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V. Executive Summary

lh 1982 SCE announced changes in {ts energy policy, and the intention to
promote development of solar, wind and geothermal energy sources. These land-
{ntensive technologies raised issues associated with- loss of habitats of various
species of desert plants and animals. One of these species was the desert
tortoise. Over the past 10 years this species has increased dramatically in
social importance--not only in California, but also throughout its range in the
western U.S. (1nc1ud5ng parts of Arizona, Nevada and Utah). State and federal
agencies have supported studies of local distribution, abundance and habitats.
These studies have shown that some habitats of the desert tortoise have been and
are (ntinuing to be serfously disturbed by human activities. Strong '
circumstantial evidence suggests that the abundance of the tortoise has declined
in many parts of its range. Concern for the tortofse in southwestern Utah led
to 1ts listing as Threatened under the Endangered Species Act in 1980. In
September 1984 the Defenders of Wildlife, Natural Resource Defense-Council, and
. Environmental Defense Fund petitioned the U.S. Fish and Wildlife Service to list
the tortoise as Endangered throughout its range in Arizona, California and
Nevada. In December 1985 the Service determined that 1istng was warranted so
the tortoise will remain a species of social and biological importance in
California. ' ‘

Causes of tortoise habitat disruption are manifold. One source of
impacts--both past and present--is construction and operation of energy
facilities. Development and transmission of energy involves building and
maintenance of gas and water pipelines, transmission and distribution lines,
roads, raflroad spurs, wells and power plants. The desert tortoise played a

conspicuous role in mitigation measures and research prescribed by the State



Energy Commission in its 1983 decision regarding certification of the Solar 100

facility in Johnson Yalley.
The planningmoimlongztermLstudies*ofw;hemdesenzmtnnxntse_empnasizeﬂmbel1ef'

in the value of fundamental research relating to the population ecology of the
species. While it was understood that basic research would not necessarily
enable the prediction of effects of mitigating actions, it was believed that
such investigations would provide an improved basis for planning specific
mitigation-related experiments. The Goffs project, dealing with tortoise
reproduction and sufviva1, and the integration of these processes into a life-
table, was developed in keepng with these convictions.

This report is the last in a series of four, and summarizes four years of
work near Goffs, in eastern San Bernardino County, California. Rates of
tortoise reproduction and survival were measured over this interval, and average
rates of births and deaths used to construct a life-table. The table developed
in this manner showed that the befs popu1a£i§6 fs increasing at a rate of
2% per year. One result of simulation experiments with the life-table was the
demonstration of how difficult it is tgﬁpredict changes in the well-being of
populations'whdse members may 1fve for 80 years or more. Destructive effects
may not be clearly discernible for many years. On the other hand, our findings
suggest that short-term negative influences--if reversiblg--will not be
dangerous to the long-term perpetuation of the species. Irreversible
deterforation of environments will, however, eventually lead to local

extinctions.



VI. Introduction

Woodbury and Hardy~(1948)‘prov1ded an extensive description of the natural
history of the desert tortoise in southwestern Utah, but following their study
no further research involving natural populations of this species occurred for
almoét 30 years. Congressional appropriation of money for the development of a
management plan for the California Desert Conservation Area in 1976 stimulated
new interest in conservation of the state's desert wildlife resources. The
Desert District Office of the U.S. Bureau of Land Management sponsored various
studies of the desert tortoise between 1976 and 1985, and these activities have
been reviewed by Berry (1986).

The California Energy Commission was established in 1975, and the renewed
interest in the.desert tortoise stimulated concern in the Commission as to
effects of power plant construction on tortoise populations. Some of the
specific problems faced by fhe Southern California Edison Company in this
respect have been reviewed by Pearson (1986). Utilities will have to consider
1ikely effects of energy-related projects on the tortoise, and how such effects
can be reduced or mitigated. For example, is it biologically defensible to
relocate tortoises? If so, what are the most effective techniques and
safeguards? Are there economically feasible ways in which tortoise habitat can
be improved? Are there realistic procedures for protecting the quality of
existing tortoise habitats? Attaéking these questions requires, first, a sound
understanding of the natural history of the tortoise and the dynamics of its
populations and, second, the conduct of appropriately designed field

experiments.

This study was directed towards the first of these two 1ines of endeavor,

viz., the description and analysis of the dynamics of a natural population of



desert tortoises. The study area selected was near Goffs, in eastern
San Bernardino County, California (Fig. 1). This area supports a heal thy

population of tortoises on a site subjected to only slight human disturbance.

The density of tortoises in this gemeral region exceeds 400 per mi, which is
high relative to estimated densities in other parts of the species' range. We
measured rates of egg production over a period of four years, and were able to
determine how reproductive rates were affected by female body size and year-to-
year differences in rainfall and available plant food. We measured the
incidence of destruction of eggs by predators, and the natural fertility rate of
eggs escaping predation. At the same time we measured growth rates of tortoises
and estimated size-specific death rates of tortoises of both sexes. These
elements of popvlgtfon dynamics were combined in a 1ife-table, in which our
estimates of mean fecundity and survival were combined to illustrate the
generalized function of the Goffs population. This model my have important

beéfing on future studies of tortoise-related mitigation measures.
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San Bernardino Co.,
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Needles

i-'ig. 1. General locale of study area (above) and. expanded view of
Goffs area (below). Figures in lower illustration give
elevations (m).
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VII. Methods and Results

A. Rainfall

Noy-Meir (1973) defined deserts as “...water-controlled ecosystems with
infrequent, discrete, and largely unpredictable water inputs.” Net primary
production may be variable from one year to the next and the functioning of
populations of desert animals are accordingly influenced by year-to-year changes
in available food and energy (Turner and‘Chew, 1981). We began measurements of
rainfall at Goffs during the spring of 1983 and continued these until the end of
1986 (Table 1).

The plienology of plants in the Mojave Desert is largely governed by winter
rainfall (Beatley, 1974). The occurrence, or non-occurrence, of a heavy
regional rain of at least 25 mm some fime between late September and early
December is the factor of greatest single importance in determining germination
of annual plants and their subsequent growth. Because of this point we have
supplemented the rainfall data in Table 1 with rainfall measurements made at
Needles between 1 October and 31 December 1982'(43.3 mm) and 1 January and

31 March 1983 (75.2 mm). We recognize that mean annual rainfall at Needles

exceeds that at Goffs.



Table 1. Rainfall (mm) at Goffs, 1983-1986
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Years

Intervals

Plot 1

Plot 2

1983

1984

1985

1986

April=June
July
August
September
October
November
December

January-May
June

July
August
September
October
November
December

January
February-March
April=dune
July-August
September
October
November-December
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April-duly
August
September
October
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Table 2 summarizes rainfall data for the entire period of the study,

drawing on our measurements {(beginning in April 1983) and records from the

Needles Afrport (for October 1982 through March 1983).

Table 2. Summary of rainfall (mm) between October 1982
and December 1986. Hydrological years pertain to intervals
between October (year n-1) through September (year n).

Year Calendar year Hydrological year
(n) . Plot 1 Plot 2 Plot 1 Plot 2
1983 377 353 ' 285 217
1984 159 139 239 203
1985 78 74 110 112
1986 122 137 A 58 59
/’_"/ i‘ i‘l‘\;l&i
S T N B
'/AD\ /,/. B " .\ ,“ ’}- stf / 4 \U\
g AN 4 ! e
q\,/ SR = bt oY 6
Ve ¥ Y
" 1937



- 15 -

B. Abundance and Biomass of Annual Plants

Annual plants were sampled along two 100-m transects. Locations and
orientations of these lines (I and 1I) were described by Burge (1980). Twenty-
five sampling points were established at equal intervals along these transects
and annual plants examined 4n quadrats at each point. Visual estimates of
coverage by major species were made using 20 x 50 cm (0.1 mz) quadrats. Data
from 25 quadrats were then combined to estimate mean coverage (cmz/mz)-by
species. Procedures followed were similar to those used in sampling annuals
along Transect I in 1§80 (Burge, 1980). |

We also estimated aboveground biomass of major species along each transect.
Quadrats (I mz)'were established at 25 points along each line and plants
growing in all (or portions) of these areas were collected, sorted, and placed
in paper bags. Species of Pectocarya were not segregated. Areas collected

2 quadrats varied from the entire area (for uncommon species) to

within 1 m
subquadrats as small as 0.1 m2 (for species like Pectocarya and Schismus).
Plants collected were oven-drieq at 70° C for 100 hours and then weighed.
Estimated standing crops were computed by dividing total dry weights of species
(or species groups) by the total area examined for each species.

Sampling during 1986 was carried out on 3-4 April. MWinter rainfall
preceding the 1986 growing season was scanty (Table 2) and few annuals
germinated. We sampled early so as to measure what sparse growth occurred. No

further, growth was observed later in the season. Table 3 gives biomass

estimates for 1986,
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Table 3. Estimated aboveground dry matter biomass (g/mz)
of annual plants in Plot 1 in early April 1986.

Species Transect ! Transéct Il

Medi terranean schismus ‘
(Schismus barbatus) 14.67 6,36

Pectocarya spp. 0.15 0.54
Peppergrass
(Lepidium lasfocarpum) 0.11 0.01 .
Cryptantha spp. 0.01 0.12
Golden yarrow.
(Eriophylium spp.) = : 0.10
Bird's foot trefoil
(Lotus tomentellus) 0.06 , -
Poppy :
(Eschscholtzia minutiflora) 0.06 -
Styjocline micropoides | - 0.07
Filaree |

- (Erodium cicutarium) 0.01 -
Other species 0.01 : 0.01

Totals 15.1 7.2

Table 4 reviews estimates of mean net dry matter production by annual
plants along the two transects in Plot 1 between 1983 and 1986, and also gives
measurements (or best available estimates) of rainfall for a 6-month interval
{October-March) preceding each growing season. The table distinguishes between
net production by annual herbs and that by a grass--Mediterranean schismus

(Schismus barbatus).
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Table 4, Winter rainfall and net dry maiter,production
by annual plants in Plot 1 at Goffs, 1983-1986.

Years October-March Mean dry matter nﬁt production
: rainfall (mm) (g/m®)
' Annual herbs Annual herbs
—and Schismus only

1982-83 118! 42 14
1983-84 136% 4.3 0.3
1984-85 , 91 3.8 2.6
1985-86 37 11.1 0.6

1Needles Airport, no available data for Goffs

2on‘ly 1 mm after December 1983

There 1s no clear relationship between winter rainfall anq plant production
because of the apparently high winter rainfall value preceding the 1984 season.
We commented on this in an earlier report (Turner and Berry, 1986: 42),
emphasizing that the virtual absence of rain between 1 January and 31 May 1984
apparently inhibited vegetative development of plants germinated during the
winter (see also Beatley; 1967, 1974). Turner and Berry (1984: 50) commented
that during the spring of 1984, when both annual plants and Schismus were
abundant, tortofses showed an overwhelming tendency to consume leguminous herbs
and essentially ignored the grass. This observation implies a difference in the
palatability (or possibly the nutritive quality) of the two kinds of plants, and
1s the reason for separating production estimates for herbs and grasses and for~

herbs only.
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C. Structure of the Plot 1 Population

Table 5 gives the observed size distribution of the tortoises registered in

Plot 1 in 1986. None of the sampling between 1983 and 1986 indicated anything

Table 5. Size distribution and sex ratio of desert tortoises
registered in Plot 1 during the 1986 season.
/s
e

( Carapace \Y Unsexed Males Females Totals

length (mm)}

<60////{ 7 7
g

T60-99 21 21
100-139 26 26
140-179 24 24
180-207 7 25 32
208-239 15 66 81

>240 58 2 60
Totals 78 - 80 93 251

other than a 1:1 sex ratio among adult tortoises. Table 6 summarizes the annual
registries compiled between 13983 and 1986. A Chi=-squared (Xz) test of these
four d{stribut1ons shows an extremely low probability that they could have all
been drawn from the same population. The reason is that the 1983 sample differs
from the other three in a relatively higher proportion of tortoises <100 mm long.

and a relatively lower proportion of tortoises >207 mm long. The 1984-1986
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Table 6. Observed size distributions at Goffs, 1983~1986.

" Size (mm) 1983 2 1984 2 1985 2 1986 4
<60 24 5.4 13 4.7 10 3.6 7 2.8
60- 99 101 22.4 25 9.0 23 8.3 21 8.4
100-139 62  13.8 I/ 12,5 4  16.2 26 10.4
140-179 43 9.6 27 9.7 25 9.0 24 9.5
180-207 47  10.5 28 10,0 30 10.8 32 12.7
208-239 98  21.8 84  30.1 88  31.6 81  32.3
>240 74 165 61 24,0 §7  20.5 60  23.9
Totals 449 279 278 251

samples do not di ffer significantly (x2 = 7.0, )(20.05 = 21).

We believe that the differenée between the distributions in Table 6 is
_much more likely to reflect sampling biases rather than a real change in
population structure. MNote that far fewer tortoises were registered in 1984
than in 1983. Between 29 March and 8 May 1984 434 person-hours of searching
yielded 183 tortoises (0.35/hr). The comparable figure for 1983 was 0.84/hr.
These figures refer to tortoises of all sizes. Registrations of tortoises
<140 mm Yong in 1984 and 1983 were, respectively, 0.04/hr and 0.30/hr.
Following substantial rains during October-November 1983, only 18 mm of rain
fell between December 1983 and the end of May 1984, Small tortoises were

apparently more adversely affected by these conditions than larger ones.
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Differences in sampling effort and focus may also influence population samples
(Turner and Berry, 1986: 18). There is, théﬁ. no easy way to determine the true:
size distribution of a population of desert tortoises. 0f the four
distributions shown in Table 6, the best representation is that for 1983. Here
we were fortunate to combine -an intensive ﬁhoft-termvsamp1ing effort with '

favorable environmental conditions.

D. Egg Production by Tortoises

Measurements of egg production by tortoises were made between 1983 and 1986
in Plot 2 and during 1985 and 1986 in Plot 1. Subject female tortoises were
fitted with batteries,Aradiotransmitters and antennae so that they could be
located as required. Our general procedure was to locate a group of 4-6 females
in the late afternoon. The following morning these were collected, X-rayed. and
returned to the plot. These steps were repeated until all of the tortoises
(or as many as could be found) were processed. We uséd a medium speed Cronex 4
X-ray fiim, metal cassettes with 1n£ensifier screens, gnd exposure times of
0.25 s. Further procedural details were given by Turner et al. (1986).

