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edge. Table 6 is illustrative in this regard in showing a comparison
of temperatures at selected locations along the shoreline. The concen=
tration of females with egg-sacs at midbeach is significant as suggesting
a modification of their temperature and humidity prefersnce at this stage
of the life cycle,

It is spparent by a consideration of the results in testing for a
general pattern of movement or migration along the lakeshore that nearly
as many females moved south as moved north from their location where first
sighted and to a comparable distance (Table 9). That is, eight femalss
moved north three or more times their average distance betwesn recaptures
compared to six that moved ;uuth an equal amount., It is possibles to con-
clude that there is no unidirectional movement or migration of females
along the lakeshore.

I believe the sample of 17 cases is tco limited to properly analyze
the movement of males along the lakeshore. A more adequate sample (31
males) was obtained from the numbers of marked spiders recaptured in the
pitfall traps at the two ends of the study site. These wsre spiders which
had previously been marked and released after capture in the pitfalls at
the south end of the study area and had subsequently moved northward a-
long the lakeshore.

During this seme period (19 days trapping in three intervals from
10 July to 14 Augqust) there were 27 male and 16 female recaptures in the
two south pitfalls of spiders which had moved in an cpposite direction
along the lakeshore, Table 1@ caompares thes? rasuitso It is evident
that about equal numbers of males are maowing in elither direction soc that
no urildirectional shift in the male population is oﬁcurrimgo

The data for femals recapturess would appear to indicats a southward
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TABLE 10
SUMMARY DOF THE

NUMBERS NF TRAP RE!:n{ TURES OF PARDOSA GROENLANDICA
SOSMIRHOLY MARKED AT VHE OPPOSITE END OF THE STUDY AREA

Trapping Period North Pitfalls (2) South Pitfalls (2)
Males Females Males Females
(1966) {yel.) (yel.) (yel.) {yel.)
18 - 29 July 16 2 10 11
(12 days)
4 -~ 6 August 7 5 8 3
(3 days)
11 - 14 August 8 0 9 2
(4 days)
Totals 31 7 27 16

Interpreted as Evidence of the Dispersion of Male P. g. in Approx-
imately Equal Numbers North- and Southward Along the Lakeshore,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



114
migration. A fraction more than twice as many females were recaptured
moving south as were moving north (16 south to 7 north). However, this
conflicts with evidence from the records of individual female movements
which I believe to be more reliable because of the larger sampling (70
spiders compared to 23) over a longer period of time (46 days compared
to 19).

My records of movements do not provide any evidence of especially

defended territories by P. groenlandica. The closest approximation is

during the period when the females carry their egg=-sac. Then their
movements are reduced and they will congregate in those midbeach locali-
ties which apparently have the most suitable sxposure to the sun, However,
I have not observed any individuals defending a particular locality for
their exclusive occupancy. When two females with egg-sacs encounter one
another they appear to accommodate to one another by simply moving apart
so as to equally space themselves throughout the area. V1ijm and Richter

(1966 b) report that Pardosa lugubris with attached egg-sacs also are

very tolerant of one another.
Males appear entirely mobile and cannot be identified to any par-

ticular locality during the summer.
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CHAPTER VII

SUMMARY

A dense population of wolf spiders, Pardosa groenlandica Th., was
investigated at a location on the east shore of Flathead Lake (Lake County),
Montana, in the vicinity of the Biological Station of the University of
Montana at Yellow Bay. The investigation was conducted during the summers
of 1954 to 1967 to study aspects of the life history and population dynam-
ics of these spiders. In addition, observations of reproductive bshavior
were made in June and July, 1961, at the Rocky Mountain Biological Lab=-
oratory, Gothic, Colorado.

A mark-and-recapture method was utilized from 21 June to 18 August,
1966 to obtain data on the spiders in the 2,000 square feet study area.
Some of the spiders were marked for individual identification by painting
their legs or backs with quick-drying enamel paint in a distinctive pat-
tern, A total of 148 adult female and 43 adult males were thus marked
and observed. In addition, six plastic dishpans were installed along the
lakeshore as pitfall traps and maintained during the summer of 1966, The
spiders thus captured were marked to identify the trap location but not
in an individually recognizable pattern. During the nineteen days that
the pitfalls were operated a total of 962 spiders was marked. O0f these,
260 males and 243 females were trapped in the study area proper. "Recap-
tures" consisted for the most part of re-sighting the marked spiders dur-
ing the census surveys conducted at nearly daily intervals through the
study area., In addition, spiders were recaptured frequently in the pit-
falls.

