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ABSTRACT. In this study, the process of egg sac construction and the factors that determine fecundity
in the spider Loxosceles intermedia were analyzed by comparing lab-reared females that had mated only
once {n — 180 ovipositions) and females with unknown reproductive histories {n = 76 ovipositions).
Among females known to have mated only once (n = 84), the number of viable eggs correlated positively
with the duration of mating and with the age of the female at the time of fertilization and decreased
significantly with successive ovipositions. In females with unknown (ji = 36) reproductive histories, up
to three fertile egg sacs were obtained from the same female with a third oviposition being observed only
once. Oviposition was more frequent among larger females than smaller females. Among the reproductive
variables evaluated, there were correlations between the number of eggs and the weight of the female
spiders. More fertile eggs were laid by females with unknown reproductive histories than by females that
mated only once. The existence of more stable environmental conditions, abundant food, and multiple
fertilizations are probable factors which favor greater fertility of L. intermedia in urban Curitiba, located
in southern Brazil, and can partly explain the success of this species in occupying this ecological niche.
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Spider  egg  sacs  protect  developing  eggs
against  abiotic  (temperature,  luminosity  and
relative  humidity  of  the  air)  and  biotic  (pred-
ators  and  parasites)  factors.  Egg  sac  construc-
tion  is  a  rigidly  controlled  and  programmed
behavior  (Foelix  1996).  Fecundity  is  often  de-
fined  as  the  number  of  eggs  or  offspring  an
animal  produces  during  each  reproductive  cy-
cle  (Begon  et  al.  1990).  Various  studies  have
examined  fecundity  in  spiders  (Cooke  1965;
Levy  1970;  Muniappan  &  Chada  1970)  and,
according  to  Downes  (1985),  the  estimates  of
fecundity  should  include  the  number  of
emerged  spiderlings  and  all  of  the  individuals
in  different  stages  of  development  which  be-
long  to  the  same  ovisac,  including  undevel-
oped  eggs.  Inter-  and  intraspecific  variation  in
fecundity  have  been  attributed  to  factors  such
as  foraging  success  (Figueira  &  Vasconcellos-
Neto  1993),  temperature  and  humidity
(Downes  1988),  and  photoperiod  (Miyashita