Tables 7 and 8 present information derived from radiographs in the two
plots in 1986. Table 7 requires some additional explanation. Only the first 18
tortoises in the table were observed over the entire duration of the breeding
season, and only these individuals provided estimates of clutch frequency. The
records for tortoise number 623 show the presence of one oviductal egg in early

“April. This is the same small egg {1lustrated in Fig. 3D of an earlier report
(Turner and Berry, 1986: 23), and was apparently retained in the tortoise
between 30 June 1985 and 1 April 1986. Later in the 1586 séason a normal clutch
.of four eggs developed and the 19 June X-ray showed that all of these eggs had

been laid.
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Table 7. Numbers of eggs in radiographs of desert tortoises in
Plot 1 at Goffs in 1986. Underlining indicates the same clutch.

Tortoise Carapace Mar 30- Apr Apr  May May June June Clutch -
number length Apr 1 9-11 23-24 8-10 22-24 4-8 18-22 frequency

(mm)

8 222 0 0 0 5 5 0 0 1
18 220 0 0 0 0 0 4 0 1
20 224 0 0 0 s 5 0o 0 1
a5 . 250 0 0 0 7 7 6 0 1
48 229 0 0 0o 6 6 o 0 1
52 203 - 0 0 © 0 3 o o 1
67 211 0 0 0 4 4 0 0 1

188 194 0 0 0 2 2 2 0 1
234 211 0 0 5 5 0 0 o 1
253 213 0 0 0 0 0 0 3 1
414 228 0 0 33 3 30 1
430 216 0 0 0 4 4 0 o 1
432 196 0 0 5 5 5 0 o 1
as5 227 0 0 0 o § % 5§ 0 1
590 217 0 0 4 a4 0 0 0 1
592 229 0 0 4 4 68 6 o 2
623 199 1 1 11 1 1 o
4 a 0 1
631 222 0 0 al 5 0 .0 o 1
4 230 3 3 0 o
424 230 5 5 5 0
676 210 3 3 30
685 201 4 0 o0

1faint images
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Table 8. Numbers of'eggs in radiographs of desert tortoises in
Plot 2 at Goffs in 1986. Underlining indicates different clutches.

Tortoise Carapace Apr  Apr Apr ' May June June Aug Clutch

number length = ~ "1-3 '12?15 24-25 | 7-9 5-6 20-21 3-6 frequency
(mm)

1007 196 o 0 4 4 0 0 O 1
1059 215 o o o . 3 0 6 0 2
1061 213 o 3 3 o 4 o o 2
1063 - 201 0o 0 o 3 0 0 0 1
1068 192 o 3t 4 4 0o 0 0 1
1067 191 0 0 3 3 22 0o o 2
1072 195 o 0 3t 3 3 o0 o 1
1074 202 0o 0 3 3 38 3 o 2
1077 218 o 0 3l 3 s o0 o0 2
1078 189 o 0 4 0 o0 0 1

1

faint images

We examined the possibiiity of reproductive senescence among what we Jjudged
to be the oldest females in the Plot 2 population. Because female tortoises may
'stop growing anywhere between around 200 to 240 mm in length, body size alone is
not a reliable basis for estimating the age of mature females. Berry and
Woodman (1984) developed a classification of shell wear and believe that very
worn shells with depressed areas of scute and bone (Class 7) are a sign of

advanced age. Only two of the females with transmitters in Plot 1 (430 and 432)
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had shells judged as wear class 7, so we added four more (4, 424, 676 and 685)
in late April 1986, Table 7 shows that all of these aged females laid eggs in

1986. We conclude that there fswnomjustfffcation5for“assum?ngmamreductiuu. or
~ cessation, of reproduction by very old female tortoises.

The information in Tables 7 and 8 show that the mean size of first clutches
in Plots 1 and 2 were 4,33 and 3.30, respectively. The mean clutch size in
Plot 1 was significantly greater than that observed in Plot 2 (t = 2.61, t; .
= 2,06). This is probably a reflection of the fact that when clutch sizes
measured in Plot 2 bétween 1983 and 1985 were analyzed we found that females
laying but one clutch of eggs (as was generally true in Plot 1 in 1986) laid
larger ones than females laying two clutches (Turner et al., 1986). A x2 test
shows that the mean clutch frequency in Plot 1 (1.06) was significantly less
than that measured in Plot 2 (1.50). The X2 value is 5.4 (XZO.OS = 3.8).

Turner et al. (1986) commented that_observations. in..1984 and.1985 showed
mean retention time of eggs {i.e., to the time of laying) to be 22.3 + 0.58 days
(range 19-25 days). Seven observations in Plot 1 in 1986 showed a mean
retention time of 28.4 + 2.33 days. This difference of about 6 days is highly
statistically significant.
| During the first three years of work at Goffs the smallest tortoise we
X-rayed with eggs in Plot 2 was Number 1078, which was about 189 mm in length
(Turner et al., 1986: 96-98). In 1985 we X-rayed a 182-mm female (Number 716)
in Plot 1 between early May and the end of June. No eggs were observed (Turner
and Berry, 1986: 22), In 1986 we had transmitters on five small females in
Plot 1 and radiographs were cbtained between early May and late June (Table 9).
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Table 9. Results of radiographs taken of small female tortoises '
{n Plot 1. in 1986. Underlining indicates the same clutch.

Tortoise Carapace May May © June June
number length 8-10 22-24 4-8 18-22
' (mm)
190 186 0 0 0 0
314 185 0 0 0 0
404 . 178 0 0 3 3
665 186 0 0 0 o
716 182 0 0 0 0

While radiographs of four of these tortoises were consistently negative, the

smallest female (178 mm) produced a clutch of three eggs. It is possible that

some or all of the other four females might have had-eggs earlierﬂ;gmggg.season-~—~rv-
but we judge this unlikely. Reproduction by a female only 178 mm long appears
'unusual. but we gave ourselves 1{ttle opportunity to observe reproduction among

such small females. Between 1983 and 1986 we had transmitters on 40 different
tortoises in Plot 2 and only one of these was less than 190 mm in length. In

1985 and 1986 we made radiographs of 23 different tortoises 2190 mm long, but

only of five of lesser size. For purposes of making a 1ife-table we will assume

a size at sexual maturity of 185 mm, 4 mm less than what we estimated on the

basis of earlier data.
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The size of the 18 first clutches (C) in Table 7 is positively correlated

Ty th femalebody Stze, L(r=0.62): T T
- C = 0,053L - 7.202 (1)

In 1986 we registered 88 females >185 mm in length in Plot 1. We will assume
that every one of these laid one clutch and that 1/18 of this group (5) laid a
second clutch., Table 10 shows the size distribution of mature females in Plot 1
and a postulated schédule of reproduction consistent with Table 7. Second
clutches are distributed among larger females in keeping with observations of
Turner et al. (1986: Table 5),

Table 11 shows egg production es{ﬁmates derived from Table 10 using
Equation (1) to estimate the size of first clutches. We knew the size of only

v . ONE- Second clutch (6). We used this value for two females >228 mm long, but
smaller values (4 and 5) for three smaller females.

Because we have lowered our estimate of size of females at sexual maturity
to 185 mm, we reviewed earlier analyses of egg production in Plot 1. We also
examined more closely the records of females that were sometimes observed in
Plot 1 and sometimes in adjoining sections. For exampie. some females were
recorded outside of Plot 1 during the spring and within Plot 1 during August and
September. We considered that these individuals did not lay eggs in Plot 1
during such a season. Only 81 females >189 mm long were recorded in Plot 1 in
1984, Because of the low sampling efficiency in that year we set the number of
breeding females in 1984 equal to the number recorded in 1983, or 93 (Turner and
Berry, 1985: 20-21). We did not make any such adjustment in 1985. When we
reviewed the entire history of captures and recaptures of females between 1980 °

and 1986 we found that some females were captured in Plot 1 in 1983, 1984 and
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Table 10. Observed size distribution of 88 female desert
tortoises in Plot 1 in 1986 and a postulated schedule of
clutch frequencies among members of the population.

Carapace length : Number of . Postulated Number of clutches laid

{mm) females 1 2

184-187 2 2

188-191 | 2 2

192-195 5 5

196-199 4 4

200-203 4 3 1

204-207 5 5

208-211 7 6 1

212-215 5 5

216-219 7 7

220-223 20 19 1

224-227 11 11

228-231 9 8 1

232-235 2 2

536-239 3 2 1

244-247 1 1

248-251 1 1

Totals 88 83 5
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Table 11. Estimated numbers of eggs and nests produced
by 88 mature desert tortoises in Plot 1 in 1986.

Midpoint of body Eggs 1n clutches Number of

size interval nests
(mm) 1 2

185.5 5.26 2
189.5 5.68 2
193.5 ' 15,27 5
197.5 13.06 4
201.5 10.43 4 5
205,.5- 18.45 5
209.5 23.41 4 8
213.5 20,57 5
217.5 30.28 7
221.5 86.21 5 21
225,5 52.24 11
229.5 39.69 6 10
233.5 10,35 2
237.5 10.77 6 4
245.5 5.81 1
249.5 6.02 1
Totals 354 25 93

1986; or 1980, 1984, 1985 and 1986; or 1983, 1985 and 1986. In such instances
;e assumed that these females were part of the breeding population during the
year not recorded,

Table 12 gives revised estimates of numbers of breeding females in Plot 1
(assuming sexual maturity at 185 mm in length) between 1983 and 1986, and new

.estimates of numbers of nests prepared during those four years.
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Table 12. Revised estimates of numbers of breeding females in
Plot 1 and numbers of nests prepared between 1983 and 1986.

Years Estimated number Estimated number of
of breeding females nests prepared

1983 : . 95 180

1984 90! 141

1985 92 174

1986 8s8. 93

194 femalés were judged present in 1984, but this number was reduced by 3.85%
because one mature female did not lay eggs

Turne; et al. (1986) analyzed all of the clutches recorded at Goffs in
Plot 2 between 1983 and 1985, and found an overall mean clutch size of 4.5,
There was no statistical evidence of differences in the annual means. The mean
size of the 15 clutches observed in Plot 2 in 1986 (3.53) was, however,
significantly less than the overall mean between 1983-1985. Table 13 summarizes
all available egg production data from Goffs in terms of mean values of clutch
size and frequency.

Before we attempt to interpret the information in Table 13 it is worthwhile
to review the inftial procedures we adopted, the original assumptions underlying
these methods, and what led us to change our approach after 1984, The BLM
originally approved the use of Plot 1 for our study with the provision that
disturbance and handling of tortoises occupying this Permanent Study Plot be
minimized. In particular, the BLM did not wish for females in Plot 1 to be

X-rayed. We established Plot 2, to the southwest of Plot 1, so that we could
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Table 13. Mean.clutch sizes (first and second clutches) and frequencies
observed at Goffs, 1983-1986. Standard errors of means are also indicated.

Yearsv ~ Variable Plot 1 Plot 2
1983 Clutch size - 4.17 + 0.22
. Clutch frequency | - 1.89 + 0.11
1984 Clutch size - 4.28 + 0.20
Clutch frequency - 1.57 + 0.12
1985 . Clutch size . 5.15 + 0,34 5.12 + 0.21
Clutch frequency 1.89 + 0,11 1.76 + 0.12
1986 Clutch size 4.42 + 0,28 3.53 + 0.26
Clutch frequency 1.06 + 0,06 1.50;: 0.17

X-ray females in this area. The distance between the centers of the two plots
was about 4.8 km., We believed that events observed in Plot 2 would be repre-
sentative of what occurred in Plot 1. The basic plan, then, was to measure egg
'production in Plot 2, and to base other features of the study on measurements in
Plot 1. These last included raiafall; estimates of dry matter production by
herbs and grasses, and mortality rates of tortotses. _

’ After a year we began to measure rainfall in both plots. Rainfall data
showed that, whereas winter rainfall in the two plots was similar, summer and
~early fall rainfall (Jul}-September) sometimes differed. Because we were 16
doubt as to possible effects of summer rain (and associated plant growth) on the
energy budgets of female tortoises, we recommended to the BLM that tortoises in

Plot 1 be X-rayed in 1985 and 1986. The agency concurred.
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Our analysis of egg production data from Plots 1 and 2 in 1985 showed no

statistically significant differences between the plots--either in terms of

clutch sizes or clutch frequency (Turner and Berry, 1986: 24). The 1986-data, -

however, were not similar. We have shown (Table 4) that winter rainfall before
the 1986 season was the lowest measured during the study, and 1t may be that the
severe conditions during 1986 were somehow related to the plot differences. The
estimates of net production by plants in Table 4 do not, however, support this
idea.

We can group thé clutch frequencies observed in Plot 2 between 1983 and
1986 as i11lustrated in Table 14, and ask whether there is evidence of year-to-
year differences in clutch frequencies.

Table 14. Distributions of clutch frequencies among

female tortoises in Plot 2 between 1983 and 1986.
Expected values are given in parentheses.

Years 0-1 clutches 2=-3 clutches
1983 3 (6.1) 16 (12.9)
1984 9 {7.3) 14 (15.7)
1985 6 (6.4) 14 (13.6)
1986 5 (3.2) 5 (6.8)

Total Xz (with 3 d.f.) is about 4.4, and this is not a statistically
significant va]ué (Xzo 05 ° 7.8). This result is the same as that obtained
using data from 1983-1985 only (Turner et al., 1986: 98), These authors

observed that when data from Ivanpah“Valley (Turner et al., 1984) were combined
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with those from Goffs, the Xz-test of a possible difference between years was
statistically significant. The very low mean clutch frequency measured in
Plot 1 at Goffs in 1986 (1.06) supports this idea. Table 15 summarizes six
estimates of mean clutch frequency among desert tortoise populations and
inéludes associafedwestimates-of net dry matter production by annual herb;.
Data for 1980 and 1981 are those obtained in Ivanpah Valley.

Table 15. Estimates of clutch frequency in Plot 2

at Goffs and in Ivanpah Valley and related estimates
of net dry matter production by annual herbs.

Locale Years Dry matter Mean clutch
production by frequency
annual Qerbs

(g/m°)
Ivanpah Valley 1980 8.5 1.60
1981 0.07 1.10 !
Goffs 1983 14 1.89
1984 0.3 1.57
1985 2.6 1.75
1986 0.6 1.50

Figure 2 11Justrates the information given in Table 15. When mean clutch
frequencies are regressed on common logarithms of estimates of net dry matter
production by annual herbs the positive correlation observed is statistically
significant (r = 0.84, p = <0.05).