The data thus obtained have made possible an analysis of the re-

productive behavior, natality, mortality and/or disappearance rate, and
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population dynamics for this species which has never been reported pre=
viously,

With regard to reproductive behavior, the courtship routine of the

male P, groenlandica is described. Mating behavior is described on the

basis of observations of seven different instances. Egg-sac preparation
is described based on twe observed instances which allow a comparison of
normal and abnormal behavior. A hypothesis emphasizing the importance

of the spinning activity enshrouding the germinal emmision to eliciting
the attachment and transport behavior by the female is proposed. The
length of egg=-sac transport was determined to be 17 days for the nine-
teen cases observed. Eggs and spiderlings were determined to continue
their development without attention by the female if kept at saturated
humidity and constant moderate temperature. 1In this speciss development
proceeds as egg, deutova, pre-nymph, and nymph before the emergence fraom
the egg-sac. However, development appeared to occur conspicuously faster
in response to the female®s sunning activities. After their emergence
from the egg-sac, spiderlings were tramsported on the backs of the female
for two days with but one exception (three days) of the total cof elesven
different instances observed.

Aspects of natality investigated were the breeding period and num-
ber of broods, number of progeny, seasomal variations in natality, and
the realized reproduction. The prepcnderance of the egg-sacs was shown
to be prepared by mid-=July although females with egg-sacs can be observed
along the lakeshore throughout the summer. Four females were identified
positively to have prepared two egg-sacs during the summer, Ten acdditional
females were suspected to have prepared two egg-sacs. The total represents

20% of all the females for which records were kept in this study. The mesan
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contents of 38 egg-sacs examined was 90 spiderlings. The number of spi-
derlings noticeably declimed as the summer progressed, Ten egg-sacs col-
lected between 1 - 17 August had a mean content of 69 spiderlings. A
few sacs of small content, however, consistently occurred. For the mid-
July period of maximum population, 29% of the observed adult females
were noted with attached egg-sacs. Assuming that all the adult females
in the population in the course of the summer prepared an egg-sac, the
annual production of eggs would have been approximately 100,000, This
represents a resalized reproductive potential 50 times the previous adult
population,

The percentage of arrested development of the young within the egg-
sac was observed to be only 1.1% of the total contents of all 34 egg-sacs
examined. Female consumption of the contents of apparently late-season
and unfertilized egg-sacs occurred occasionally, There was a distinct
difference between the mean numbers of eggs in the egg-sac (90) and the
number of spiderlings transported on the back of the female (67).

A major predator of the P. groenlandica population was the digger

wasp Anoplius ithaca Banks (Pompilidae). £ight instances are reported

in detail to describe aspects of recognition and mutual responses by the
wasps and spiders, manner of prey transport and orientation of the wasp
to its burrow. Two hypotheses are proposed based on these cbservations.
First, that the spider initiates the actual encounter with a wasp by
pouncing at it as an intended victim. Second, that the wasp re jects
adult male spiders as suitable victims.

The shrew Sorex vagrans was established for the first time as a

predator of this species,

Aspects of the population dynamics investigated were density,
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dispersion, and movement. The adult population was noted to be at its
peak (2177 maximum on 16 July, 1966) for a period of about a week at
mid=July and then to begin to decline. At the end of the first week
of August, the population had declined by 34.4%. A disproportionate
reduction in the numbers of male spiders was noted during this period;
the numbers of males declined 20% faster than for the females. It was
observed in mid=August that there were 60% more females than males. This
is surmised to be a consequence of a greater longevity by females,

The estimated density of the maximum adult population at mid-
July was calculated for the beachfront as 4,08 spiders per square foot
and for the midbeach portion as 80.70 spiders per square foot. ODescribed
in terms of the length of the water line for the study area, the density
was 22 adult spiders per meter of water frontage., This is twice the
density reported by the previous most comparable study.

The dispersion of both males and females was tested by comparing
the observed distribution to a Poisson distribution as a mathematical
model for a purely random spacing. These calculations indicated that
there was much less than one chance out of a hundred (P< 0.01) that the
observed distribution of either males or females would occur purely by
chance. This seemed to bse in response to the differences noted in temper-
ature, humidity, and light exposure between the beachfront, along the
water's edge, and the midbeach portions of the lakeshore. The greater
abundance of food along the water's edge also was hypothesized to be a
contributing factor.