1987).  In  addition,  individual  variation  in  re-
production  have  been  attributed  to  factors
such as size, age and physiological state of the
female  (Turnbull  1962;  Eberhard  1979;  Ca-
pocasale  et  al.  1984;  Costa  &  Capocasale
1984;  Fritz  &  Morse  1985),  energy  investment
(Hoffmaster  1982),  parental  care  (Enders
1976;  Christenson  &  Wenzl  1980;  Krafft
1982;  Opell  1984;  Nuessly  &  Goeden  1984;
Downes  1984;  Fink  1986;  Ruttan  1991),  sper-
matic  depletion  (Jackson  1978)  and  reproduc-
tive  tactics  (Killebrew  &  Ford  1985).  Quan-
titative  and  qualitative  fertility  studies  have
been done in  the laboratory  for  some Araneae
species  (Christenson  et  al.  1979;  Downes
1985,  1987;  Gonzales  1989;  Willey  &  Adler
1989;  Suter  1990;  Wheeler  et  al.  1990).  For
this  study,  in  which  we  examined  a  variety  of
factors  that  may  influence  reproductive  suc-
cess  in  Loxosceles,  we  defined  fecundity  as
the  total  reproductive  effort  of  the  female  (in-
cluding  multiple  clutches).
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The  genus  Loxosceles  is  cosmopolitan  and
is  frequently  associated  with  human  settle-
ments  where  the  physical  and  environmental
conditions favor an increase in the spider pop-
ulations.  Despite  the  medical  importance  of
many  species  of  this  genus  and  their  synan-
thropic  habits,  only  a  few  studies  have  ex-
amined  fecundity  in  Loxosceles  species.  These
studies  recorded  only  the  number  of  eggs  for
L.  rufipes  (Lucas  1834)  (Delgado  1966),  L.
reclusa  Gertsch  &  Mulaik  1940  (Hite  et  al.
1966;  Horner  &  Stewart  1967),  L.  laeta  (Nic-
olet  1849)  (Galiano  1967;  Galiano  &  Hall
1973),  L.  gaucho  Gertsch  1967  (Biicherl
1961;  Rinaldi  et  al.  1997)  and  L.  hirsuta  Mel-
lo-Leitao  1931  (Fischer  &  Marques  da  Silva
2001).  A  comparative  study  of  the  number  of
eggs  laid  by  L.  intermedia  and  L.  laeta  was
done  by  Andrade  et  aL  (2000),  Some  of  the
studies  (e.g.,  Biicherl  1961,  Galiano  1967,
Delgado  1966,  Andrade  et  al.  2000)  used  spi-
ders  with  unknown  reproductive  histories  for
characterization  of  fecundity  of  the  respective
species.  The  city  of  Curitiba  (lat.  25°25'48"  S
and  long.  49°16'15"  W),  capital  of  the  Brazil-
ian  state  of  Parana,  has  a  large  population  of
Loxosceles  that  is  responsible  for  hundreds  of
bites  each  year,  with  the  species  being  either:
L.  intermedia  (90%  of  collections)  or  L.  laeta
(10%  of  collections)  (Fischer  1994).  The  spe-
cies  L.  intermedia  has  a  restricted  distribution
to  the  south  and  southeast  of  Brazil.  The  wide
distribution  in  the  city  and  predominance  of
L.  intermedia  over  L.  laeta  is  related  to  many
factors  such  as  the  more  generalist  habits  of
L.  intermedia,  as  well  as  temperature  and  hu-
midity  favorable  to  L.  intermedia.  However,
little  is  known  of  the  factors  which  affect  fe-
male  fecundity  in  this  species.  In  this  study,
we  examined  the  reproductive  potential  and
factors  that  affect  the  egg  viability  of  L.  in-
termedia  females.  These  data  will  be  useful
for  future  experimental  studies  as  well  as
management plans for the spiders to minimize
spider  bites.  For  the  present  study  we  com-
pared the reproductive output of lab-reared fe-
males  known  to  have  mated  once  with  virgin
males  (both  males  and  females  born  and
raised  in  laboratory,  with  known  feeding  his-
tory)  with  wild-caught  adult  females  (number
of  mates,  age  and  feeding  history  unknown).

METHODS
Egg  sac  construction,  —  Details  of  egg  sac

construction  were  observed  in  ten  females

chosen  randomly,  based  on  direct  ad  libitum
observations.

Fecundity  of  females  reared  in  the  lab
and  mated  once,^  —  The  fecundity  of  84  fe-
males  born,  raised  and mated once  in  the  lab-
oratory  was  evaluated.  And,  because  we  had
detailed  information  about  mating  and  matu-
ration  of  these  spiders,  we  looked  at  correla-
tions  of  fecundity  with  duration  of  mating  and
age  of  the  females.  The  spiders  used  in  this
study  were  kept  in  the  laboratory  from  No-
vember  1994-December  1999.  The  spiders
were  maintained  at  ambient  temperature  21.4
±  2.3  °C,  n  -  19;  range  =  16.2-24.7  °C,  air
humidity  73.9  ±  11.4%,  n  —  19;  range  =
57.8-95.7  with  lighting  from  12:12  L:D  cycle.
The  air  temperature  and  relative  humidity
were  monitored  daily  using  a  thermohydro-
graph.  Young  spiders  were  kept  in  120  ml
plastic  containers  (diameter  of  base  4.8  cm).
All  spiders  were  fed  up  to  the  4th  iestar  a
standardized  diet  consisting  of  two  larval  and
adult  Drosophila  melanogaster  twice  a  week.
After  the  4th  instar,  the  spiderlings  were  fed
two  Tenebrio  molitor  larvae  twice  a  week  and
were  placed  in  plastic  containers  (750  ml),
lined  with  paper  and  kept  in  a  laboratory  in
the  Department  of  Zoology  at  Federal  Uni-
versity of Parana.

