent

Observed   #   plants   39   63   10
jointly   occupied

a  Values  range  from  +1  (completely  associated)  to  -1  (completely  negatively  associated);  0  is  independent.
b  Student's  t-test.

Egg-load   assessment   is   a   form   of   contest   competition   akin   to   terri-
toriality.  The   first   female   to   oviposit   on   an   inflorescence   reserves   it

for   her   young,   excluding   any   other   individual   which   participates   in
assessment.   The   shortage   of   oviposition   sites   in   1977   could   have   led
to   at   least   three   different   responses   by   A.   sara,   or   combinations   of
them:   (1)   longer-range   dispersal   of   females   beyond   the   study   area;
(2)   increased   searching   efficiency   with   more   use   of   normally   unused
plants;   (3)   increased   willingness   to   oviposit   multiply   on   normally
used   plants.   There   is   no   direct   evidence   that   any   of   these   occurred;
the   egg   data   argue   strongly   against   (3)   and   give   no   support   to   (2),
while   there   are   no   adult   data   bearing   on   (1).   The   total   egg   output   in
1977   was   somewhat   lower   than   in   some   preceding   and   following
years,   but   this   could   be   due   to   decreased   fecundity   or   life-span   rather
than   to   dispersal.   The   1979   data   on   isolated   plants   supported   alter-

native  (3)   above,   at   least   for   individual   (but   not   subsequent,   post-egg-
darkening)   females,   but   here   the   host   density   was   very   much   lower
than   at   Gates   even   under   the   severe   stress   of   1977.   The   ratio   of   fe-

males  to   plants   apparently   did   not   pass   the   threshold   at   which   same-
day   multiple   ovipositions   would   at   least   partly   nullify   egg-load   as-
sessment.
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Table   4.   Developmental   times  of   Anthocharis   sara   pupae  from  Gates   Canyon,   rared
ex  ovo  on  continuous  light  at  25°C,  stored  at  3°C.  All  were  in  diapause.

Number  of  hatching  after  time  at  3°:

Includes  pupae  which  died  after  2  years  of  storage.
Includes  all  pupae  uneclosed  as  of  spring,  1978.

Carryover   Pupae

Most   uni-   or   bivoltine   pierids   have   a   mandatory   chilling   require-
ment  to   break   pupal   diapause,   and   will   not   eclose   without   a   period

of   refrigeration.   If   held   at   room   temperature   they   may   live   several
years   before   expiring.   Most   pupae   will   eclose   if   held   near   0°C   for   9-
10   months,   but   in   any   brood   some   may   require   a   second   or   even   a
third   year   of   chilling.   The   incidence   of   such   carryover   pupae,   and
their   relation   to   environmental   conditions   during   rearing,   are   unin-

vestigated.  They   are   of   interest   because   they   may   provide   a   "hedge"
against   population   extinction   due   to   a   single   catastrophic   season,   anal-

ogous  to   the   "seed   bank"   of   the   plant   ecologist   (Harper,   1977).   Facul-
tative  bi-   or   trienniality   in   normally   annual   species   is   on   its   face   highly

adaptive   in   uncertain   environments.   Insofar   as   it   lengthens   the   mean
generation   time   it   reduces   r,   the   intrinsic   rate   of   natural   increase,   and
it   should   therefore   carry   a   selective   tradeoff.   The   higher   the   environ-

mental  uncertainty,   the   easier   it   becomes   to   account   for   pupal   carry-
over  in   terms   of   individual,   rather   than   group,   selection.   Its   taxonomic

distribution   in   Lepidoptera   is   reviewed   by   Powell   (1974).
In   multivoltine   pierids   generally,   diapause   can   be   inhibited   by   rear-

ing  on   long   days   or   continuous   light   at   temperatures   of   25°C.   This
does   not   work   on   the   spring   univoltines.   Since   1973   several   eggs   of
A.   sara   have   been   collected   each   year   at   Gates   for   lab   rearing   on   this
regime.   All   the   resulting   pupae   have   diapaused,   despite   the   faculta-

tive  bivoltinism   of   the   population,   and   76%   have   carried   over   beyond
the   first   year   (Table   4).   The   tendency   to   produce   carryover   pupae   is
thus   great   in   tin's   population.