The analysis of movement was conducted for a total of 70 females
and 17 males that were marked in an individually recognizable manner and

had been re-sighted a minimum of five times over a period of at least a
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week. In general, females were determined to move greater maximum dis-
tances than males (the mean for the males was approximately 48 feet com=-
pared to 73 feet for the females) and a greater average of distance be-
tween successive fecaptures (the mean for the males was 14.5 feet com=- -«
pared to 30.5 feet for the females). The amount of movement by females
was noted to vary with different stages in the life cycle, so that the
median of the average distance of movement between successive recapture
for females increased more than six times, from 3 to 19 feet, after they
abandoned their egg-sacs. This was hypothesized to be significant for

ef fective dispersal of the spiderlings.

Comparison of these results to similar studies previously reported

is made.
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APPENDIX A, 125

Calculations of P. groenlandica population estimates by the Lincoln-
Peterson index analysis of all painted spiders marksd in the study area
and observed during census surveys at selected three-day intervals,

P = average estimated population for the three day periodg M = number
of eplders marked in the pre«census periodg s = total number of spiders
sighted during the three day census periodi; and R = total number of
marked spiders resighted during the three-day census period.

7.8, 9 Jul

Mmaless m (to 7/8) = 38 : .
S = 559/ ) P = MeS o 38_x%x 559 o 21,242 5 443
! = 48 R 48 48
All m (to 748) = 81
Femaless S = 423 p = MeS . Bl x 423 = 34,263 = 591
R = 58 R 58 - B8.
13, 14, 15 July
Males m (to 7414 4
ae S i 22311 ) = 40 P = mes & 40 x 323 . ;20920 = 9273
R =14 R ia4 14
All m(to 7/14 102
Femaless S i 422/ ) = P & MeS 5 102 x 422 = 43,044 _ 683
R = &3 R 63 63
18,319, 20 July
Malés: m (to 7 67
* 5 i ;-,2'{19) N P« MeS .. 67 x 172 . 11,524 = 576
: R = 20 R 20 20
All m (to 7/19) = 122
femaless S = 174 p = MeS . 122 x 174 , 21,228 _ 624
R = 34 R 34 34
27, 28, 29 July
Malies: ;l itgszlza) e 192 P = MmeS - 1'92 x 137 - 26 .304 = 299
R = 88 R 48 88
ALl m (to 7/28) = 295
Femaless S = 380 p = MeS 295 x 380 _ 112,100 . 274
R = 157 R 157 157
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4 5, 6 August

Males:s g Stg?B/S) = 216 p=MS 216 x 91 _ 19,656  _ .4
= =S TRTT 5B Y B
R = 58
All
Femaless m (to 8/5) = 329 _M S . 329 x 314 _ 103,306 . 662
S = 314 P === =% 156
R = 156
11, 12, 13 August
Maless m (to 8/12)= 242 MS . 242 x 52 _ 12,584 _ 340
S = 52 P = R 77 _..3.,%.,.__@
R = 37
A1l
Femaless M (to 8/12)= 362 mS __ 362 x 288 _ 104,256 _ 4gq
R - 151 TR ST TR
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AFPENDIX B. Estimate of male P. groenlandica population by analysis after Schnabel
of all spiders marked and resighted during census surveys through the study area.

P = estimated population; S = total male spiders seen; M = total marked male spiders
available; and, R = total number of marked male spiders resighted during census
survey.

Date
(1966) S M R M-S M-S R p=MS
June 21 29
22 34 6 1 1 0 34 6 34 6 Q 0 = -
23 - 7 - 3 - 1 = 21 - 27 - 1 - 27
24 no observations
25 12 19 3 3 0 0 36 57 70 84 0 1 - 384
26 no observations
27 35 13 14 14 0 2 490 182 560 266 0 3 - 89
28 no observations
29 30 18 15 15 1 0 450 270 1010 536 1 3 1010 179
30 28 21 18 18 3 3 504 378 1514 914 & 6 379 152

July 1 no observations
2 no observations
3 - 21 23 23 - 2 - 483 - 1397 - 8 = 175
4 = 30 26 26 - 3 - 780 = 2177 = 11 = 198
5 = 42 29 29 = 6 - 1218 - 3393 = 17 - 199
6 36 55 31 31 7 7 1116 1705 2630 5100 11 24 239 213
7 73 16 35 35 17 3 2555 560 5185 5660 28 27 185, 210
g8 17 19 38 38 2 3 646 722 5831 6382 30 30 194 213
9 239 195 38 38 15 8 9082 7410 14913 13792 45 38 331 363
10 no observations
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APPENDIX B. (Continued)