Once  mature,  the  virgin  females  were  each
mated  once  with  virgin  males  that  had  also
been  raised  in  laboratory.  The  mating  of  all
the  couples  {n  =  84)  was  induced  during  Jan-
uary-  April  1996.  The  virgin  females  copulat-
ed with a single male and the duration of mat-
ing  was  the  time  that  the  embolous  were
inserted  in  the  receptacles  of  the  female,  in  a
single  encounter,  typically  1289  ±  822  sec,  n
=  84;  range  =  73-3733  sec  (Fischer  &  Vas-
concellos-Neto  2000).  Once  the  females  had
been mated and egg sacs constructed, the egg
sacs  were  maintained  with  the  female,  at  the
site  of  oviposition,  until  spiderlings  had
emerged  from  the  egg  sacs.  The  relationships
between the total number of eggs, the number
of  spiderlings,  and  the  number  of  unhatched
eggs versus the duration of  mating and age of
the female were examined.

Fecundity  of  wild-caught  females  with
unknown  reproductive  histories.  —  Sixty
four  females  were  collected  from  residences
in  Curitiba  and  maintained  in  the  laboratory
until  egg sacs  were deposited.  For  this  portion
of  the  study  we  were  most  interested  in  cor-
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relation  in  body  size  with  fecundity.  Mature
spiders  were  collected  from  March-June  1994
and  were  maintained  in  individual  containers.
Temperature  ranged  from  18  °C  to  29  °C  and
air  humidity  ranged  from  63-88%  humidity
(details  in  Tables  4  &  5)  from  June  1  994-
No  vember  1995.  Temperature  and  humidity
were  measured  for  each  individual.  The  egg
sacs  were  laid  between  September  1994-
March  1995.  Thirty  six  of  the  64  females  con-
structed  egg  sacs.  When  the  spiderlings
emerged,  they  were  weighed and  fixed  in  70%
alcohol.  In  order  to  evaluate  the  influence  of
the  weight  of  the  female  on  her  fecundity,  the
adult  female  was  weighed  to  the  nearest  0.1
mg  an  analytical  electronic  balance  immedi-
ately  after  oviposition.  In  addition  we  mea-
sured  cephalothorax  area  (length  X  width  in
mm)  and  the  femur  length  of  right  leg  I  using
a  stereoscopic  microscope  with  an  ocular  mi-
crometer.

The  number  of  hatched  eggs  was  consid-
ered  as  an  index  of  egg  viability.  Besides  this
index  we  also  measured  number  of  egg  sacs,
the total number of eggs, unhatched eggs, spi-
derlings,  and  the  duration  of  incubation.  We
investigated  correlations  of  these  variables
with female cephalothorax area (mm^),  female
weight  after  oviposition,  spiderling  weight,
average  of  natural  temperature  and  relative
humidity during the incubation period, and the
time  between  consecutive  ovipositions.

Statistical  analysis*  —  The  chi-squared  test
was  used  to  assess  differences  between  the
number  of  females  that  laid  eggs  and  those
which  did  not,  relative  to  their  size.  For  this,
the  females  were  divided  into  two  groups,  i.e.
those  with  a  cephalothorax  area  less  than  or
greater  than  15  mm^.  Matrix  correlations  and
multiple  linear  regression  were  used  to  ex-
amine  the  relationships  between  the  parame-
ters  and  the  fecundity  variables  in  females
with  unknown  reproductive  histories.  Stu-
dent’s t test was used to compare the fecundity
parameters  between  consecutive  ovipositions
when  the  variances  were  homogeneous  and
the  Kruskal-Wallis  (H)  test  was  used  when
variances  were  not  homogenous.  The  Mann-
Whitney  (U)  test  was  used  to  compare  the  fe-
cundity  parameters between females with only
one  fertilization  and  those  with  unknown  re-
productive histories.

Male and female voucher specimens are de-
posited  in  Arachnological  collection  Dra.  Vera

Regina  von  Eicksted  in  the  section  of  poison-
ous  arthropods  of  the  Imunologic  Production
and  Research  Center  (SESA-PR),  Piraquara,
Parana, Brazil.