Taking into accouni these data and the two clutch frequency estimates for
Plot 1 in 1985 and 1986, we believe that the frequency with which desert

tortoises lay eggs in the California desert is affected by avajlable spring
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forage (principally as represented by annual herbs) and that mean frequencies
are higher invfavorable years. The relationship is not a simple one and may be
affected By smali-scale local variations in available forage as well as by
additional food resources stimulated by summer rainfall. This problem was
reviewed in detail by Turner et al. (1986: 102-103). SR

When we construct a life-table for the tortoise we must reduce the
available information concerning egg production to a set of age-specific
.'fertﬂlity values. The table will not accommodate year-to-year variations, but
can only reflect what might be judged the “average" experience of a population
over a number of years. The principal determinant of female fertility is body
size, which affects both clutch size and the probability that a female will lay'

two clutches. An analysis of all egg production data (Plots 1 and 2, 1983-1986)
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showed that the overall mean clutch size (based on 183 clutches), was 4.46, not
significantly different than the mean of 4.50 based on 110 clutches laid in

Plot 2 between 1983 and 1985 (Turner et al., 1986: 101). The 4~year analysis
showed no significant difference between sizes of first and second clutches, but
1nd1cated-that if a female laid a single clutch it was, on average, about 0.5
egg larger than the first clutch laid by a female laying two clutches. Clutches
laid in 1985 were slightly larger, and those in 1986 slightly smaller, than
those laid 1n 1983 and 1984. These points will be discussed more fully in our

'ensuing description of a life-table for the tortoise.

E. Mortality

Fre-patal mortality. Losses after eggs are laid may be owing to

infertility, accidental breakage, and destruction by predators. Burge (1977)
used a dissecting microscope to examine fragments of shells of 10 tortoise eggs
which did not develop and 10 eggs which hatched normally. She reported that a
e.ovisibly distinguishable characteristic was found to be...consistent for...
undeveloped and hatched eggs." The inner surfaces of shells of undeveloped eggs
are highly convoluted while those of developed eggs are eroded--with the relief
of the convolutions reduced. Shells of undeveloped eggs: are difficult to
puncture without crushing, while fertile eggs (approaching the time of hatching)
are easily broken by only slight pressures. In 1986 Burge examined shell
fragments of 32 eggs found in nests excavated by predators in Plot 1. She
concluded that shells of 28 eggs were clearly “eroded" or fertile and that one

showed no evidence of erosion at all. Three others could not be unequivocally

> —— .__‘__-_—l/-"'—*—
classified, These findings suggest a/natural fertility rate of 97%. \In 1985

| -

field workers tracked the fate of nineiﬁg§f§*§TVéﬁ_§ﬁmE”pfﬁfEEﬁibn from

predators and 13 unprotected nests. A total of nine nests escaped predation and
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all 45 eggs in these nests were fertile. Turner et al. (1986) reported on the

fates of 57 eggs in protected nests, of which 50 (88%) were fertile. In

.summary, of 131 -eggs under-—observation duringw;984-1986 3911_S;ght were judged

infertile. We assume, then, a natural fertility rate o’f’;93.9$;r Observations in
1984 showed that-6.6% -of -eggs -laid may be broken during ovipoﬁition or later
(Turner and Berry, 1985: 28). Taking these factors into account, we estimate
that 87.7% of eggs laid will be unbroken and fertile.

Estimating the extent of nest destruction by predators was a difficult
procedure, Our genefa] approach was to examine Plot 1 continually during May,
June and August, and record the number of excavated nests. Presence of broken
egg shells was taken as evidence of the destructicn of a nest. The number of
nests destroyed was then ¢ mpared with the estimated number of nests prepared--
based on numbers of reproductive females in Plot 1 and numbers of clutches laid
during the season (Table 12). Another source of information was to observe the
frequency of destruction among a group of marked nests, assuming that the fate
of this group could be extrapolated to the entire array of nests in Plot 1.
Table 16 summarizes information of both types and shows average nest destruction
rates of 37% (above) and 63% (below).

We draw the following conclusions from the information in Table 16:

(1) nest destruction rates were higher in 1985 and 1986 than in 1983 and 1984,
(2) rates based on observations of small groups of marked nests tended to be
higher than estimates based on total counts of nests, (3) it is possible to
confer complete protection to eggs (1984), but this requires moving eggs from
natural nests to cages, and (4) attempts to confer protection to undisturbed
nests by means of screening (1985, 1986) ranged from moderately successful
(1985) to virtually useless (1986). We do not know if the repeated inspections

of marked nests tended to facilitate predation or not.
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Table 16. Evidence of destruction of desert tortoise nests at
Goffs, 1983-1986. Al11 data from Piot 1 unless otherwise indicated.

Type of Years Nests Nests not Nest
information destroyed destroyed destruction
(%)
Total counts of 1983 49 131 27.2

excavated nests

and estimates of 1984 34 107 24.1
total nests
prepared 1985 77 97 44.3
1986 49 _ 59/; 52—
£ N f‘l i ::).f.r‘
\f -) ;
Groups of nests 19841 0 14 0

under direct

observation 19842 15 15 50.0
1985 10 3 76.9
19851 3 6 33.3
19861 11 1 91.7

1

protected

2pot 2
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Mortality of tortoises. In previous reports we discussed estimates of

survival rates of tortoises in Plot 1 based on minimum rates of recapture from
one year to the next and on numbers and sizes of carcasses found in the plot.
As capture-recapture data pertaining to marked tortoises at Goffs increased, we
decided it would be advantageous to use the annual registries (beginning with
Burge's work in 1977) to make a more formal analysis of mortality. In this
report we present an analysi§ of all available sampling data from Goffs,
including results of the final season of work in 1986. The analysis considers
survival of tortoises composing different sex and size groups between 1977 and
1985. It is this work that we later use as a bas{s for creating a life-table
for the Goffs population.

A central assumption to our approach was that body size, and possibly sex,
affect both the probability of capturing tortoises and their survival rates. We
began, then, by establishing 11 groups of tortoises: (1) males >208 mm long,
(2) females >208 mm, (3) males 180-208 mm, (4) females 180-208 mm, and
(5) tortoises 155-179 mm, (6) 140-154 mm, (7) 120-139 mm, (8) 100-119 mm,

(9) 80-99 mm, (10) 60-79 mm, and (11) <60 mm in carapace length. Because
tortoises grew during the study, the analysis provided a mechanism allowing
individuals to increase in size through time, and to change their group
membership accordingly.

The modi;ied Jolly-Seber model was used to estimate annual survival (¢) and
probability of capture (P) for each of the 11 groups, using numerical procedures
available in Program SURVIV (White, 1983). The following notation was used for
survival and capture probability within a group: s bo» ¢9» ¢4, and L
represented annual survival for the intervals 1977-1980, 1980~1983, 1983~
1984, 1984-1985, and 1985-1986, respectively. These intervals extend from
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around mid-May of the first year to mid-May of the last year. The probabilities
‘ of capture in years 1980, 1983, 1984, 1985 and 1986 were represented by PZ’
P3, P4. P5 and ?6! respectively. To illustrate the use of such
notation, the probabiiity of next recapturing a tortoise in 1986 originally
marked in 1984 -fs -the product of the following four terms: ¢,, (l-Ps).
¢5..and PG’ The notations apply to each of the 11 groups, but a different
set of ¢'s and P's apply to each group because of the expected influence of body
size on these parameters.

Because both sufvival and capture probability are assumed to be influenced

by size, the logistic model was used to estimate capture probabilities and
survival as a function of size across groups. For example, the estimated annual

survival rate of tortoises in Group 6 can be expressed as:

¢ * B (2)
£ . 8
( o 149 1)

l+e

with Bo the intercept, B, the slope and g, the asymptote of the logistic.

The valueé of Bo' 61 and B, are the same for all 11 groups of tortoises
analyzed for any particular time interval. What varies in Equation (2) is the
body size. The effect of body éize i; expressed by the multiplier of Bye In
Equation (2) the number 149 is the mean body length (mm) of the Group 6
tortofses whose survival is estimated by the equation,

Survival rates could be estimated for only the first four of the five
intervals defined above: 1977-1980, 1980-1983, 1963-1984 and 1984-1985. An
estimate of survival between 1985 and 1986 would require a samp1é taken in 1987,
The first two of the foregoing intervals are three years, the last two one year.
To maintain compatibility among parameters the functions for 1977-1980 and 1380~

3 3

1983 were entered as ¢1 and P We thus.assumed an invariant annual
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rate of survival for the two 3-year intervals. That 1s, if the overall 3-yezr
survival rate was 70.5%, the annualized rate was (70.52)1/3 or 89%.

The input for the survival analysis was composed of 11 sets of capture-
recapture -histories of tortoises at Goffs between 1977 and 1986. Each set
pertained to one of the 11 size~sex groups defined previously. Table 17
f1lustrates three of the 11 sets: Group 1 (male tortoises greater than 208 mm
in length), Group 4 (female tortoises 180-208 mm long), and Group 6 (tortoises
140-154 mm long). Tﬁe table shows (for each group) the number of different
individuals registered in each of the years 1977-1985 followed by numbers
indicating years when first subsequent recaptures occurred. Average sizes of
the tortoises in these groups were also part of the analysis, but we do not show
these in Table 17.

Because of the complexity of the modeling proéedure. a series of models
was used to develop the final model. The first step was to use SURYIV to
derive a model which assumed that probabilities of capture and survival rates of
groups were constant throughout the course of the study (YEAR-SAME). Asymptotes
for each logistic func*ion were set at 1.0. This simple mode]\had only six
parameters and was a reasonable starting point for the modeling process. The
next model (YEAR-DIFF) allowed for differences between years, but retained
asymptotes of 1.0 for all groups. The most complex model (ASYMPTOTE) was like
YEAR-DIFF, but permitted asymptotic vaiues for logistic functions to vary. None
of these three models provided an adequate fit to the observed dat:‘as
determined by the Xz goodness-of-fit test in Program SURVIY, Furthermore, the
1ikelihood ratio test of the ASYMPTOTE model versus the simpler model YEAR-DIFF
was not significant, indicating that allowing for variations in asymptote

estimates did not improve model performance.
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Table 17. Histories of annual rengtrations and first subsequent
recaptures among three groups of desert tortoises at Goffs between
1977 and 1986.

Groups Year of Years first subsequently recaptured

registration a 1980 1983 1984 1985 1986

1 1977 . 40 31 3 0 0 0
1980 3 - 72 1 0 0

1983 108 - - 75 - 8 2

1984 . 84 - - - 62 9

1985 75 - - - - 55

4 . 1977 17 9 3 0 0 0
1980 20 - 17 0 0 0

1983 - 33 - - 20 4 0

1984 18 - - - 10 5

1985 18 - - : - - 13

6 1977 . 6 3 1 1 0 0
1980 15 - 12 0 o 0

1983 16 - - 6 3 1

1984 11 - - - 3 3

7

1985 12 - - - -

Examination of the partitioned goodness-of-fit test in Program SURVIV
revealed the basis for lack of fit: Group 2 females (>208 mm) contributed large
.XZ values. The recorded numbers of captures usually exceeded expected
numbers. This tendency was also evident among smaller females (180-208 mm).
Conversely, adult males (Groups 1 and 3) generally exhibited fewer observed

captures than expected.
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We believe it possible that these disparities reflect real di fferences 1in
the behavior of adult male and female tortoises. Female tortoises utilize
somewhat smaller areas than males and have a highgr fidelity to these areas. NWe
believe fhere is more wandering in males, with a greater tendency to leave
Plot 1 at certain times. More subtle social interactions betweén large
dominating males and smaller males might also be at work. In any event, we
experimented with effects of adding a parameter to the model allowing
differential behavior of mature females; This parameter (83) pertains only to

groups 2 and 4, and is incorporated into Equation (2) in the following manner:
4’1 = "n (3)

- R ST B

[-F, -L") -(L-180)75]

1l +e

Here L is the average size of the females in the respective groups.

We ultimately experimented with seven di fferent models of varying
complexity and parameterization: (1) survival constant through time,
(2) survival variable through time, (3) asymptotes variable (rather than fixed
at 1.0), (4) survival constant among all size groups but variable over time,
(5) probabilities of capture constant among all groups but variable over time,
(6) asymptotes and female behavior variable, and (7) female behavior variable
and survival variable through time. Some of these models are obviously
unrealistic in a biological sense, and it was encouraging to find that most of

these models failed to fit the observed data (Table 18):
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Table 18. Results of goodness-of-fit tests of alternative
models of desert tortoise survival at Goffs. Models are
numbered as in the foregoing text. ;

Model Number : Log-1ikelihood d.f. Probability of

larger X2 value

1 -237.5 149 <0.001
2 -208.2 137 0.070
3 -205.4 128 0.030
4 -215.9 141 0.041
5 =263.3 141 <0.001
6 -192.8 ~ 125 0.259
7 -195.2 123 0.402

Here the smaller the value of p (right-hand column) the worse the fit. Only the
last two alternatives performed well, and we judged that the most parsimonious
model fitting the observed data {s the one allowing for annual variations in
survival and for differential female behavior (7); Table 19 gives estimates of
the parameters used to compute annual survival rates of tortoises using this

model.



- 42 -

Table 19. Values of Bo’ B, B, and B, used to estimate
annual rates of desert tor{oisg surv13a1 at Goffs, 1977-1986.
Confidence intervals are given for estimates of 30 and 31.

Model 1977-1980 1980-1983 1983-1984 1984-1985
parameters
"Intercept Bo) 0.43 1,22 1.08 1.47

952 confidence -1.07 to 1.93 0.39 to 2.04 =0.10 to 2.27 01.23 to 4.17
interval ( Bo)

Stope ( él) 0.0088 0.0046 0.0011 0.0023

95% confidence 0.0011 to 0.00034 to -0.0046 to -0,0097 to
interval (Bl) 0.0165 0.00896 0.00674 0.0142
Asymptote (&) 1.0 1.0 1.0 1.0
Adult female 0.0176 0.0176 0.0176 0.0176

behavior (83)

Estimates of annual survival rates for all groups of tortoises are given in
Table 20 and associated estimates of probabilities of capture are illustrated in
Figure 3 The geometric mean annual survival rates (GMS) for different groups
were computed so as to give triple weight to the estimates for 1977-1980 and
1980~1983, i.e., for the 1“ group:

gHs, = [(1977-1980)3(1980-1983)3(1983-1984)(1934—1985)31’ 8 (a)

For example, to estimate the geometric mean annual survival of tortoises

156-179 mm long, one would compute:

[(0.870%) (0.880)3(0.780) (0.864)11/ (5)
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Table 20. Estimated annual rates of desert tortoise survival at
Goffs among 11 sex-size groups and weighted geometric means of
estimates for four different intervals,

Tortoise Size 1977-1980 1980-1983 1983-1984 1984-1985 Geometric
groups used in mean annual
(sizes in mm) mode) survival
(mm)

Males >208 265 G.941 0.920 0.798 0.888 0.907
Females >208 225 0.961 0.955 0.893 0.941 0.944
Males 194 0.895 0.892 0.785 0.871 0.876
180-208 : A
Females 194 0.916 0.914 0.823 0.896 0.901
180-208 y
155-179 167 0.870 .0.880 0.780 0.864 0.861
140-154 147 0.849 0.870 ‘ 0.776 0.858 0.848
120-139 130 0.829 0.860 0.773 0.853 0.836
100-119 110 0.802 0.849 0.769 0.848 0.821
80-99 90 0.773 0.837 0.765 0.842 0.804
60-79 80 0.757 0.830 0.763 0.839 0.795

<60 52 0.709 0.811 0.757 0.830 0.767
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The process of deriving the definitive survival model, and comparisons of
the ability of this model and various alternatives to fit observations, strongly
support our assumptions of year-to-year differences in mortality as well as the
effect of body size on this process. These poinfs are eminently reasonable from
a biological point of view. It is also a fact that allowing for differential
behavior of females improved the fitting process greatly (see Table 18). Here
we are less confident as to how, or whether, this can be interpreted in terms of
the biology of tortoises. An earlier test of'ﬁinimal survival of adult males
and females between 1977 and 1980 showed no statistically siénificant difference
between the sexes (Turner and Berry 1985: 32).