Between   1973   and   1978   rainfall   at   Vacaville,   at   the   mouth   of   Gates
Canyon,   varied   between   95.78   and   23.32   cm/water   year   (July   1-June
30).   As   noted   above,   Barbarea   biomass   fluctuated   by   an   order   of   mag-
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nitude,   and   in   one   year   P.   napi   was   virtually   absent.   Yet   numbers   of
adult   sara   were   surprisingly   constant,   and   so   were   egg   counts.   Do
carryover   pupae   provide   a   buffer   against   environmental   uncertainty
for   this   species?

A   counterpoint:   Anthocharis   midea

The   eastern   Falcate   Orange   Tip,   A.   midea   (Hbn.),   belongs   to   a
different   subgenus   than   A.   sara   and   occurs   in   a   region   of   much   less
climatic   uncertainty.   Like   A.   sara,   however,   it   is   a   spring-univoltine
Crucifer   feeder   (perhaps   locally   facultatively   bivoltine   southward,   but
this   is   disputed),   even   including   Barbarea   verna   in   its   diet   (dos   Pas-
sos   &   Klots,   1969;   Shapiro,   unpubl.).

Clark   (1932,   p.   165-166)   reviews   H.   F.   Schonborn's   correspondence
with   W.   H.   Edwards   regarding   this   species.   He   'never   found   a   larva
in   open   fields,   although   the   plant   grows   there   in   abundance   in   large
patches.   I   always   found   them   on   isolated   plants   growing   in   places
sparingly   covered   by   .   .   .   trees."   This   is   familiar   to   Californians   who
recognize   the   limitation   of   A.   sara   to   riparian   woodland   and   its   failure,
after   150   years,   to   colonize   the   immense   stands   of   weedy   mustards   on
the   broad   valley   floors.   Schonborn   moreover   "never   found   more   than
one   egg   on   a   plant,"   nor   have   I   in   eastern   Pennsylvania   and   New
Jersey   (N   —   100).   These   egg   distributions   carry   no   statistical   force,
but   their   implications   are   obvious.

Dos   Passos   &   Klots   (1969)   provide   some   data   on   carryover   pupae.
Of   thirteen   1953   pupae,   6   emerged   in   1954   and   7   in   1955.   They   quote
C.   E.   Rummel   as   having   reared   a   3-year   individual.   Photoperiods   and
temperatures   are   not   specified.   In   1966   I   reared   4   larvae   from   Brown's
Mills,   Burlington   Co.,   N.J.   under   uncontrolled   photoperiod   and   tem-

perature, and  all  gave  carryover  pupae.
These   fragmentary   data   are   included   to   emphasize   the   danger   in-

herent  to   inferring   causality   from   apparent   adaptation.   Stearns   (1977)
reviewed   the   epistemological   pitfalls   of   life-history   theory   and   con-

cluded  that   many   of   its   "validations"   are   spurious.   Pitelka   &   Van
Valen   (1974)   said   the   same   thing,   adding   that   "many   theories   are   true
when   their   assumptions   are   not,   but   this   can   never   be   taken   for   grant-
ed."

Both   egg-load   assessment   and   pupal   carryover,   considered   unique-
ly  as   attributes   of   the   Gates   Canyon   population   of   A.   sara,   appear   as