RESULTS

Egg  sac  construction.  —  Egg  sac  construc-
tion  began  with  the  substrate  being  covered
with  thin  silk  threads.  The  female  spider
moved  in  circles  with  the  abdomen  directed
towards  the  center  of  the  web  in  order  to  join
the  radiating  points.  The  female  subsequently
positioned  herself  vertically  to  begin  egg  lay-
ing.  Approximately  30  min  later,  as  soon  as
the egg mass became granular and the outline
of  each  egg  was  visible,  the  spider  started  to
construct  the  cover.  The  abdomen  was  placed
over the eggs and threads were woven attach-
ing the apex of the egg mass to the substrate.
The  abdomen  was  moved  left  to  right  and  up
and  down,  with  the  body  being  turned  clock-
wise  and  counter-clockwise.  Construction  of
the  cover  required  about  4  h  (n  =  10).  The
first  silk  was  similar  to  that  of  the  substrate,
with  thicker  threads  being  added  through
movements  of  the  abdomen,  legs  and  pedi-
palps.  After  finishing  the  construction,  the  fe-
male  rested,  and  positioned  herself  over  or
next to the egg sac.

The  egg  sacs  were  disc-shaped  and  whitish,
with  an  average  diameter  of  18.8  ±  1.1  mm
{n  =  25;  range  =  14-20).  The  egg  mass  had
an  average  diameter  of  9.9  ±  2.4  mm  {n  =
25;  range  =  8-15  mm)  with  a  domed  arrange-
ment,  and  the  eggs  had  an  average  diameter
of  0.99  ±  0.01  mm  {n  =  25;  range  =  0,06-
1 ).

Fecundity  of  females  reared  in  the  lab
and mated once.  — In this study,  180 egg sacs
were  obtained  from  84  females  from  February
1996-February  1998.  Three  peaks  of  egg-lay-
ing  were  observed  (October  and  December
1996,  and  March  1997)  (Fig.  1).

Of  the  84  mated  females,  75  (89%)  laid  egg
sacs.  Of  these,  61.1%  {n  =  110)  were  viable
(spiderlings  emerged);  21.1%  {n  =  38)  were
destroyed  by  the  females  (the  eggs  were  eat-
en)  before  eclosion  and  in  17.8%  {n  =  32)  the
eggs  dried  out.  In  41%  (n  =  75)  of  the  spiders,
only  one  egg  sac  was  constructed.  However
many  also  laid  between  two  and  six  egg  sacs
31.1%  {n  =  56)  laid  two  egg  sacs,  22.2%  {n
=  40)  laid  three,  5%  {n  =  9)  laid  four,  1.6%
(n  =  3)  laid  five  while  one  female  laid  a  6th
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Months

Figure 1. — Ovipositions (fertile, destroyed and non-ecloded eggs) of 75 L. intermedia females with
known reproductive histories. The dates were obtained in the laboratory from February 1996-February
1998.

egg  sac.  Fertile  egg  sacs  were  not  obtained  in
the  5th  and  6th  ovipositions  (Table  1).

Fertile  egg  sacs  had  an  average  incubation
time  of  50.4  ±  11.7  days  {n  =  110;  range  ==
30-106),  an  average  number  of  spiderlings  of
20.4  ±  21.1  {n  =  110;  range  —  1-110)  and
an  average  number  of  non-ecloded  eggs  of
10.8  ±  13.8  {n  =  108;  range  =  0-68).  The
average  rate  of  egg  viability  was  70.2  ±
30.9%  {n  =  108;  range  —  4.2-100%).  The  re-
sults  obtained  in  successive  ovipositions  are
shown  in  Table  2.  The  number  of  viable  eggs
had  a  slight  but  significant  positive  correlation
with  the  time  spent  in  mating  1280  ±  836  sec
(«  =  75;  range  =  73-3757)  (r^  =  0.123;  F  <

0.01)  and  with  the  age  of  the  female  spider  at
the  time  of  mating  490  ±  39.9  days  {n  ^  75;
range  -  245-551)  (r^  -  0.054;  P  <  0.05).  The
period  of  latency  (period  between  two  ovi-
positions)  was  not  correlated  with  the  total
number  of  eggs  in  any  of  the  ovipositions.

The  number  of  viable  eggs  decreased  in
successive  ovipositions  (H  =  10.3;  P  <  0.01),
and the latency  period increased from the 2nd
oviposition  onwards  (H  =  71.8;  P  <  0.0001).
However,  the  length  of  incubation  (H  =  5.3;
P  >  0.05)  and  the  number  of  unhatched  eggs
(H  =  5.1  ;  P  >  0.05)  were  not  significantly
different.