Turner and Berry (1986: 31) discussed the limitations of estimates of
mortality based on remains of tortoises. One oroblem is that when one continues
to work 1n an area (as we did between 1983 and 1986) one continues to find old
remains, and each such discovery invalidates (to some degree) earlier estimates
of survival., Counting carcasses does define a minimum number of deaths in the |
area of interest. Over and above this, however, one must decide on the time
interval during which the deaths occurred and estimate the size of the
population, or subpopulation, from which these remains derived.

Only two remains of tortoises were found in Plot 1 in 1986 and both of
these were <140 mm in length. Inspections of Plot 1 between April 1983 and
August 1986 yielded remains of 106 tortoises. Of these, 82 (77%) were <140 mm
long. Of the 24 others (all >180 mm long) 20 were of discernible sex (7 females
and 13 males). Forty-two of the 106 dead tortoises ;ere judged to have died
prior to 1983. Table 21 summarizes data pertaining to the 64 individuals that
died in Plot 1 during the course of the study.



- 46 -

Table 21. Remains of desert tortoises found in Plot 1 and judged
to have died during the course of the Goffs study, 1983-1986.
Numbers in parentheses indicate numbers of marked tortoises.

-Carapace : Estimated years of death
Tength (mm) 1983 1984 1985 1986
and sex
<140 37 (2) 11 (9) 5(2) 2
Males 1 (1)
180-207"
Females 1 (1)
180-207
Larger 2 (2) 2 (2)
males
Larger , 1 (1)
females
Larger, 1 ' 1
unsexed .
Totals 39 (3) 15 (12) 8 (5) 2

Sixty-four deaths over 42 months in a population of at least 450 tortoises
suggest a low rate of mortaifty. Turner and Berry (1985: 33) observed that
survival estimates based on remains should be viewed as “maximal,” and it is not
surprising that the faformation in Table 21 and our earlier analyses of annual
adult survival based on remains (ca. 97 to 98%) are higher than estimates in
Table 20 (see Turner and Berry, 1984: 32; Turner and Berry, 1985: 31). In 1983
we registered 219 tortoises >180 mm long (Turner and Berry, 1985: 15). The
sampling efficiencies for 1983 (see Fig. 3) suggest that there were about 228
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tortoises of this size in Plot 1. If only nine of these died between April 1983
and August 1986 (Table 21), the annuaiized survival rate would be 98.8%.
Estimates of annual survival_between 1983-1984 and 1984-1985 for tortoises 2180 . ..

mm (Table 20) are generally less than 90Z,-

F. Predators and their Prey

Mortality of desert tortoises varies from year to year, but the reasons for
this are not known. Woodbury and Hardy (1948) commented: “The predator
pressure on tortoise probably varies from time to time. Perhaps it is
correlated with the rabbit cycle. Rabbits...were very abundant [in southwestern
Utah] during the years 1941 and 1942, but the cycle reached a low from 1943 to
1946. During late 1945 and early 1946, tortoise fatalities obviously due to
carnivores shdﬁed an increase when compared with the few §uch signs observed
earlier. Perhaps the tortoise is sy?}gg;gqmtp a“grggfgrugmoqu of.,.prg;sure o
from bobcats and coybtes when the dsua] food--rabbits-;is scarce, " 'Berry (1975)
stated that the China Lake tortoise population experienced losses of 21 to 28%
in the winter of 1972-73 because of canid predation (cf. an estimated annual
loss rate of only 5% during the previous year). Turner et al. (1984) reported
4.4% annual mortality in Ivanpah valley in 1980-81 and 18.7% mortality in 1981-
82, None of these earlier studies presented data relating to the abundance of
predators or rabbits.

At Goffs we made simple observations of the relative abundance of predators
(including raptorial birds), rabbits and rodents, to see 1f such data could help
to interpret observed death rates of tortoises. Observations of birds were made
throughout Plot 1 whenever workers were in the area. Counts of rabbits and

hares were also made in Plot 1. The degree of effort varied seasonally
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depending on numbers of workers and changes in duty assignments. A1l observa-
.tions vere converted to sightings per survey-hour.

Almost all potential predators observed in 1985 were birds, but--as in
previous years--most dead tortoisés found were apparently killed by canids.
These mammals were rarely seen, SO we recorded indirect signs of their presence,
e.g., dens and numbers of scats. Observations of predatory birds and signs of
mammals in 1986 are given in Table 22. Scat counts include data from predator
sign concentrations, kit fox dens and other observations. |

As in 1984, rodents were trapped along two parallel lines, each with
25 trapping stations and two traps per station. 1In 1986 we trapped on nights of
2 March, 11 May and 9 June. As pointed out previously (Turner and Berry,

1986:38), only data pertaining to kangaroo rats (Dipodomys merriami) were

amenable to analysis. Table 23 compares trapping success between 1984-1986.
Chi-squared tests of these data show that success in 1984 was better than in
1985 and 1986, while the latter two years did not differ.

We believe the apparent differences in bird observations may be more
related to the efficiencies of different workers than to real events. Presence
of kit foxes in Plot 1 was fairly stable throughout the study, but slightly
reduced in 1986. The number of canid scats collected in 1985 was substantially
lower than in the other three years. Measures of the presence of both
Jagomorphs and kangaroo rats in Plot 1 both indicated highest numbers in 1984.

Table 24 summarizes observations relating to predatory birds and canids,
lagomorphs, and kangardo rats in Plot 1 between April and August, 1983-1986.
One problem with these data is that measures of the presence of preadators do
not tell us what these animals are doing. The situation is analogous to that

described by Turner et al. (1982a) in evaluating studies of “predation pressure"
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Table 22, Indicators of predator activity in Plot 1 at Goffs in 1986,

Indicators April May June August

s st e e e

Observations of avian predators 0.073 0.812 0.108 0.051
per survey-hour

Praifie Falcon X X
Red-tailed Hawk X X o X
Other Hawks X

American Kestrel
Greater Roadrunner

Common Raven X X X x

Loggerhead .Shrike X

Number of occupied kit fox de;s 0 1 3 4
_m“Number’of actfye or visited fox dens 18 no data 17 21

Number of fox dens observed by 66 10 65 66

field workers

Predator scats for 1986

Kit fox 337 8 103 155
Coyote 44 7 39 17
Badger (?) 1

Raptor pellets 62 8 26 5

and broken tails &mong 1izards. These authors observed that (1) counts of
Predators may not be consistently related to predator abundance, (2) numbers of

coexisting predatory species are not necessarily simply related to predation
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ing success (Dipodomys merriami)
d values (assuming equal success
{n all three years) are in parentheses.

Years Traps with Empty ~ Totals Overall
rats traps trapping
success
1984 344 (303.6) 156 (196.4) 500 69%
1985 169 (182.2) 131 (117.8) 300 56%
1986 155.(182.2) . 145 (117.8) 300 52%
Table 24. Observations of predators and their prey in
Plot 1 between April and August, 1983-1986.
Indicators 1983 1984 1985 1986
Avian predators
per survey-hour
Range 0.05-0.12 0.04~0,22 0.02-0.33 0.07-0.81
Mean 0.09 0.10 0.15 0.26
Numbers of occupied 6 6 6 4
kit fox dens '
Total scats of coyotes ' 890 179 426 710
and kit foxes
Numbers of hares and
rabbits per survey-hour
Range 0.02-0.26 0.25-0.32 0.14-0.33 0.14-0.25
Trapping success, 692 56% 52%

no trapping
kangaroo rats .
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pressure on prey species, and (3) allowances must be made for prey switching and
the way in yhich predation 1s affected by changes in densities of participating
species, We need direct measures of the actions of predators, not simply their
presence, We obviously could not make such measurements within the limitations
of our-study. - To mke quantitative evaluations of year-to-year changes in food
habits of predators, together with associated changes in numbers of predators
and tortoises, was clearly beyond our resources.

We do have two measures of what predators di& or did not do at Goffs:
(1) analyses of 30 scats of kit foxes collected between April and June 1985 and
(2) estimates of rates of tortoise nest destruction. Remains of heteromyid
rodents occarred in 91% of fox scats collected in April-May and 68% of scats
taken in June. Remains of lagomorphs were in 27% of April-May scats and 37% of
those collected in June, There was no evidence of the presence of tortoises in
scats. Two scats did contain leathery egg shells, quite possibly those of
tortoise eggs. We have direct evidence of destruction of nests of tortoises and
the consumption of all or most of the eggs therein. Table 25 summarizes
estimates of nest destruction, presence of heteromyid rodents, and incidence of
tagomorphs for‘the years 1983-1986. Here it may be observed that as measures of

Table 25, Proportions of desert tortoise nests destroyed

in Plot 1 and estimates of the incidence of kangaroo rats
and lagomorphs at Goffs, 1983-1986.

Indicators 1983 1984 1985 1986
Percent nests destroyed 27 24 44 53
Trapping success, no 69 56 52
kangaroo rats (2) : data

Lagomorphs per survey-hour 0,13 0.28 0.24 0.20
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the presence of rodents and lagomorphs declined (1984-1986), the apparent rate
of destruction of nests increased. Our observations suggest that if the impact
of canid predators is increased when mammalian prey is scarce, the effect is

expressed as increased nest predation and not by direct attacks on tortoises

themselves.
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VIII. A life~table for the tortoise

General description

The general idea of a life-table is to evaluate the capacity of a cohort of
females to replace itself during the lifetime of the cohort. Imagine a '
population of animals made up of 10 males and 10 females. One-year-old females
are sexually immature and 4-year-olds are too old to reproduce. Only females of
ages 2 and 3 years lay eggs. Each reproductive female lays two eggs and, on
averagé. these two eggé will produce one male and one female offspring. All
eggs are fertile and all hatch. The simple life-table expressing these
relationships is illustrated in Table 26.

Table 26. An imaginary life-table showing survival
and reproduction by initial cohort of 10 females.

Age, years Number alive Number of Total

at beginning of female eggs production of
interval laid female offspring
(1,) (m,) (1,m,)
0 10 0 0
1 8 0 0
2 6 1 6
3 4 1 4
4 2 0 0
5 0 0 0
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The second column in this table is conventionally designated ;* and

represents age-specific survival. The third column is designated E&mandﬁshausummmemu:

age-specific fertility (in terms of female offspring). The final column is the
product of the middle columns (lxgx),and"shows.the number of female

offspring born to all females 1A—£;é cohort during their lifetimes. In this
example, the original cohort of 10 females replaces itself precisely, and
(assuming normal survivé] by males) the population would be stable over time.
Populations rarely achieve such balance, and schedules of survival and
reproduction vary according to chance and conditions of the moment. I[f effects
of bad and.good years balance out over time the population will persist at about

its orfginal size and the age distribution will tend to be roughly stable. If,

owing to a combination of poor survival and/or impaired reproduction,

recruitment fails to replace numbers the population will decline. A poputation

may also increase in size when good conditions persist over a long enough period
of time. Constructing a life-table for a long-lived species like the tortoise
will clearly be a difficult task. It should also be evident that any such
table--representing invariant schedules of growth, reproduction and survival=--

can only be an abstraction of real events.

Size-age relationships among female tortoises

In all of our earlier reports we have discussed egg production and
mortality in terms of size-classes of female tortoises. To construct a Tife-
table we need to examine the relationship between size and age of female

tortoises and to understand how they grow.
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The Goffs data file (1977-1986) provided information relating to growth of .
female tortoises over a 9-year period (1977-1986). Samples were acquired in
1977, 1980, 1983, 1984, 1985 and 1986. We decided to look at growth over three
3-year intervals: 1977-1980, 1980-1983, and 1984-1986. Sex determinations were
not made unfil tortoises reached a carapace length of 180 mm, Some ;ortoises
were first marked at lesser sizes, became known as females later in life, and
contributed information to our analyses. For example, one tortoise, mafked in
1977 at a size of 104 mm, provided a continuing record of growth until the
summer of 1986, | '

We first experimented with different rules for selecting pairs of
measurements representative of growth over these intervals. The optimal data
pair would be a measurement at the beginning of the first year (say, April 10)
and another at the end of the third year (say, October 10). Obviously, records .
of most tortoises did not provide pairs of measurements of this nature. We
tried other, more permissive, selection procedures which mobilized progressively
more data. These tests showed that variations in growth of different tortoises
had a much more pronounced effect on growth increments than subtleties involving
the timing of pairs of measurements analyzed. Hence, we selected measurements
so as to maximize the amount of available data.

A1l data were plotted as in Figure 4, in which the letter A represents a
single datum, B two points, etc. We plotted the initial size of each tortoise
'along the horizontal axis and its size after three years of growth along the
vertical axis. Clearly, most of the data pertained to tortoi ses 2200 mm in
length, whose 3-year increments were generally less than 5 mm. The lines in
Fig. 4 show something about the variability of growth among females, and how the
observations are distributed around the middle (or median) line. For example,

half the tortoises with an initial size of 120 mm grew more than 33 mm in three
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years and half grew less. Three-year growth of 40% of the tortoises of this
size ranged from 28 to 38 mm, and 803 of these tortoises grew anywhere from
19 to 52 mm in three years.

By Integrating the curves in-Fig; 4 we produced a set of growth curves from
the time of hatching (age 0, size 45 mm) to around 36 years of age (Fig. 5).
These curves show growth of five groups {quintiles) of females, each composing
20% of the female pobuIation. The first quintile {s made up of the most slowly
growing 202 of the pdpulation. the second quintile of more rapidly growing
individuals, etc., so that the fifth quintile includes the fastest growing 20%
of the female population. The 1ines were drawn assuming that members of each
group continue to grow along the same curves throughout their 1ifetimes. By
age 36 the most rapidly growing females reach a size of 248 mm, which 1s close
to the largest female body size (250 mm) recorded in the Goffs population,
Other, more slowly growing, individuals level off at lesser body sizes. The
median curve (50th percentile) reaches 215 mm after 30 years. About 40% of the
population of females attain maximal body sizes of between 209 and 225 mm.