good   candidates   for   "finely-tuned"   adaptations   to   host   dispersion   and
climatic   uncertainty   in   that   particular   locality,   and   the   temptation   to
interpret   them   thus   in   the   terms   of   current   theory   is   strong.   When   A.
midea   is   also   considered,   the   "fine-tuning"   hypothesis   becomes   less
appealing:   the   ecologies   of   the   two   species   are   quite   different,   while
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their   obvious   commonality   is   genetic.   Both   egg-load   assessment   and
pupal   carryover   may   be   derived   by   both   species   from   a   common
ancestor;   both   may   be   preadaptive   in   current   ecological   contexts,   but
perhaps   not.   (One   need   not   belabor   the   difficulties   in   establishing
thatX   is   the   function   of   some   attribute   of   an   organism.)   The   subgenus
Falcapica,   which   includes   midea   and   lanceolata   Lucas   of   the   Pacific
slope   and   is   not   really   distinguishable   from   Faramidea   of   East   Asia
(scolymus   Butler   and   bieti   Oberth.),   shows   a   classic   Arcto-Tertiary
relict   distribution.   The   subgenus   Anthocharis,   to   which   sara   belongs,
is   disjunctly   distributed   in   western   North   America   and   the   Palaearctic
region   (mostly   western)   and   is   also   probably   Arcto-Tertiary.   We   are
beginning   to   talk   about   common   ancestors   of   no   small   antiquity.
Moreover,   the   related   genus   Euchloe,   which   also   shows   an   Arcto-
Tertiary7   pattern   of   dispersion,   assesses   egg   load   and   has   carryover
pupae   as   well   (Shapiro,   in   prep.),   pushing   the   common   origin   of   these
phenomena   back   even   further   in   time.
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NEW   LOCALITY   RECORDS   FOR   THE   SALT   MARSH   COPPER,
EPIDEMIA   DORCAS   DOSPaSSOSI   (LYCAENIDAE)

Since   its   discovery   in   1939   (McDunnough,   1940,   Canad.   Ent.   72:   130-131)   Epidemia
dorcas   dospassosi   (McDunnough)   has   been  recorded  only   from  its   type   locality,   Bath-
urst,   New   Brunswick   (Ferris,   1977,   Bull.   Allyn   Mus.   45:   1-42).   In   late   July   and   early
August  1979  I  briefly  searched  every  easily  accessible  salt  marsh  from  Bartibog  Bridge,
Northumberland   Co.,   New   Brunswick   to   Campbellton,   Restigouche   Co.,   New   Bruns-

wick; and  several  salt  marshes  on  the  Gaspe  Peninsula,  Quebec,  from  Oak  Bay  on  the
Bay  of  Chaleur  to  Ste.-Anne  des  Monts  on  the  south  shore  of  the  St.  Lawrence  River.
E.   d.   dospassosi   was   collected   in   the   following   9   localities,   including   3   separate   lo-

calities within  the  city  limits  of  Bathurst.
1)   Hay  Island,  2  km  south  of   Neguac,   Northumberland  Co.,   New  Brunswick;   30  July

1979.  9  8  seen  and  collected,  individuals  were  scarce  and  present  only  on  the  western
tip  of  the  island.

2)   Wishart   Point,   mouth   of   Tabusintac   River,   Northumberland   Co.,   New   Brunswick;
31   July   1979.   Adults   numerous,   7   8   and   119   collected.

3)   Village-des-Poirier,   4   km   SW   of   Maisonnette,   Caraquet   Bay,   Gloucester   Co.,   New
Brunswick;   2   August   1979.   Adults   scarce,   3   8   and  4   9   collected.

The  following  3  localities  are  within  the  city   limits  of   Bathurst,   Gloucester  Co.,   New
Brunswick.   These   populations   seem   to   be   separated   from   each   other   by   unsuitable
habitat.

4)  Carron  Point,  NE  point  of  Bathurst  Harbour;  1  August  1979.  Adults  very  common
in   association   with   Coenonympha   nipisiquit   McDunnough.

5)   East   Bathurst,   SE  corner  of   Bathurst   Harbour,   mouth  of   Nepisiguit   River;   28  July
1979.  Adults  very  common.

6)   Youghall   Beach,   NW   corner   of   Bathurst,   marsh   bordering   Peters   River;   27   July
1979.  Adults  scarce,  possibly  just  emerging,  3  8  and  1  9  collected,  in  association  with
C.   nipisiquit.

7)   Beresford,   Gloucester   Co.,   New   Brunswick;   27-28   July   1979.   Adults   scarce,   5   8
and  8  9  collected.  This  locality  is  5  km  NW  of  Youghall  Beach  with  a  continuous  salt
marsh  habitat  between  the  two  localities.

8)   St.-Simeon,   Bonaventure,   Gaspe   Peninsula,   Quebec;   26   July   1979.   A   cool   windy
evening,  1  fresh  8  collected  resting  on  Carex.