Fecundity  of  wild-caught  females  with

Table 1
female L.
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Table 2. — Fecundity parameters for L. intermedia females known to have mated only once. (The values
are the mean ± s.e. with the sample size {n) and range in parentheses.)

Egg sacs

unknown  reproductive  histories.  —  From  the
64  females  collected,  36  constructed  egg  sacs
(56.2%).  Of  these,  20  laid  multiple  egg  sacs,
A  total  of  76  egg  sacs  were  observed  between
September  1994  and  March  1995.  Of  these,
57  were  viable  and  19  were  destroyed  by  the
females  (Fig.  2).

Oviposition  was  more  frequent  among  larg-
er  females  (x^  =  7.53;  P  <  0.01;  df  =  1)  than
smaller  females  (x^  =  0.95;  P  >  0.05;  df  =
1)  (Fig.  3).  In  females  with  unknown  repro-
ductive  histories,  up  to  three  fertile  egg  sacs
were  obtained  from  the  same  female  with  a
third  oviposition  being  observed  only  once.

The  average  number  of  days  between  consec-
utive  ovipositions  was  68.8  ±  26  days  {n  =
20;  range  =  18-136  days).  In  our  sample,
36.8%  of  the  ovipositions  showed  100%
hatching,  with  the  average  percentage  of  non-
viable  eggs  per  egg  sac  being  17.5  ±  28.5%
{n  =  57;  range  =  0-97%).  The  average  L.
intermedia  egg  viability  (proportion  of  hatch-
ing  eggs  per  egg  sac)  was  81.4  ±  30.9%  {n
=  57;  range  =  1-100%)  (Tables  3,  4).  The
number  of  eggs  (t  =  1.6;  P  >  0.05;  df  =  54),
spiderlings  (t  =  1.1;  P  >  0.05;  df  =  54)  and
non-viable  eggs  (t  =  0.53;  P  >  0.05;  df  =  54)
did  not  significantly  differ  between  the  first

Figure 2. — Ovipositions by 36 Loxosceles intermedia females of unknown reproductive histories in the
laboratory, from September 1994-March 1995.
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Figure 3. — Relationship between the sizes of female Loxosceles intermedia, leg I femur length and
cephalothorax area with an unknown reproductive history and the tendency to lay eggs.

Table 3 , — Fecundity in the laboratory for Loxosceles intermedia with an unknown reproductive history
(the values are the mean ± SD with the sample size {n) and range in parentheses).
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Table 4. — Variables for fertile egg sacs from L. intermedia with unknown reproductive histories main-
tained in the laboratory (September 1 994~March 1995). (The values are the mean ± SD with the sample
size («) and range in parentheses.)

and  second  ovipositions  (Tables  3,  4),  despite
a tendency to increase.

The length of  incubation appeared to  be  re-
lated to  air  temperature  and relative  humidity.
Most  of  the  fertile  ovipositions  were  incubat-
ed  at  21  °C  to  27  °C  at  a  relative  air  humidity
of  64-76%.  Larger  females  tended  to  deposit
more  eggs  (r^  =  0.062;  P  =  0.06;  n  =  57;  df
=  56),  with  a  slight  but  significant  correlation
between  female  weight  the  number  of  eggs
(r2  -  0.072;  P  <  0.05;  n  =  57;  df  =  56).

There  was  no  correlation  between  spider-
ling  weight  or  latency  to  oviposition  and  the
total  number  of  eggs,  spiderlings  or  non-via-
ble  eggs.  {P  =  0.008,  P  =  0.4,  df  =  105;  r^
=  -0.0003,  P  =  0.3,  df  =  105;  =  -0.018,
P  =  0.9,  df  -  105  and  -  0.003;  P  =  0.2,
df  =  105;  r2  =  0.003;  P  =  0.2;  df  =  105;
=  0.009;  P  =  0.9;  df  =  105,  respectively).

In  the  case  of  destroyed  egg  sacs,  the  av-
erage  time  in  which  they  remained  intact  was
8  ±  8.3  days  {n  —  19;  range  =  0-26  days).
Five  eggs  which  fell  from  destroyed  egg  sacs,
developed  normally.  Their  temperature  and
relative  humidity  during  the  incubation  period
are  shown in  Table  5.