Probably the most illuminating feature of this analysis is the variation in

growth among individuals. This aspect of the growth data is so important that
we decided to construct the 1ife-table so as to allow for size differences among
sexually mature females of the same age. That is, the table would not assume a
cohort of females of the same body size (at a given age), but a group of females
of varying sizes--and (most 1mpor;ant1y) varying fecundity. Fig. 5 was created
by assuming that individuals in each quintile would continue to grow at
specified rates. That i1s, a slow-growing fem$1e tortoise remains such, while
tortoises growing with unusual rapidity continue to outpace other members of the

population., We examined this assumption by inspecting all growth records
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Growth of female desert tortoises in qujnti1es composed of individuals
with constant growth rates. Figures adjoining curves give midpoints
of quintiles as percentiles.
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pertaining to the same females during different J-year growﬁh intervals, e.g.,
mean growth rate between 1977-1980 contrasted with that between 1980-1983 or
between 1983-1986, This analysis showed that once females attained lengths of
175 mm their relative growth rates did remain essentially constant--i.e, fast-
growing females continued .to .grow rapidly, and slow-growing individuals slowly.
Percentile scores of these larger tortoises during consecutive 3-year growth
periods were highly and significantly correlated (r = 0.93). Conversely,
consecutive percentile rankings of tortoises <175 mm long were only weakly
correlated (r = 0.25). This means that smaller tortoises may grow siowly during
one three-year period, but exhibit rapid rates of growth later (or the converse
could be true).

A simple model was developed conforming with these observations. The first
assumption was that females >175 mm in length would not shift from one quintile
to another during their subsequent lifetime. A rate of growth was established
and members of each quintile adhered to this pattern. The second step was to
assign probabilities that smaller females would either (1) continue to grow at
the same relative rate during two successive 3-year periods, or (2) ekhibit
changes in growth rates. If the latter, we assumed equal probabilities that a
female in the 1yn Quintile during an fnftial 3-year period would switch to any
of the other four quintiles in the ensuing triennfum. We found that by
assigning a probability of 0.40 to no change and probabilities of 0,15 for
changes to any of four other quintiles produced a pattern of variation in growth
consistent with the correlations described above. The new quintiles (Fig, 6)
differ from Fig. 5 in that there is now a narrower range of variation, and the
growth rate of the slowest quintile is apprecfably more rapid than that shown in
Fig. S.
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Fig. 6. Growth of female desert tortoises in quiqti]es composeq of jndiyidua1s
with varying growth rates., Figures adjoining curves give midooints of
quintiles as percentiles.
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The next step was to use this information in the 1ife-table model--allowing
for variation in individual growth rates while at the same time retaining
tractability in the modeling process. A hypothetical cohort of female tortoises
was analyzed by stepping through 81 years in successive 3-year intervals.
Individuals were -allowed-to-vacillate among different 3-year growth rate
quintiles according to the above description. After each 3-year period the
members of the cohort were sorted according to their size, and corresponding
quintiles characterized. The set of quintiles emphasized as forcefully as
possible the heterogéneity of the cohort in terms of mean growth rate at any
time in the cohort's history. We assumed that mortality experienced by cohort
members wa$ independent of body size at a given age. The mean body lengths of
individuals in each quintile versus age were taken as representative of the
potential experience of a cohort rather than as representations of “typical”
individuals.

The growth curves shown in Fig. 6 assumed a size of 45 mm at time zero
(hatching). Minor adjustments in these curves to accommodate alternative
hatching sizes (e.g., 40 to 50 mm) were built into ﬁhe 1ife-table program,

'Implicit in the foregoing analysis is the assumption that females become
mature at a particular body size, and not at any particular age. In the absence
of evidence to the contrary we believe this a reasonable’assumption. However,

Gibbons et al. (1981) showed that female Pseudemys scripta in South Carolina

become mature at a fixed age, while males mature at a fixed size.

Modeling Eqq Production

Four years of measurement of egg production at Goffs were available for
analysis, including data from two plots and clutch sizes among tortoises ranging.

from 189 to 250 mm in carapace'length: Some tortoises laid a single clutch and
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some lafd two (or, rarely, three). For purposes of modeling egg produciion we
set the minimum body size at 185 mm (see p. 24) and allowed for the production
of one or two clutches, but not more, We first considered what we will call a
“ful1" model, which allowed for all main effects on clutch size (i.e., female
body size, plots; -years, -sizes of first -and -second ciutches, whether females
laid one clutch or two), and various interactions. This model (R2 = 0,415)
had 33 terms and was far more compiex than we deemed 1ikely to be necessary.

We then experimented with effects of eliminating interactfons. A single
hypothesis test e11minated all but three first order interactions and Ted to a
mode] with 10 variables (R2 = 0.314), Then using backwards elimination and
maximum Rz'techniques (SAS User's Guide, 1979) we further reduced the model to
one with only four terms. This model included only main effects and had an R2
of 0.287. A1l terms were significant at the 5% level. The four terms included
an invariant siope coefficient (i.e., the effect of female body size on clutch
size was constant), lacked any plot effects, and made no distinction between the
size of first and second clutches nor between 1983 and 1984, The model
distinguished between the size of an only clutch and that of the first of two
clutches, and allowed for slight di fferences in clutch sizes in 1985 and 1986.

The above steps, then, reduced the original full model with 33 terms
(k2 = 0.415) to one with only four terms (R% = 0.287). We believe this
reduction 15 R2 (or the amount of observed variation explained by the model)
is justified because of the much greater simplicity of the model and the
1ikelihood that the 4-term model is apt to have more generality than the full
model. Table 27 gives the terms of the 4-variable model as well as F-values and
associated probabilities. The smaller the probability in Table 27 the greater

the importance of the variable.



Table 27, Terms in a four-varfable model predicting
clutch sizes of desert tortofses at Goffs, 1983-1986.

Terms F-values ' Probabilities
Body size 38.6 0.0001
Lays one or two clutches 4.0 0.0478
1985 11,13 , 0.0010
1986 ’ 4,0 0.0469

Table 28 gives regression equations (derived from the four-variable model)
for estimating clutch sizes in 1983 and 1984, 1985 and 1986 (taking into account
the differences just described). The first three lines of the table show that
if a tortoise lays only one clutch it is, on average, about 0.5 egg larger than
the first clutch of a female of the same size laying two clutches. This point
was also made following our earlier analysis of data from 1983-1985 (Turner
et al. 1986). The models also show that 1985 clutches were, on average, about
0.7 egg larger and 1986 clutches about 0.6 egg smaller than those in 1983 and
1984,

We need to incorporate the foregoing information into what might be viewed
as an "average" egg production model representing the overall experience
observed between 1983 and 1986, Table 28 gives one pair of equations relating
to 1983 and 1984 (two of the four years) as well as pairs of equations for the
years 1985 and 1986. In combining these equations we need to give double weight
to those pertaining to the two-year period (1983 and 1984). The last line of
Table 28 gives average equations giving double weight to the 1983-1984
intercepts. It is these final two equations with which we computed age-specific
fertility in our 11fe-table model.
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Table 28. Equations for estimating clutch sizes (C) of
female desert tortoises at Goffs. Female body size is L.

Years First and second One clutch
clutches
1983, 1984 € = 0.03935L - 4.13 C = 0.03935L - 3. 63
1985 C = 0.03935L - 3.41 c=0. 03935L - 2.91
1986 C = 0.03935L - 4.69 c=0. 03935L - 4.19
Weighted mean C = 0.03935L - 4.088 C=0. 0393sL - 3.588

Table 29 shows how clutch sizes vary owing to differences in body size and

clutch frequency.

Table 29. Estimated mean clutch sizes as a function
of female body length and numbers of clutches laid.

Body length Lays only Lays two
(mm) one clutch clutches
185 3.69 : 3.19
200 ~ 4.28 3.78
215 4,87 4,37
230 5.46 4.96
245 6.05 5.55

We next considered the problem of how to allocate clutch frequencies among
the population of breeding females. Turner et al. (1986) analyzed 1983-1985
data from Plot 2 and showed that as females become larger the probability of
1aying two clutches increases. This effect was also apparent when we examined
all available data (1983-1986) from Plots 1 and 2. We established the following
probabilitfes of laying one clutch-~depending on female body size: females
185-196 mm (0.696), females 197-215 mm (0.316) and females >216 mm (0.304).
When we tested this system with cbserved female size distributions in 1985 and

1986 the predicted mean clutch frequencies were 1.68 and 1.65, respectively.
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This result is consistent with overall experience at Goffs between 1983 and 1986
(see Table 13).

We have already discussed estimates of natural fertility of eggs (94%) and
the fact tha; a few eggs (6.6%) may be accidentally broken during laying
(see p. 36). HWe-must-also take -tnto account that some eggs are destroyed by
predators while the eggs are developing. We estimated nest predation rates in
. two ways: (1) by counting destroyed nests and comparing the total to the number
of nests believed to have been constructed by bréeding females in Plot 1, and
(2) by counting nest§ destroyed among smaller numbers of nests under direct
observation. The latter procedure generally produced higher estimates of nest
predation.- We have no way of resolving this apparent difference using existing
déta. For modeling purposes, we assumed an average nest predation rate of 37.1%
based on total counts of destroyed nests in Plot 1 (see Table 16). We also
assumed that the number of eggs in a nest has no influence on its vulnerability.
Finally, only half the eggs laid are destined to produce female offspring. For
female tortoises of any given age, the probablity that the total eggs laid (E)

will produce live female hatchlings is:
£(0.939)(0.934)(0.629)(0.5) ()

or 0.276, where 93,9% of eggs are fertile, 93.4% are unbroken, 62.9% are

undestroyed, and 50% are females.

Age-specific mortality rates

Estimating survival of female tortoises involved two principal steps:
(1) keeping track of numbers of females of different size-age relationships--as -

explained in the section on growth (pp. 54-61), and (2) using size-specific
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surinorship functions to compute annual survival of females of different ages
from one year to the next. ‘

Table 20 showed survival rates of female tortoises >180 mm in length and of
various groups of tortoises of lesser size. These functions are continuous so
ve can estimate annual survival for-tortoises of any size. We also wished to
use estimates of the mean annual survival observed between 1977 and 1985 and not
those values for the shorter intervals represented in Table 20. As explained
earlfer (p. 42), we could compute an average annual survival rate for tortoises
of size x (gg;?Q'mm):by using x in Equation (2), then computing annual survival
for the intervals 1977-1980, 1980-1983, 1983-1984, and 1985-1986, and finally
computing the geometric mean of these values by giving triple weight to the
three-year estimates. For example, to estimate the annual surv.sal of a female
tortoise 162 mm in length, one solves Equation (2) four times, using values for
Bos Bys and B, as given for four intervals in Table 19. These estimates
are, respectively: 0.865 (1977-1980), 0.877 (1980-1983), 0.779 (1983-1984), and

0.863 (1984-1985). The weighted mean survival is- then:
C(0.865)3(0.877)3(0.779) (08631148 (1

or 0.858. For female tortoises >180 mm in length we used Equation (3) and
followed the same procedure just described. For example, the four separate
" {nterval estimates for a female 200 mm long are 0,927, 0.924, 0.876 and 0.907,

respectively. The weighted mean is 0.917.

Results
The final 1ife-table, pertaining to the Plot 1 population, was created by

integrating five subtables relating to qufnti]es of females growing at variable
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rates. The five subtables, each beginning with 2,000 female eggs, are given in .
Appendixes 1-5. The overall life-table is shown in Table 30, It begins with
10,000 female eggs, of which 5,517 hatch. The hatching success is the product
of the following terms: 0.939 (fertility), 0.934 (unbroken) and 0.629

" ~“{undestroyed by predators). -Some ‘mortality (ca. 15%) is assumed to occur
between the time eggs hatch (late summer and early fall) and the ensuing spring.

By April of the year following hatching, at an age we designate year 1, 47% of
females in the original roster of 10,000 eggs remain,

Tortoises in di%fergnt quintiles grow at different rates, and the fastest
growing survive better than the most siowly growing. The mean sizes of
tortoises of the same age diverge and the rapidly-growing females make up
progressively more of ‘e surviving tortoises. Up to the size of 175 mm 603 of
the females in any quintile switch randomly to some other quintile every three
years. Hence, each quintile comes to be composed of females of different sizes,
and the overall life-table reflects the weighted mean size of all of the females
(in each of five quintiles) at any given age.

A consequence of the foregoing is that tortoises reach the assumed size of
sexual maturity (185 mm) at different ages: 19-20 years, 16-17 years, 14-15
years, 13-14 years, and 11-12 years, depending on predicted growth rates. The
summary life-table (Table 30) shows an estimated 429 tortoises 12 years old and
the production of about 345 female eggs by this age group. The foregoing
discussion makes it clear that only a fraction of the females alive at age 12
‘are reprodycing. In fact, the only breeding females at this age are the 110
composing the fastest-growing quintile (Appendix 5). The n value shown in
Appendix § (3.149) was computed on the basis of the mean si;e of the 12-year old
females in this quintile (196.5 mm). At this size, 31.6% of females lay one



Table 30. A life-table for the desert tortoise at Goffs.

The last three columns are

defined as in Table 26.

Age, X Mean
(years) length 1 m, 1m
(mem)
Eggs 10000.0
‘Hatch 45,0 5516.5 0.0 0.0
1 49,7 4698.4 0.0 0.0
2 56,2 3591.8 0.0 0.0
3 64.3 2769.7 0.0 0.0
4 73.0 2158.5 0.0 0.0
5 81.8 1700.4 0.0 0.0
6 91.3 1353.5 0.0 0.0
7 ~101.4 1088.8 0.0 0.0
8 111.8 885.3 0.0 - 0.0
9 122,8 727.2 0.0 0.0
10 134.4 603.6 0.0 0.0
11 - 146.4 506.0 0.0 0.0
12 - 159.0 429.0 0.804 345.087
13 171.0 369.7 0.932 344.713
14 181.° 323.3 1.588 513,354
15 191.2 286.9 2.321 665.815
16 198.3 258.2 2.589 668,242
17 203.8 234.6 3.076 721.814
18 208.3 215.2 3.284 706.858
19 211.4 198.8 3.375 670.738
20 213.7 184.4 3.678 678.386
21 215.5 171.8 - 3.739 642.515
22 217.0 160.6 3.840 616,732
23 218.1 150.4 3.877 583.116
24 219.0 141.1 3.910 551.625
25 220.0 132.5 3.943 522.376-
26 220.9 124.6 3.973 495.009
27 221.8 117.3 4,003 469,555
28 222.7 110.5 4,032 445,758
29 223.5 104.3 4,064 423.854
30 224.4 98.5 4,092 403.007
31 225.2 93.1 4.119 383.481
32 226.0 88.1 4,146 365.226
33 226.8 83.4 4,173 348.143
34 227.6 79.1 4,200 332,065
35 228.3 75.0 4,225 316.893
36 229.1 71.2 4.250 302.670
37 229.8 67.7 4,275 289.290
38 230.6 64.3 4,300 276.671
39 231.3 61.2 4,324 264.794
40 232.0 58.3 4,348 253,585
41 232.7 55.6 4,371 242.969
42 233.4 53.0 4,395 232,954
43 234.1 50.6 4,418 223.469
44 234.8 48,3 4.440 214.474
45 235.4 46.2 4,462 205.963
46 236.1 44,1 4.483 197.885
47 236.7 42.2 4,505 190.209




Table 30. (cont.)