Date .
(19€6) S M R M-S M-S R P = l‘iﬁrﬁ
Aug. 5 - 5153 63 - 5 = 315 = 40174 = 258 - 156
6 28 33 160 68 18 23 4480 2244 81127 42418 253 281 321 151
7 no observations
8 no observations
9 5 9165 68 2 5 825 612 82104 43030 255 286 322 150
10 no observations
11 6 17 164 68 2 14 984 1156 83088 44186 257 300 323 147
12 11 12 169 73 10 6 1859 876 84947 45062 267 306 318 147
13 - 6170 74 - 5 - 444 - 45506 = 311 - 146
14 - 10176 74 - 8 = 740 = 46246 = 319 = 144
15 no observations
16 - 10173 76 - 7 - 760 - 47006 - 326 = 144
17 10 15173 76 6 11 1730 114C 86677 48146 273 337 317 143
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APPENDIX C. Estimate of female P. groenlandica population by analysis after Schnabel
of all spiders marked and resighted during census surveys through the study area.

P = estimated population; S = total female spiders seen; M = total marked female
spiders available; and, R = total number of marked female spiders resighted during
census survey.

Date

(1966) S M R M-S M-S R p=MS5
June 21
22 44 25 3 3 1 0 132 75 132 75 1 0 132 -
23 - 17 5 5 - 1 = 85 132 160 1 1 132 160
24 no observations
25 17 53 5 5 ¢ O 85 265 217 425 1 1 217 425
26 no observations
27 58 10 15 15 2 0O 870 150 1087 575 3 1 362 575
28 no observations
29 27 14 21 21 2 1 567 294 1654 869 5 2 331 434
30 37 30 28 28 1 3 1036 840 2690 1709 6 5 448 342
July 1 no observations
2 no observations
3 = 47 47 47 - 8 - 2209 = 3918 6 13 - 301
4 - 40 54 54 - 6 = 2160 - 6078 6 19 - 319
5 - 48 58 58 - 8 - 2784 = 8862 6 27 - 328
6 40 48 62 62 3 6 2480 2976 517C 11838 9 33 574 356
7 52 8 76 76 9 0 3952 608 9122 12446 18 33 507 377
8 12 21 81 81 3 3 972 1701 1C09% 14147 21 36 481 393
9 187 142 82 82 21 22 15334 11644 25428 25791 42 58 605 444
10 no observations :
11 14 38 87 87 1 7 1218 3306 26646 29G97 43 65 620 448
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APPENDIX C. (Continued)

Date
(1966) S M R M-S M-S P = P%é
Aug. 7 no observations
8 no observations
9 4 53 240 111 26 960 5883 133278 180021 268 651 497 277
10 no observations '
11 15 57 240 111 29 3600 6327 136878 186348 276 680 496 274
12 21 102 245 117 54 5145 11934 142023 198282 283 734 502 270
13 - 93 249 118 53 = 10974 - 209156 - 787 - , 266
14 - 84 249 119 49 - 9996 = 219252 - 836 = 262
15 no observations
16 - 68 254 125 34 = 8500 = 227752 - 870 - 262
17 25 78 254 125 36 6350 9750 148373 237502 292 568 ' 262

906

rA%2
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n

The expression §mm where N is the number of quadrats,
n.e

m is the mean number of organisms per quadrat and e=2.7138,

the base for natural logarithms, permits the determination

of the expected occurrences of organisms by purely random

distribution of female Pardosa groenlandica in this study

are as follows:

N = 5C0 and log N = 2.69897; m = 0.908 and log m = 9.95809-

10; and e = 2.718 and log e = 0.43429

: . N = 200
For O spiders per quadrat: = 5515 0908
5C0 - - 8)= - =
Log 5150 908 2.69897-(0.43429)(0.908)=2.69897-0.39434
2.30463

N _ = antilog 2.30463 = 201.7

e
- 3 tad . N = 200¢0 _.908
For 1 spider per quadrat: E% = 2.7%8 0.9%8
Log 300(0.908) = 2 .69897+(9.95809-10)-0.43429(.908)=

2.718 0.908
12.26272-10

D@ = antilog 2.26272 = 183.1
= RL-ENYY
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For 2 spiders per quadrat: %gém = goggg'ggggzu.auu