Females  remained  close  to  the  egg  sac
throughout  the  whole  incubation  period.  Four
females opened the egg sac about six days be-
fore  the  eggs  hatched.  In  one  of  these  cases,
the  female  spider  ate  the  spiderling.

The  average  weight  of  the  wild-caught  fe-
males  (105.3  ±  57  mg  {n  =  36;  range  =  39.7-
264.8])  did  not  differ  of  the  spiders  reared  at
laboratory  (107.8  ±5.1  mg  [n  —  75;  range  =
101-118])  {t  =  -0.3;  P  =  0.7;  df  -  108).  In
egg  sacs  from  females  with  unknown  repro-
ductive  histories,  the  average  number  of  spi-
derlings  (41.2)  (U  =  2151;  P  <  0.01),  the  total
number  of  eggs  (49.5)  (U  =  2788.5;  P  <  0.01)
per egg sac, and the average percentage of egg
viability  (82.7%)  (U  =  2120.5;  P  <  0.001)
were greater than in females subjected to only
one  mating  (29.4,  36.5  and  70.2%,  respective-
ly).  Nevertheless,  the  average  number  of  un-
hatched  eggs  per  egg  sac  (U  =  2323.5;  P  <
0.01)  and  the  duration  of  incubation  (U  —
2033;  P  <  0.001)  were  greater  in  females  with
one  mating  than  in  those  with  unknown  re-
productive histories.

DISCUSSION

The  egg  sac  construction  of  L.  intermedia
(behavior  and  time),  and  oviposition  of  the
egg  in  the  number  of  sacs  agree  with  the  re-
ported  patterns  for  the  genus  (Galiano  1967
for  L.  laeta’,  Hite  et  al.  1966  and  Homer  &
Stewart  1967  for  L.  reclusa  and  Rinaldi  et  al.
1997  for  L.  gaucho).  Only  Delgado’s  (1966)
description  for  L.  rufipes  was  different.  This
author  noted  that  oviposition  required  one  to

Table 5. — Variables related to egg sacs destroyed by L. intermedia with unknown reproductive histories
in the period from September 1994-March 1995. (The values are the mean ± SD with the sample size
{n) and range in parentheses.)



FISCHER  &  VASCONELLOS-NETO—  FECUNDITY  IN  LOXOSCELES 677

two weeks and that the female positioned her-
self  over  the  egg  sac  within  a  silk  covering.

Females  with  unknown  reproductive  histo-
ries  produced  up  to  three  fertile  consecutive
egg  sacs  and  the  period  of  egg-laying  was  re-
stricted  to  seven  out  of  the  18  months  ob-
served.  On  the  other  hand,  females  with  only
one insemination constructed up to four fertile
egg  sacs  during  26  of  48  months  of  observa-
tion.  Hite  et  al.  (1966)  reported  similar  results
for  L.  reclusa,  in  which  already  mated  females
produced  a  smaller  number  of  egg  sacs  than
females  mated  only  once  in  the  laboratory.
However,  the  possibility  that  the  females  de-
posited  other  egg  sacs  could  account  for  the
results  of  the  latter  study,  the  difference  be-
tween  our  results  and  those  of  Andrade  et  al.
(2000).  In  these  studies  already  fertilized  L.
intermedia  oviposited  up  to  five  times.  De-
spite  the  probable  relationships  between  spi-
der  weight  and  size  and  the  number  of  eggs
produced,  the number of  egg sacs  is  very  sim-
ilar  among  many  species  of  the  genus.  For  L.
hirsuta,  up  to  the  three  fertile  egg  sacs  have
been  reported  (Fischer  &  Marques  da  Silva
2001).  For  L.  gaucho,  56.5%  of  the  females
that  constructed  more  than  one  egg  sac  ovi-
posited  three  or  four  times  (Rinaldi  et  al.
1997)  and  Bucherl  (1961)  also  reported  that
L.  laeta  and  L.  gaucho  laid  up  to  three  egg
sacs.  For  L.  reclusa  (Hite  et  al.  1966)  and  L.
laeta  (Galiano  &  Hall  1973),  5~15  oviposi-
tions  per  female  have  been  observed.  How-
ever,  these  data  were  not  confirmed  by  later
studies  of  L.  reclusa  (up  to  three  egg  sacs)
(Homer  &  Stewart  1967)  and  L.  laeta  (up  to
four  egg  sacs)  (Andrade  et  al.  2000).