(Age, ; Mean

years length 1 m 1.m
48 237.3 40.4 .4.526 182.935
49 . 237.9 ... .38.7 .. 4.544 176.028

. S50 238.5 371 4,366 169.433
S8 239.1 35.6 4.386 163.174
52 23%9.7 34.1 4.606 157.212
S3 240.3 S2.8 4,624 131.3516

. 54 240.8 31.5 - 4,643 146.092
S5 241.4 30.2 4,661 140,917
Sé 241.9 29.1 4,680 - 135.999
57 282.5 27.9 {4,699 . 131.308
S8 243.0 26.% 4,716 126.800
S9 243.5 25.9 4.734 122.529
60 244.0 24.9 4.751 118.411
41 244.5 24.0 4,768 114.480
&2 245.0 23.1 4.784 110.687
&3 245.5 22.3 4.79%9 107.061
- &g 245.9 21.5 4.813 103.584

. &3 246.4 20.68 4.830 100.261
b6 246.8 " 20.0. 4.845 97.073
&7 247.2 19.3 4.859 93.988
48 247.7 18.7 4.874 91.061
&9 248.2 18.0 4.8%90 88.251
70 248.6 17.4 4,903 85. 528
71 249.0 16.9 4.917 82.915
72 24%9.4 16.3 4.930 80.406 .
73 249.8 15.8 4.944 77.992
74 250.1 15.3 4.955 75.648

Total

18413.867

- Gq—
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clutch and the remainder lay Wo. Egg production by these females may be
computed as follows:
0.316(129.7)[0.03935(196.5) - 3.588] = 169.85 (8)
2 0.684(129.7)[0.63935(196.5) - 4.,088] = 646.60 (9)

Here the mean egg production equations from Table 28 are combined with the
numbers of females alive and their respective body size. The 816 eggs are
produced by 109.6 females. Half of the eggs are females so the mean female egg
production by the 12;year-o1d cohort is 3.15(109;6) or about 345. Note that in
the overall 1ife-table (Table 30), the value of m (0.804) 1s computed in

terms of all females alive (429) even though on1f-109.6 are actually
reptjducing.

By age 20 years, females in all quintiles are reproducing (Table 31) and
the computation of total egg production is carried out along the same lines as
1ndiéated above, The mean body length of the 184.4 females alive 1s 213.7 mm,
but the proportions of each qgintiIe producing one or two clutches of eggs, and
mean clutch sizes, are calculated according to the mean body sizes in each
quintile. For example, the most slowly growing females (first quintile) are of
a size at which about 70% lay one clutch of eggs, while the probability of
fourth and fifth quintile females laying one clutch is only about 303.
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Table 31. Changes in mean carapace length and numbers of survivors among five

quintiles of tortoises growing at variable rates.
the slowest growth, the fifth the most rapid.

The first quintile reflects

Age, years Quintiles Mean carapace Number of
' length {mm) survivors
1 1 45.0 940
2 46.6 940
3 48.4 940
4 51.5 940
5 57.3 940
5 1 62.6 322
2 74.6 333
3 80.4 338
4 87.3 346
5 101.7 362
10 1 97.4 9
2 117.5 112
3 129,5 119
4 144.6 128
. 5 167,70 145
15 1 143.3 38
2 170.6, 47
3 189.1, 53
4 203.5, 64
5 216.1 85
20 1 189.9, 18
2 203.8, 26
3 209.5, 34
4 216.4, 44
5 224.8 63

*
sexually mature
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The overall life-table was continued in this manner through the age of 75
years, by which time about 0.3% of the original cohort of hatched tortoises
remained alive. The net reproductive rate (50) derfved from Table 30 is
1.841, or the sum of the 1.m column divided by the initial total of 10,000
female eggs. This value é;EZéds-1.o. and fndicates that, were the assumptions
in the table both correct and invariant, the Goffs population would be
i{ncreasing in size.

We can compute the annual rate of increase by first calculating what
Laughlin (1965) terﬁed Ic’ or cohort generation time. This parameter is
estimated as: -

/Z_Ln_z£ {(10)

The numerator of this expression, derived from Table 30, is 589,122, so the
coﬁort generation time is about 32.0 years, One then computes r., or capacity
for increase:

= 1In(R_ )/

R,/T, (1)

=%
or 0.0191 per year. The factor by which the population would increase in a year
0.0191

is then or 1.019, equivalent to an annual increase of about 1.9%.

The life-table constructed as we have described it predicts an increasing
population, but the rate of jncrease is so slight that we have no way of
confirming or rejecting the result on the basis of our sampling data. Turner
and Berry (1984: 18 et seq.) reviewed various estimates of the Goffs tortoise
population ranging from 243 to 502. An annual increase of from around 4 to 10
individuals--a1l recruited into the smallest size-class--would be undetectable

by any feasible sampling program. In fact, because of the long cohort

generation time (32 years) even very high (or low) values of 50 predict annual
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rates of change that would be difficult to measure in the short term. For

example, an value of 0.2 predicts an annual decrease of only 5%, and if

32
T TRy TisT50 thepredicted rate of annual increase is about 13%,—These
Sggervations emphasize how difficult it is to assess the status of a long-lived
species, and how the impact of deleterious-influences may be masked for many
years. Our analysis also suggests that short-term negative influences, if
reversiﬁ]e. will not be dangerous to the long-term well-being of the species.
Irreversible degradation of environmental conditions, e.g., long-term decreases
in rainfall and avaiiable forage, or continued anthropogenic disturbances to
vegetation and/or soils could eventually lead to local extinctﬁons. None of
these conclusions is new, but the Vife-table emphasizes in a quantitative manner
the special problems existing among long-1ived species.
Of course, the Goffs 1ife-table may be wrong in various ways, or may lack
- . generality over much of the range of the species. These are not issués that can
be resolved in this report. We did make two simple tests of effects of changing
the life-table. One test involved extending the 1ife~span beyond 75 years, and
treating the survivorship curve as an infinite series. This had little effect,
changing the estimate of 50 to 2.08 and the estimated rate of annual increase
to 2.3%. In another test :; imposed more severe nest predation, assuming that
63% of nests are destroyed instead of 37.1%3. This change reflected estimates
based on groups of nests under direct observation (see Table 16). The new
estimate of R (1.145) did not change the cohort generation time and led to an
‘estimated anﬁ;;1 increase of 0.4%.
The 1ife-table does not predict a stable age distribution, which would be
true if R° were equal to 1.0. We computed an expected size distribution for
the Goffs population assuming that all tortoises die at the age of 75 years and

an annual rate of increase indicated by Table 30 (1.9%) over a.period of
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75 years. We did this by téking the size-categories used in our earlier reports
({.e., <60 mm, 60~99 mm, 105-139 mm, 140-179 mm, 180-207 mm, 208-239 mm and

2240 mm) and grouping lx values within these ranges for each of the quintiles
shown in Appendixes 1-5—(not the same as using 3x values from Table 30). MWe
compared this -distribution with two “kinds- of digg}tbutions based on the size
distribution observed at Goffs in the spring of 1983 (see Turner and Berry,
1986: 15). We adjusted the observed 1983 distribution'by taking into account
the estimated probabi]ities:of capture of tortoises of di fferent sizes in 1983
(see Fig. 3). From fhe uppermost curve in this figure we took values of P for
tortoises with sizes of 50 mm (0.42), 80 mm (0.55), 120 mm (0.73), 160 mm
(0.85), and for females 200 mm (0.95), and 225 mm (0.97), and divided numbers of
female tortoises in the 1983 sample by sampling efficiencies appropriate to each
size class. We assumed that half of the tortoises <180 mm long in the 1983
sample were females. We used the same sampling efficiency (0.97) for all female
tortoises >208 mm long. Table 32 compares size distributions based on the life-
table and on the 1983 sample for all size groups.

Table 32. Comparison of life-table size distribution
and adjusted 1983 size distribution at Goffs.

Size (mm) Number females Adjusted 1983 Life-table
observed in 1983 sample distribution
' n ) 4 ()
<60 6l 14.3 5.2 39.7
60-99 51.5 93.6 34.0 32.0
100-139 31 42.5 15.4 10.7
140-179 21.5 25.3 9,2 4,5
180-207 33 34.7 12,7 4.1
208-239 62 63.9 23.2 7.8
240+ 1 1.0 0.3 1.3
1

based on 12 yearliings registered in spring
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These two distributions are not in agreement, partly because of the
“deficiency of small tortoises in the observed distribution. This was an
expected problem, and not one we can do much about. We have always believed
that such toriotsesvare consistently underrepresented in samples (see Berry and
Turner, 1986). The life-table distribution also predicts much lower proportions
of larger females than observed, except in the very largest size category.

We can make a fairer test of the life-table values by limiting the
comparison to tortoisés 2140 mm long, f.e., those size classes in the population
that are presumably sampled with better than 80% efficiency. Table 33 makes
this comparison. The accord is improved, and the only major incongruity is
among the very largest females. The 1ife-table size distribution in Tabl. 33
was modified in accordance with size-specific probabilities of capture to give a
size distribution one might expect to observe in a sample of 117.5 desert

Table 33. Comparison of 1{fe-table size distribution and adjusted
1983 size distribution at Goffs, including only tortoises 2140 mm long.

Size (mm) Adjusted 1983 size Life-table size
distribution (3) distribution (3)

140-179 ‘ 20.3 25.7

208-239 51.1 4,1

2240 0.8 7.2
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tortoises (the number of female tortoises >140 mm in length registered in 1983).
When this distribution was compared with the 1983 distribution in Table 33, the
" total X2 (3 d.f.) was 10.5 (p = 0,015), There is, then, a statistically
significant difference between these two distributions owing to the higher
predicted incidence of females >240 mm.

In the absence of further tests of the 1ife-table model, we can only
venture some intuitive comments. There is strong evidence that the life-table
model is overestimating numbers of females attaining sizes of 240+ mm. Samples
of tortoises from Piot 1 have shown that there are at least two females of this
size in the area, though only one of these happened to be observed in 1983.
Even allowing for this second individual, the relative abundance of such large
females is apparently less than 2-3% in the Goffs female p pulation. The
overabundance of large females in the life-table may reflect any of several
kinds of errors, or interactions thereof. Although there is certainly
variability in growth rates of various females, we may have overestimated the
force of this effect. An analysis of growth of 15 desert tortoises of known
ages over a period of more than 20 years in southern Nevada suggests far less
varfability in size-age relationships (Turner et al., 1987). The predicted
survival rates of older females may be too high, or the nature of the assumed

size-survival rate function may change at advanced ageﬁ.,
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IX. Discussion

As with most models of the nature of our 1ife-table, the results raise a
new set of questions of increased complexity. The value of the 1ife-table
probably“1ies more in the development of 1ts components and the definition of
new questions than in the integration of the table itself. In spite of the
problems we have reviewed, the overall product represents a substantial
achfevement in incorporating a large body of data into a quantitative expression
of desert tortoise population function. |

The 1{terature contains only one other 1ife-table for a chelonian--that

developed for the painted turtle (Chrysemys picta) in Michigan (Wilbur, 1975;

Tinkle et al., 1981). Table 34 contrasts some of the attributes of these

tables.
Table 34. Attributes of life-tables for the painted turtle
and desert tortoise
Attribute Painted turtle Desert tortoise
Wilbur Tinkle et
(1975) at. (1981)
Sex ratio 1:1 | 1:1 1:1
' Female age at 7 7 12-20
maturity (yrs)
Annual survival 0.76 0.76 ' 0.76-0.97
rate after first
year of life
'Age-specific 6.6 ' 2.8 3.7-5.0
fecundi ty
Ro 1.0 1.5 1.8
Mean length of 11 - 32

a generation
(years)
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The table devised by Wilbur was based on his research between 1968 and 1973

combined with older records of turtles collected from the same ponds between

1953 and 1957 (Sexton, 1959a, b; 1965). Tinkle et al. (1981) introduced -BWoovlie

important changes in Wilbur's table: a substantial reduction in female
fecundity and-am {increase -in first—year survival from 18% (as -estimated by
Wilbur) to 67%. The net effect of these changes increased the value of R0 by
about 50%3. The desert tortoise 1ife-table is clearly more complex than these
tables, incorporating age-specific variability into estimates of age at sexual
maturity, egg producfion and survival. The tortoise table also differs from the
painted turtle tables in that the former is based on survival rates increasing
with age wirile the latter assume age-constant rates of mortality.

A life-table is limi ed in its predictive poteﬁtial, assuming invariant

schedules of reproduction and death and (unless Ro is equal to precisely one)

constant annual rates of increase or decrease in size. We know, however, that .. _ .

populations do not function in such ways. Wilbur (1975) actually constructed
two 1ife tables for the painted turtle--cne for the period 1953-1957 and another
for the period 1968-1972. These tables differed in their schedules of survivor-
ship. According to Wilbur the 1972 table showed “...a higher survivorship ffom
egg to hatchlings reaching the pond, but a reduced annual survivorship once
turtles reached the pond." The mean generation time for the 1972 table was a
little less than that for the 1957 table, indicating that the more recent
population was “...turning over at a faster rate.” If the Goffs population of
desert tortoises were studied for another four years the 1ife~table derived from
that work would differ from the one described in this report.

A better instrument for management planning would be a simulation model
driven by some abiotic variable (or variables) which could project fluctuations

in the size and composition of a desert tortoise population over time. Two
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examples of such models for short-lived species are those for the Great Tit in
England (Pennycuick, 1969) and the side-blotched uta in southern Nevada (Turner
et al., 1982b). The abjlity to project hypothetical changes in population
states becomes even more important when dealing with extremely long-lived
animals iike the tortoise. It is extremely difficult to infer the consequences
of environmental change when the mean generation time of the subject species is-
more than 30 years. The Tit and uta models were based on many years of
observations and/or experimentation, and incorporated an understanding of
biological mechanism Qell beyond that existing for the desert tortoise.