2
Log 200(0.908 = 2.698974+2(9.95809-10) -
°8 7718y 0 897+2(9.95809-10)

/0.30103+0.43429(0.908)/

= (22.61515-20) - 0.69537 = 21.91978-20

Nm = antilog 1.91978 = 83.1
2'el ) ————
Nm-3 - 500(0 908)3
For 3 spiders per quadrat: I8 = :

3lel (3.2.1)(2.718)V.7Us

3
Log 200(0.908) = 2.69897+3(9.95809-10) -
8 6(2.718) 0908 ( )

/0.77815+0.43429(0.908)/ = 1.40075

3
35m = antilog 1.40075 = 25.2
4 4
. . Nm - 500(0.908 .
For 4 spiders per quadrat: ZTom (4.§_2'1)22_718)U.908
4
Log 200(0.908) = 2.69897+4(9.95809-10) -
& 24(2.718) U908 ¢ )
/1.38021+40.43429(0.908)/ = 0.75678
4
%%Em = antilog 0.75678 = 5.7
Nm3  _ 500(0.908)°>

drat:
For 5 spiders per quadra P 543 2. D718 U908

500(0.908)2 = 2.69897+5(9.95809-10) -
L . .
°8 120(2.718)0-908

/2.07918+0.43429(0.908)/ = 0.01590

Nm = antilog 0.01590 = 1.0
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For 6 or more spiders per quadrat:
500 - (201.7+183.1+83.1+25.2+5.7+1.C) = 500-499.8 =

0.2 :
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N

The expression —Tom

where N is the number of quadrats,
m is the mean number of organisms per quadrat and e=2.718,
the base for natural logarithms, permits the determination
of the expected occurrences of organisms by purely random

spacing in a number of quadrats. The calculations for the

expected random distribution of male Pardosa groenlandica

in this study are as follows:

N = 500 and log N 2.69897; m = 0.306 and log m =

9.48572-10; and e

2.718 and log e = 0.43429

i . N = 500 N
For 0 spiders per quadrat: & ST 305
500 - -(0.43429)(N.306)=2. .7-0.13289=
Log 5515 0T3T6 2.69897-(0.43429)(N.306)=2.6989.7 2
2.56608

N __ = antilog 2.56608 = 368.2

P AL
For 1 spider per quadrat: N3 = 300(0.305)

em 2.718 U.3Ub

. 500(0.306) _ 2-10)-(0. .306
Log 2.7§8 208 = 2.69897+(9.48572-10)-(0.43429)(0.306)

= (12.18469-10)-0.13289 = 2.0518C

Nm_ — antilog 2.05180 = 112.7
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For 2 spiders per quadrat: Nm? 5@@(@°3@@32 g
2ieH (2.1)(2.718) t.3%0

500(0.306)2 " .
L 2.69897 + . -109) -
og Fer T 0y 7 + 2(9.48572-10)

/0.30103+0.43429(.306)/

= (21.67041-20)-0.43392 = 21.23649-20

STom antilog 1.23649 = 17.2

For 3 or more spiders per quadrat:

500 - /368.2 + 112.7 + 17.27 = 1.9
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APPENDIX F., Calculations for the Chi-Square Test to Compare the

Observed and Theoretically Expected Random Distributions of Male and

Female Pardosa groenlandica.

For Femalas:

No. of females
per quadrats

Observed (Fn)s

Expected by Poisson
distribution (Fe)s

Fo = Fe

(F, - Fo)?
(Fg - F)?

FG

x2 (Jee, - £)2
([

For Maless

No. of males
per quadrat:

Observed (Fo)s

Expected by Poisson
distribution (f_)s

fo = fe

) 2
(Fo - Fe)
2
(Fo = f,ss;)

f1‘9

X2 = (fo = fJ.e)z =
{a—

(1]

323.0

201,7

120.3

14,472,191 9,623.6 2,125.2

717

= 117307

o

394.0

368.2
25.8

665.6

1.8

90.4

183.1

=98.1

1

85,0 37,0

92.5

Degrees of
freedom (df) = 5

1

77.0

112.7
=35.7

127.5

113

Degrees of

8301

=46,1

25.5

20,0

25,2
=5,2

27.0

101

15,0

17.2
=2.2

4.8

0,28

freedom (df) = 3

4 5 6+

12.0 9.0 194.0

5.7 1.0 0.2
6.3 8.0 13.8

39,7 64,0 1,904,0

6.9 64.0 952,0

P<0.01

14,0

1.9
12.1

146.4

P < 0,01
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