The  total  number  of  eggs  and  number  of
fertile  eggs  was  significantly  greater  in  fe-
males  with  unknown  reproductive  histories,
suggesting  that  these  spiders  may  have  been
fertilized  more  than  once  or  were  healthier
from  living  in  the  wild.  It  is  possible  that  mul-
tiple  matings  can  favor  reproductive  success
resulting  in  a  larger  number  of  fertile  eggs
than  females  that  copulated  once.  The  same
point  can  be  made  about  multiple  egg  sacs.
According  to  Horner  &  Stewart  (1967),  fe-
male  L.  reclusa  that  mated  repeatedly  during
the  season  were  more  fertile  since  additional
mating  protected  against  the  gradual  loss  of
sperm  viability  and  inadequate  storage  capa-
bilities.

Oviposition  was  more  frequent  in  larger  fe-

males  which  also  tended  to  lay  a  greater  total
number  of  eggs  and  more  eggs  per  egg  sac.
These  observations  indicate  the  importance  of
foraging  success  on  fertility.  Interspecific  var-
iations  have  been  recorded  for  L.  laeta  and  L.
intermedia  (Andrade  et  al.  2000)  with  the  for-
mer  species  laying  a  greater  number  of  eggs
because  of  its  greater  size  and  weight.  The
average  number  of  eggs  per  egg  sac  varies
considerably  in  Loxosceles,  e.g.  50.1  in  L.  re-
clusa  (Hite  et  al.  1966),  61.3  in  L.  gaucho
(Rinaldi  et  al.  1997),  33.7  in  L.  hirsuta  (Fi-
scher  &  Marques  da  Silva  2001),  and  88.4  in
L.  laeta  (Galiano  1967).  Various  factors,  in-
cluding  the  female’s  physiological  state,  can
influence  those  results  since  an  average  of
only  23  eggs  per  egg  sac  has  been  reported
for  L.  reclusa  (Horner  &  Stewart  1967).  Rin-
aldi  et  al.  (1997)  attributed  the  low  values  re-
ported  by  Bucherl  (1961)  for  L.  laeta  and  L.
gaucho  (12-15  eggs  per  egg  sac)  to  the  con-
struction  of  egg  sacs  during  female  senes-
cence.  The  existence  of  morphological  and
numerical  variations  in  the  seminal  recepta-
cles  of  L.  intermedia  females  must  also  be
considered  (Buckup  1980;  Fischer  1994),  with
the  relationships  between  the  number  of  re-
ceptacles,  their  functionality  and  female  fe-
cundity  requiring  further  detailed  studies.  For
the females reared in the laboratory,  the num-
ber  of  viable  eggs  of  L.  intermedia  correlated
with  the  duration  of  mating  and  female  age.
According  to  Rinaldi  et  al.  (1997),  if  the  first
mating  in  L.  gaucho  females  lasted  more  than
double  the  female’s  age,  number  of  offspring
per  oviposition  was  lower.  In  the  Lyniphiidae,
the  relationship  between  the  duration  of  mat-
ing  and  egg  viability  was  related  to  the  time
required for the transfer of sufficient sperm for
the  construction  of  three  egg  sacs  (Suter  &
Parkhill  1990).

The  length  of  incubation  in  L.  intermedia
appeared  to  be  related  to  the  air  temperature
and  relative  humidity,  and  these  factors  ap-
peared  to  influence  how  long  the  spiderlings
remained  within  the  egg  sac.  Similar  studies
have  reported  values  of  36.7  days  for  L.  re-
clusa  (Hite  et  al.  1966),  40.1  days  for  L.  gau-
cho  (Rinaldi  et  al.  1997)  and  56.9  days  for  L.
hirsuta  (Fischer  &  Marques  da  Silva  2001),
and  these  appear  to  be  little  affected  by  vari-
ations  in  the  environmental  conditions.  The
time  interval  between  consecutive  oviposi-
tions  may  also  be  influenced  by  the  spiders’
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nutritional  state,  sperm  storage  and  stress
since  there  was  an  increase  in  this  interval  af-
ter  the  second  oviposition.  In  the  present
study,  females  with  unknown  reproductive
histories  had  smaller  intervals  (68.8  days)
than  females  with  one  mating  (116.7  days),
although  a  greater  number  of  egg  sacs  were
observed in the former

Loxosceles intermedia thus has a greater in-
terval  between  oviposition  than  L.  gaucho
(39.2  days)  (Rinaldi  et  al.  1997)  and  L.  reclu-
sa  (32  days)  (Horner  &  Stewart  1967).