While it would not be wise to attempt to devise a population model for the
desert tortoise, we can nevertheless use information that has been derived from
our study to estimate possible long-term effects of change on the Goffs
- population. A simple example is that provided by the use of t&o alternative
values for nest destruction in the formulation of the life-table. When nest
destruction was set at 373 the value of Ro was 1.84; when nest destruction was
set at 63% the value of R0 was 1.14. Both assumptions imply populations with
modest rates of annual increase (0.4 to 1.9%3)., Similar tests could be made of
effects of changing the 1) rate of sexual maturation of females, 2) age-spesific
fecundity of females, and 3) rates of annual survival. Various combinations of
changes could also be examined.-

The most effective way to carry out these kinds of analyses is to prepare a ‘
computer program capable of 1) starting with a population of a particular size,
'sex ratfo and age-distribution, 2) applying specified rates of fecundity and
mortality predicting vélues of Ro £ 1, 3) computing new estimates of
population attributes each year, and 4) tracking projected changes in the status
of the population over intervals of 30-to 50 years. One might postulate, for

example, some set of events--either natural or anthropogenic--reducing the
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production of food available to tortoises. This would then lead to reduced

female fecundity--possibly to such a low level that the population would begin

to -deciine:—What would-be-the-nature- of ~the-size-distribution-of such a-—- -- s
population after 5, 15 or 20 years? Would such projections help us to interpret

some of the size distributions reported for various Califprnia tortoise

populations (Berry and Nicholson, 1984)? After a long period of decline in

numbers, how long would it take for a population to “recover,” given a return to

normal conditions?

As shown in Table 20 our life-table assumes a difference in annual survival
rates of male and female tortoises at body sizes exceeding 180 mm. On the other
hand, we hive emphasized (p. 18) that 1983-1986 samples of the Goffs population
invariably indicated balanced sex ratios among adult tortoises. One would
jmagine that the postulated improvedisurvival of older females would lead to
. _populations_with more adult females than males, which would be inconsistent with
actual observations. By an extension of the procedures discussed above, we
could examine long-term changes in the sex ratio of a population starting with a
ratio of 1:1 but with differential adult survival rates. If disparities in the
abundance of males and females occur, we would have to reexamine some of the
assumptions underlying the survivorship models.

The development of the life-table has emphasized how difficult it is to
estimate survival rates using capture-recapture data pertaining to marked
tortofses. Table 19 shows that even the extensive body of informatfon available
‘for the Goffs population resulted in wide confidence ranées for parameters
estimating intercepts and slopes of survival rate curves. This uncertainty may
be contrasted with the modest standard errors of clutch size and frequency
parameters (Table 13). These points are related to one of the purposes of this

study, viz., the provision of improved bases for designing future mitigation-
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oriented investigations of tortoise biology. Such studies may rely on attempts
to measure various impacts on tortoises, possibly by comparing stressed and
control populations: Our work shows that, in general, variables relating to
rgproduction will provide more reliable comparisons of field populations than

variables relating to survival,
X. Summary

Research on the desert tortoise was con&ucted in two 2.59-km? (1-m12)
plots near Goffs, California, beginning in the spring of 1983 and continuing
through the early autumn of 1986, Production of eggs was measured by periodic
radiography of females bearing radiotransmitters in Plot 2 in all four years and
Plot 1 in 1985-1986. The composition of the Plot 1 population and survival of
its members was evaluated by repeated censuses. We also made use of earlier
samples from this population (1977, 1980) in analyses of growth and survival of
tortoises. We estimated numbers of tortoises >140 mm in length in Plot 1 as
about 215, but did not attempt to make estimates of numbers of smaller
tortoises. We believe that at least 500-600 tortoises occupy Plot 1, but this
estimate assumes the presence of far more small tortoises than we observed. The
adult sex ratio 1s apparently 1:1,

Groups of from 10 to 26 females with transmitters were examined
periodically during the breeding seasons of 1983 through 1986, and X-rays taken
at about 2-week intervals between early April and late June. Numbers of
clutches produced and the size of clutches were determined from radiographs.
Females were reproductive at a body size of around 185 mm. Because growth rates
of females vary, some individuals are mature at ages of 12 years while show-

growing females may be as old as 20 years. With rare exceptions, females lay
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1-2 clutches of eggs during May and June, The probability of a female >216 mm

long laying two clutches (70%) is greater than that for females <197 mm in

-tength (30%).— Ctutch-frequency varies between years and is highest when

- production of herbaceous annuals, on which tortoises feed, is high. For

example, in 1983--when herbaceous ‘production was about 14 g/mz--the average
clutch frequency was 1.9. Conversely, when herbaceous production was 0.6 g/m2
in 1986, females laid an average of 1.5 clutches, Observed clutch sizes ranged
from one to ten eggs, and the overall mean during the study was 4.46. Clutch
sfze 1s strongly and airectly correlated with body size, and females 235 mm long
lay clutches about 50% larger than do females 195 mm in length. If a female
lays only dne clutch, it is about 0.5 egg larger than the %1rst clutch of a
female laying two clutches. We measured small, but statistically significant,
differences in mean clutch sizes in different years, but the main factor
influencing annual changes in fecundity is clutch frequency.

About 12% of eggs laid are efther infertile or broken during laying. Loss
of eggs is principally owing to nest predation by foxes and coyotes. We
estimated numbers of nests produced by the breeding females in Plot 1 and
compared this number with numbers df destroyed nests counted in Plot 1 between
June and September. Nest predation estimates ranged from around 25% in 1983 and
1984 to 44-53% in 1985 and 1986. We also estimated nest losses by counting
nests destroyed among smaller groups of nests under direct observation. On
average, over 60% of such nests were excavated by predators. The higher rate of
nest predation (1985-1986) corresponded with apparent declines in abundance of
kangaroo rats and lagomorphs (normal prey of foxes and coyotes) in Plot 1.

Annual survival rates of tortoises were estimated using capture-recapture
data acquired between 1977 and 1986, Fitting the logistic model to observations -
led to conclusions that (1) survival rates were positively correlated with body

size, (2) survival varied over time, and (3) mature females exhibited better
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survival than males of the same size. The poorest survjval occurred between
1983-1984. Among tortoises >180 mm long the best survival (>90% per year) was
during tﬁe periods 1977-1980 and 1980-1983. Estimated annual survival of small
tortoises (50-100 mm) ranged from 70 to 80% between 1977 and 1985. All
predictions had large confidence intervals, emphasizing the difficulty in
deriving reliable estimates of survival even using an extensive body of
obserations.

The foregoiﬁg information was combined in a Tife-table measuring the
capacity of the Plot 1 population io replace itself over time. This table was
based on average reproductive performance (as observed between 1983-1986) and
survival (1977-1985), but allowed for variability in female growth rates. The
female life span was set at 75 years. The rate of nest d.struction by predators
-was taken as 37.1%, The net reproductive rate (30) computed from the table
was 1.84. This measure is <1 in a decreasing population, 1.0 in a stable
population, and >1 in a growing population. If the measurements and assumptions
built into the 1ife-table remained invariant, the Plot 1 population would
gradually increase in size. However, the cohort generation time (32.0 years) is
so long that our model predicts an annual rate of increase of only about 2%.

The life-table provides only very general information as to management
strategies for the desert tortofse. The tortoise depends on vegetation for food
and cover, and its reproductive capacity is positively correlated with net
production by annual plants. Destruction or alteration of native vegetation
would obviously be deleterious. A reduction fn the abundance of nest predators
would increase recruitment, but this gain might be offset by unforeseeable
mortality owing to other causes. B8etter management insights might be brovided
by using the life-table as a basis for computer simulations of long-term changes -
in tortoise populations resulting from environmentally or anthropogenically

induced changes in rates of reproduction and survival.



X1. Conclusions

The following information about the Goffs desert tortoise population

resulted from this study:

° sampling between 1983 and 1986 failed to indicate changes in the size of
the population, The number of tortoises >140 mm in Yength was about
215/mi 2. Thg_gex ratio was 1l:1,

° female tortofses laid from one to two clutches during May and June.
Larger females were more 1ikely to lay two clutches than smaller ones.
Mearf clutch frequency varied from 1.1 to 1.9. Clutch frequency was
positively and si .aificantly correlated with aboveground production by
annual herbaceous plants. There was no evidence that egg production
declined among very old females.

* Clutches laid by tortoises ranged in size from one to ten eggs, and the
4-year mean clutch size was 4.5. Clutch size was positively correlated
with body size.

°* The heaviest toll on eggs was due to destruction of nests by kit foxes
and coyotes.

* Growth of female tortofses was variable. A growth model including
provision for this variation predicts that females become sexually mature
at ages ranging from 12-20 years, with a median age of 14-15 years.
survival of tortoises was positively correlated with body size. Survival

varied over time and mature females exhibited better survival than males

of the same size.
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* A life-table for the tortoise indicated that if conditions embodied in
the table were fnvariant the Goffs population would increase at a rate of

2% per year,
The management implications of these findings are as follows:

° Many of the eggs laid by tortoises are destroyed by predators. If nests
were protecte& by screening or cages, we could expect improved hatching
success.

° Improved hatching success could also be achieved by the elimination of

kit foxes and coyo s from portions of the tortoises' range.

Because egg production is improved when there is more spring forage. any

steps taken to improve germination and growth of herbaceous plants would

tend to increase numbers of eggs laid. Artificial irrfgatfon and/or
elimination of grazing would be actions contributing to these ends.

® Not all of the above a;tions are econom1§a11y feasible, and at lTeast one
(elimination of kit foxes) would be 11legal., The tortoise has evolved in
an environment with 1imited rainfall, and has long coexjsted with natural
preadators. The best management action is to take steps to prevent
anthropogenic degradations of tortoise habitat or, when such steps are

unavoidable, to make arrangements for appropriate habitat compensation.
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XII. Recommendations

° Because of efforts sponsored by the U.S. queau of Land Management and
because of the sustained investment by the Southern California Edison
Company, the Goffs population of desert tortoises is a unique resource.
SCE and the BLM should cooperate to insure that monthly records of
rainfall in Plots 1 and 2 are sustained.

* The life-table described in this report can be improved. The model

apparently overestimates the abundance of females attaining sizes

excéeding 240 mm., The overabundance of very large females in the size-
distribution predicted by the 1ife-table may be owing to several types

of errors. For example, we may have overestimated the growth rate of the

most rapidly growing females. Another'problem is that our analyses of
capture-recapture data suggest that adult females have higher survival
rates than males of the same age. On the other hand, the observed adult

sex ratio is 1:1.

.Changes in one element of the dynamics of a population are often

accompanied by compensatory changes in other processes. These kinds of

interactions are difficult to measure and require complex and costly
field experiments to test. The life-table model can be used to simulate
the effects of postulated changes in birth rates and/or deaths rates, as
well as changes in other elements of the table. For example, we could
examine the effects of changing the 1) rate of sexual maturation of
females, 2) age-specific fecundity of females, and 3) rates of annual

survival. Various combinations of changes could also be examined.
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Estimated schedule of survival and fecundity of female desert tortoises

composing the 0-20th percentile (by length) of a cohort developing from

2,000 female eggs.

XIv. Appendixes

Appendix 1

Age, x Mean 1 m 1m
length x X X X

(years) (mm)

EGBS - 2000.0

HATCH 45.0 1103.3 0.0 0.0

1 ‘45.0 939.7 0.0 0.0

2 46.5 | 713.6 0.0 0.0

3 S1.7 843.1 0.0 0.0
- 4 S57.1 416.3 0.0 0.0

S 62.6 321.9 0.0 0.0

6 68.8 250.0 0.0 0.0

7 75.3 196.0 0.0 0.0

8 8i.8 154.9. 0.0 0.0

9 89.4 123.3 0.0 0.0
10 97.4 . 99.1 0.0 0.0
11 105.7 80.3 0.0 0.0
12 114.5 65.6 0.0 0.0
13 123.5 S54.1 0.0 0.0
14 133.4 45.0 0.0 0.0
15 143.3 37.7 0.0 0.0
16 - 182.7 31.9 0.0 0.0
17 163.4 27.2 0.0 0.0
18 174.2 23.3 0.0 0.0
19 182.9 20.2 0.0 0.0
20 189.9 17.7 2. 382 42.120
21 195.2 135.8 2.916 3%9.684
22 197.7 14.2 3.187 435,381
23 198.7 12.9 3.219 41.609
24 199.4 11.8 3.243 38.112
25 199.9 10.7 3.261 34.901
‘26 200.3 9.8 3.272 31.930
27 200.7 8.9 3.287 29.265
28 201.2 8.1 3.302 26.841
29 201.5 7.4 3.314 24.617
30 - 201.9 6.8 3.325 22.590 .
31 202.2 6.2 3. 335 20.734
32 202.5 D7 3.345 19.041
33 202.8/ S.2  3.355 17.496
34 203.0 4.8 3.363 16.077

-9l -



Appendix 1 (cont.)

Age, X Mean m 1.m
] length X X X
(years) (wm)
35 203.3 4.4 3.371 14.780
36 203.5 4,0 I.380 13.594
X7 203.7 .7 3.386 12.502
38 204.0 3.4 I.395 11.508
39 204.2 . 3.1 3.403 10.598
40 204.4 2.9 I.409 9.759
41 204.6 2.6 3.416 8. 990
42 204.8 2.4 I.423 8.284
- 43 205.0 2.2 3.429 7.5637
435 205.3 1.9 3.439 6.490
46 205.5 1.7 I.446 5.988
¥4 205.7 1.6 3.451 5.924
.48 205.8 1.5 3.456 5.097
49 206.0 1.4 J.461 4,705
30 206.1 1.3 3.466 4.344
o1 206.3 1.2 J.471 4,011
52, 206.4 1.1 I.474 J.703
53 206.35 1.0 3.479 I.422
_54 206.7 0.9 J.484 I. 162
S8 206.8 0.8 3.487 2.921
Sé6 206.9 0.8 I.492 2.701
57 207.14 0.7 3.497 2.497
S8 207.2 - 0.7 I.500 2.309
99 207.3 0.6 . 3.504 2.135
&0 207.4 0.6 3.507 1.975
61 207.95 0.5 3.510 1.826
&2 207.6 0.5 3.514 1,690
&3 207.7 0.4 3.517 "1.564
64 207.8 0.4 3.520 1.447
&5 207.9 0.4 3.524 1.339
&b 208.0 0.4 3.327 1.240
&7 208. 1 0.3  3.530 1.148
68 208.2 0.3 3.534 1.063
&9 208.3 0.3 - 3.9537 0.985
70 208.4 0.3 3.540 0.912
71 208.5 0.2 3.544 0.845
72 208.6 0.2 3.547 0.783
73 208.7 0.2 3.9550 0.7246
74 208.8 0.2 3.553 0.673
75 208.9 0.2 3.557 0.424
6£32.934

Total




Appendix 2 .
Estimated schedule of survival and fecundity of female desert tortoises
composing the 21-40th percentile (by length) of a cohort developing from
2,000 female eggs.