9)   Penouille,   Gaspe,   Gaspe   Peninsula,   Quebec;   24   July   1979.   About   20   adults   seen,
2  8  and  2  9  collected.

Anthony   W.   Thomas,   Maritimes   Forest   Research   Centre,   P.O.   Box   4000,   Freder-
icton,   New   Brunswick,   E3B   5P7,   Canada.
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TWO   CALIFORNIA   CHECKERSPOT   BUTTERFLY

SUBSPECIES:   ONE   NEW,   ONE   ON   THE
VERGE   OF   EXTINCTION

Dennis   D..   Murphy   and   Paul   R.   Ehrlich

Department   of   Biological   Sciences,   Stanford   University,   Stanford,   California   94305

ABSTRACT.   The   Pedicularis-feeding   ecotype   of   Euphydryas   editha   occurring   in
the  inner  Coast  Range  to  the  east   and  south  of   San  Francisco  Bay,   California,   is   de-

scribed as  a  new  subspecies,  E.  e.  luestherae.  The  impact  of  the  California  drought  of
1976-78  on  the  new  subspecies  was  less  severe  than  its  impact  on  E.  e.   bayensis.   In
addition   human  activities   have   greatly   reduced  the   amount   of   habitat   suitable   for   E.
e.   bayensis.   The  combination  has  pushed  E.   e.   bayensis  close  to  extinction.

Lepidopterists   have   traditionally   considered   populations   of   Euphy-
dryas  editha   (Boisduval)   in   the   San   Francisco   Bay   area   to   represent

two   subspecies,   E.   e.   baroni   Edwards   to   the   north   of   the   Bay,   and   E.
e.   bayensis   Sternitsky   on   the   San   Francisco   peninsula   and   in   the   inner
Coast   Range   to   the   east   and   south.

The   populations   lumped   in   E.   e.   bayensis,   however,   represent   two
separate   ecotypes   (Ehrlich   et   al.,   1975)   which   also   are   phenetically
distinct.   One   set   of   populations   occurs   in   islands   of   serpentine   grass-

land  in   chaparral   areas.   The   primary   oviposition   plant   is   the   annual
Plantago   erecta,   and   Orthocarpus   densiflorus   serves   as   a   key   sec-

ondary  foodplant,   permitting   larvae   to   survive   to   diapause   size   after
the   Plantago   senesces.   Populations   are   controlled   in   a   largely   density-
independent   manner   by   early   spring   rainfall   and   Orthocarpus   abun-

dance.  Competition   for   larval   food   is   absent.   Adults   are   relatively
sedentary   since   larval   foodplants   and   adult   nectar   sources   co-occur.

In   contrast   the   other   ecotype   is   dependent   on   Pedicularis   densi-
flora   for   oviposition   and   larval   development.   Populations   occur   on
slopes   where   the   Pedicularis   grows   as   a   hemiparasite   in   the   shade   of
shrubs.   There   are   secondary   foodplants   (Castilleja,   Collinsia),   but
none   plays   an   important   role   in   the   dynamics   of   the   Euphydryas   pop-

ulations.  Regulation   of   population   size   is   often   density-dependent,
with   larvae   starving   in   some   years   after   Pedicularis   plants   are   defo-

liated  (White,   1974).   Adults   are   more   mobile   than   those   of   the   Plan-

tago  ecotype,   since   nectar   sources   usually   do   not   co-occur   with   the
larval   foodplant   (Gilbert   &   Singer,   1973).

The   two   ecotypes   responded   differently   to   the   California   drought
of   1976-78.   The   Plantago   ecotype   suffered   more   or   less   uniform   de-

clines;  at   least   one   and   possibly   several   populations   went   extinct   from
the   combined   effects   of   drought   and   cattle   grazing   on   their   habitats.
The   surviving   populations   have   been   extremely   slow   in   recovering.
Some   populations   of   the   Pedicularis   ecotype   remained   relatively   un-



Shapiro, Arthur M. 1981. "Egg-load assessment and carryover diapause in
Anthocharis (Pieridae)." Journal of the Lepidopterists' Society 34, 307–315. 
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