The  average  number  of  non-viable  eggs  did
not  differ  between  the  two  groups,  although
non-viable eggs were seen in 63.2% of the egg
sacs  produced  by  female  L.  intermedia  with
unknown  reproductive  histories  compared  to
83.5%  in  females  with  only  one  mating.  The
presence  of  non-viable  eggs  could  reflect  a
lack  of  fertilization,  the  interruption  of  devel-
opment  because  of  environmental  or  biologi-
cal  conditions  and  the  possibility  that  these
eggs  were  eaten  by  older  spiderlings.  Non-vi-
able  eggs  have  also  been  reported  for  L.  hir-
suta  (42.7%  of  cases:  Fischer  &  Marques  da
Silva  2001)  and  for  other  spider  groups  (Val-
erio  1974;  Anderson  1978;  Christenson  et  al.
1979;  Downes  1985;  Gonzales  1989).

The  decrease  in  the  number  of  viable  eggs
in  successive  egg  sacs  was  insignificant  in  fe-
males  fertilized  only  once.  Contrary  to  the
findings  of  Eberhard  (1979),  a  reduction  in  the
number  of  eggs  in  successive  ovipositions  has
also  been  observed  in  L.  hirsuta  (Fischer  &
Marques  da  Silva  2001),  L.  gaucho  (Rinaldi
et  al,  1997)  and  other  spiders  (Downes  1985;
Gonzales  1989;  Willey  &  Adler  1989;  Suter
1990;  Wheeler  et  al,  1990).

The  destruction  of  egg  sacs  may  have  been
influenced  by  various  factors.  In  females
which  did  not  oviposit  more  and  which  later
destroyed  their  egg  sac,  this  behavior  may
have  been  influenced  by  physiological  condi-
tions  such  as  infertility,  age,  nutrient  shortage
or  stress.  Also,  since  sperm  storage  was  not
an important factor in egg sac destruction,  the
influence  of  air  temperature,  relative  humidity
and  stress  must  be  considered.  Although  the
relationship between the incubation length and
the  air  temperature  and  relative  humidity  was
low,  there  nevertheless  appeared  to  be  some
minimum  requirements  for  oviposition  and
egg  development  to  occur.  The  destruction  of
egg  sacs  by  females  has  been  recorded  for  L.

reclusa  (Hite  et  al.  1966)  in  which  the  females
sometimes ate their own eggs and the eggs in
some  egg  sacs  did  not  eclode.  In  L.  hirsuta,
55.6%  of  the  females  that  destroyed  their  egg
sacs  constructed  other  fertile  sacs.  A  similar
behavior  was  observed  in  Lycosa  malitiosa
Tullgren  1905  (Lycosidae)  (Capocasale  et  al.
1984)  and  was  attributed  to  the  peak  of  syn-
chronization  between  the  spontaneous  open-
ing  of  the  egg  sac  by  the  mother  and  spider-
ling  development.  As  observed  here,  Horner
&  Stewart  (1967)  also  noted  that  L.  reclusa
spiderlings  did  not  need  help  to  leave  the  egg
sac,  but  if  the mother was present,  she helped
to tear the egg sac.

Reproductive  success  in  L.  intermedia  is  in-
fluenced  by  numerous  factors  that  can  affect
spider  fertility,  including:  air  temperature,  rel-
ative  humidity,  length  of  mating,  female
weight,  and  female  age.  These  factors  are  rel-
evant  for  L.  intermedia  since  these  spiders  live
in  and  around  buildings  and  are,  therefore
subject  to  smaller  oscillations  of  environmen-
tal  conditions,  have  food  in  abundance,  have
large  populations  with  numerous  males  that
can  potentially  inseminate  any  given  females,
the  fecundity  is  likely  to  be  high  and  could
explain  the  abundance  of  this  species  in  Cur-
itiba.
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