Age, x Mean ] m i.m
length
(years) . (mm)

EGGS 2000.0
- HATCH , .. .45,0 . 1103.3 . 0.0’ 0.0
1 46.6 939.7 0.0 0.0
2 S2.6 715.2 0.0 0.0
3 S59.7 349.0 0.0 0.0
4 &7.2 425.4 0.0 0.0
- 8 74.6 332.8 0.0 0.0
6 82.1 262.8 0.0 0.0
7 90.2 209.3 0.0 . 0.0
8 99.1 168.3 0.0 0.0
9 108.4 136.6 0.0 0.0
10 117.5 111.9 0.0 C.0
11 127.0 92.5 0.0 - 0.0
12 137.7 77.2 0.0 0.0
13 148.0 63.0 ° 0.0 0.0
14 - 1858.6 55.1 0.0 0.0
16 181.0 - 40.7 0.0 . 0.0
17 190.4 35.5 2.393 84.897
~ i8 197.8 o 31.7 S.19% 101,105
19 . 201.8 . 28.8 3.324 95.609
. 20 203.8 26.3  3.390 89.217
! 21 205.2 24.2 3.436 83.061
22 206.2 22.3 3. 469 77.207
23 206.8 20.35 3.488 71.607
24 207.3 " 19.0 3.507 64.461
25 207.9 17.S 3.525 61.732
26 208.3 16.2 3.538 S7.306
27 208.7 15.0 3.3551 S3. 246
28 209.1 4 13.9 3.564 49.492
29 209.4 12.9 3.576 446.020
30 20%9.8 11.9 3.587 42.809
31 . 210.1 11.1 3.8597 39.829
32 - 210.4 . - 10.3 3.607 37.073
33 210.7 9.8 3.617 34,3525

- 34 . 211.0 8.9 ' 3.627 32.166




Appendix 2 (cont.)

Age, X Mean L™ m. : 1m,
length
(years)  (mm)
35 211.2 8.2 3.635 - 29.967
36 211.5 7.7 3.444 27.932
37 . 211.8 7.1 3.654 26.056
38 212.0 b.b . 3.662 24.304
39 212.3 b2 X.4670 22.682
40 212.5 5.8 J.678 T 21.3173
- 41 212.9 5.4 3.687 19.774
42 213.0 8.0 3.695 . 18.472
43 . 213.2 4.7 J.701 17.2546
44 ° 213.4 4.3 3.708 16.124
45 213.6 4.1 3.715 15.071
446 213.8 3.8 3.721 14.091
47 214.0 3.5 3.728 13.179
48 214.2 3.3 3.734 12.32%9
. 49 214.4 3.1 J.741 11.537
S0 214.6 2.9 3.748 10.800
S1 214.8 2.7 3.754 10.112
' 92 215.0 2.5 3.761 9.471%
S3 215.2 2.4 3.766 . 8.848
1) 215.3 2.2 3.771 . 8.307
S5 215.9 2.1 3.778 . 7.786
S6 . 215.7 1.9 3.782 7.295
57 215.8 1.8 3.787 6.839
S8 216.0 1.7 3.792 b.411
S9 216.1 1.6 3.821 . &£.049
60 216.3 1.5 3.B26 5.673
61 2146.4 1.4 3.829 5.319
&2 216.5 . ‘1.3 3.834 : 4.991
&3 216.7 1.2 3.839 8,683 °
b4 216.8 1.1 3.842 4,394
69 2146.9 1.1 3.848 4.125
&b 217.1 1.0 3.852 3.873
&7 217.2 0.9 3.834 3. 6335
&8 217.3 0.9 3.861 . 3.415
&9 217.3 0.8 3.8&6 3.208
70 217.4 0.8 3.869 3.013
71 217.7 0.7 3.872 2.830
72 217.8 0.7 3.876 2.659
- 73 217.9 0.6 3.879 2.498
74 218.0 0.6 3.882 . 2.347
75 218.1 0.6 3.884 2.206

Total - ' 1554.108
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Appendix 3
Estimated schedule of survival and fecundity of female desert tortoises
composing the 41st-60th percentile (by length) of a cohort developing

from 2,000 female eggs.

Age, X Mean 1 : m 1.m
’ length X X XX
(years)  (mm)

- EBGS 2000.0
HATCH:  45.0 1103.3 . 0.0 0.0
1 48.4 939.7 0.0 0.0
2 55.2 717.1 0.0 0.0
3 63.3 552.3 0.0 " 0.0
4 71.9 430.0 0.0 0.0
. 5 80.4 338.4 0.0 0.0
& 8%9.6 26%9.0 0.0 0.0
7 99,2 216.1 0.0 0.0
8 108.8 175.5 0.0 0.0
9 118.9 143.9 0.0 0.0
10 129.5 119.1 0.0 0.0
11 140.4 99.5 0.0 0.0
12 - 182.3- ~-B4,0 = —0.0 0.0
13 164.5 71.8 0.0 0.0
14 177.1 61.5 0.0 0.0 -
15 189.1 53.3 2.359 . 125,730
16 197.4 ° 47.4  3.177 150.717 .
17 202.5 43.0 3.345 143.932
18 205.8 39.4 3.455 136.187
19 207.9 = 36.3 3.526 - 128.111
.20 209.5 33.6 3.578 120.235
21 210.7 31.2 3.618 T 112.746
22 211.7 29.0 3.652 105.766
23 212.6 26.9 3.482 99.240
24 213.2 25.1 3.702 .. 92,988
25 213.8 23.4 3.722 87.203
26 214.5 21.9 3.745 81.922
27 215.1 20.4 3.7464 76.9356
28 215.5 19.1 3.779 72.245%
29 216.0 17.9 3.819 68.332 .
30 216.5 16.8 3.835 &4.277
31 217.0 15.7 3.852 60.505
32 217.5 14.7 3.867 . 54.968
33 217.9 13.8 3.882 S3. 669

33 218.4 . .13.0 3.897 50.592 -




Appendix 3 (cont.)

Age, X Mean m 1.m
I length X x X
(years)  (mm)
35 218.8 12.2 J.912 /47.719
36 L 219.3 11.5 . 3.927 45.036
37 219.7 10.8 I.940 42.510
38 220.1 10.2 I.954 40. 146
-39 220.93 9.4 3.947 37.933
40 220.9 . 9.0 I.980 35.860
41 221.2 8.5 3.992 I3.903
42 221.6 8.0 4.004 I2.066
43 221.9 7.6 4.013 30.342
44 222.3 7.1 4.027 28.723
43 222.6 6.7 4.039 27.202
46 222.9 6.4 4,049 25.762
47 223.3 6.0 4,061 24,416 .
- 48 223.6 5.7 4,072 23.151
49 223.9 G.4 4.082 21.951
S0 224.3 S.1 4.094 20.829
51 224.6 4.8 4.106 19.773
o2 224.9 4.6 4.116 18.770
83 225.2 T A.3 4.126 17.824
54 225.5 4.1 4.1346 16.932
=11 225.8 3.9 4,146 16.089
7- 226.1 3.7 4.156 15.294
S7 226.4 3.5 4,166 14.543
S8 226.7 3.3 4.176 13.833
.99 227.0 3.1 4.184 13.157
&0 227.2 3.0 4.192 12.518
-} ! 227.5 2.8 4,202 11.918
62 227.8 2.7 4,211 " 11.345
&3 228.0 2.6 4,219 10.803
64 228.3 2.4 4.227 10.290
&S 228.5 2.3 4,236 9.804
bb 228.8 2.2 4,244 2.343
&7 229.0 2.1 4,251 8.902
68 229.2 2.0 4.259 ‘8.488
&9 229.5 1.9 4,267 8.095
70 229.7 1.8 4,274 7.719
71 229.9 1.7 4,282 7.3463
72 230.2 1.6 4,291 7.029
73 230.4 1.6 4,297 4.708
74 230. 6 1.5 4,304 6.402
73 230.8 1.4 4.311 b.112
Total

2694.900

-vyo -~



—j/ -

Appendix 4
Estimated schedule of survival and fecundity of female desert tortoises

composing the 61st-80th percentile (by lenqth) of a cohort developing
— ..._m-_..,_..._f.pem_.a..igog_._f.ema]e eggs,....,__, e e | e ©

Age, ‘x Mean 1 m 1. m
’ length X X ' XX
(years)  (mm)

EGGS 2000.0

HATCH -~ 45.0 1103.3 0.0 0.0
1 51.5 939.7 0.0 0.0
2 59.2 720. ¢ 0.0 0.0
3 &8.1 557.6 0.0 0.0
.4 77.5 434.8 0.0 0.0
3 87.3 346.0 0.0 0.0
& $8.1 277.3 0.0 0.0
7 109.3 224.8 0.0 0.0
e 120.5 184.4 0.0 0.0
9 132.2 152.9 0.0 0.0 °
10 144.6 128. 1 0.0 0.0
—— : 11 157.0 108.4 0.0 0.0
12 " 169.9 92.7 0.0 0.0
13 183.8 80.0 0.0 0.0
14 195.7 70.2 2.530 177.654
] 203.5 63.5 3.379 214.452
16 208.0 . 58.3 3.530 . 205. 431
17 210.8 . 53.9 @ 3.4622 195.196
18 213.1 50.1 3.4698 185.220
19 215.0 . 4b6.7 3.761 175.679
20 2146.4 43,7 3.832 167.394
21 217.7 40.9 3.875 158.640
22 219.0 38.4 3.919 150.594
23 220.1 36.1 3.952 142.842
24 221.0 34.0 3.983 135.545 .
25 221.9 32.1 4.014 128.793
26 222.8 . 30.3 4.044 = 122.472
27 22%.7 28.6 4.074 116.583
28 224.6 27.1 4.103 111.040
29 225.4 25.6 4.129 - 105.825
30 - 226.2 24.3 4.156 100.944
31 226.9 23.0 4.181 96.328
32 227.7 21.9 4,206 §2.007
33 228.4 20.8 4,231 87.940

34 229.1 19.8 4.254 - B4.090
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Appendix 4 (cont.)

Age, X Mean T m 1.m
length
(years) (mm)

35 229.7 18.8 4,276 80.430
36 - 230.4 17.9 4,298 76.98%
37 231.0 17.1 4.319 73.735
38 231.7 16.3 4,341 70.672
39 232.3 15.5 4.362 &7.77%
40 232.9 14.8 4,382 65.009
41 233.5 14,2 4.402 &2.395
42 234.1 13.5 4,422 59.919
.- 83 -234.7 13.0 4.441 §7.549
a4 235.2 12.4  4.459 55.307 °
- 435 235.8 11.9 4.477 53.173
46 236.3 11.4 4.494 51.130
47 2346.8 10.9 4.511 49,187
48 237.3 -10.5 4.527 47.339
49 237.8 10.0 4.544 45.580
S0 - 238.2 9.6 4,559 43.887
S1 . 238.7 9.2 4.574 : 42.277
32 239.1 8.9 4.589 40.738
. 33 239.6 8.3 4.604 39.274
54 240.0 8.2 4.619 37.872
SS 240.4 7.9 4.4632 36.523
-7 - 240.9 7.6 4.647 35.248
7 241.3 7.3 4,662 34.026
Se 241.7 7.0 4,676 32.848
59 . 242.1 6.8 4,689 J1.721
60 242.5 6.3 4,702 30.643
b1 242.9 6.3 4.716 29.610
62 243.3 6.1 4.727 28.609
&3 243. 46 5.8 4.739 27.4653
&4 244.0 S.6 4.730 26.733
63 244.3 S.4 4,762 25.853
&7 245.0 S.1 4.784 24.185
&8 245.3 4.9 4.796 23.407
&9 245.7 4.7 4.807 22.657
70 246.0 4.6 4.817 21.930
71 246.3 4.4 4.827 21.231
72 246.6 4.3 4.837 20.558
73 2446.9 4.1 4.847 19.912
74 247.1 4.0 4.855 19.2682
75 247.4 3.8 4.864 18.677

Total . 4631.375




Appendix §
Estima;ed schedule of survival and fecundity of female desert tortoises

composing theialst-IOOth percentile (by length) of a cohort developing
from 2,000 female eqgs.

Age, x - -Mean ] m 1.m
Tength X x X"x
(years)  (mm)

EGGS 2000.0

HATCH 45.0 1103.3 0.0 0.0
1 S7.3 ?39.7 0.0 0.0
2 67.0 725.8 0.0 0.0
3 78.1 S5&67.7 0.0 0.0
. 4 90.0 450.1 0.0 0.0
S 101.7 361.7 0.0 0.0
() 113.8 294.4 0.0 0.0
7 126.8 242.6 0.0 0.0
8 139.8 202.3 0.0 0.0
9 133.5 176.3 0.0 0.0
10 167.7 145.4 0.0 0.0
11 182.6 125.2 0.0 0.0
12 196.5 109.6 3.149 - 345.087
13 206.4 99.2 3.474 344.713
14 212.2 T 91.5 3.6467 335.700
1S5 216.1 85.3 3.819 325.633
16 218.7 79.9 3.906 311.894
17 220.5 75.1 . 3.948 297.790
18 222.1 70.7 4.021 284,345
19 223.4 646.8 4.064 271.339
20 224.8 63.1 4.109 259.421
21 . 226.1 59.8 4.154 248.384
22 227.3 S6.7 4.193 237.783
23 228.4 S3.9 4.229 227.819
24 229.5 51.2 4.266 218.519
- 25° 230.5 .48.8 4,301 209.747
- 26 231.5 46.35 4.333 201.379
27 232.4 44.3 = 4.365 193.3524
28 233.4 42.3 - 4.396 186.141
- 29 234.2 40.5 4.425 179.061
30 235.1 38.7 4.453 172.387
31 235.9 37.1 4.481 1646.0846
32 236.8 35.5 4.510 160.137
33 237.6 34.0 4.538 194.513

34 238.4 32.7 4.565 14%9.140
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Appendix 5 (cont.)

Age, x Mean ] m 1.m
' length X X X X
(years) . (mm)

35 239.2 31.4 4.390 143.997
36 . 239.9 . 30.1 4.618 139.119
37 240.7 29.0 4.4640 134.487
38 241.4 27.9 4.663 130.040
39 242.1 26.8 4.4686 125.810
. 40 242.8 25.9 4.710 121.784
‘41 243.4 24.9 4.731 . 117.908
42 244.1 24.0 4.753 114.212
- 43 .284.7 23.2 4.775 110. 665
44 245.3 22.4 4.795 107.281
45 245.9 21.6 4.815 104,027
46 246.5 20.% 4.835 100.915
47 247.1 20.2 4,853 97,903
-48 247.6 19.5 4.872 95.019
49 248.2 18.9 4.890 92.235
SO 248.7 ig.3 4.907 89.374
S 249.2 17.7 4.923 87.00.
S2 2489.7 17.1 4,940 - 84.530
S3 '250.1 16.6 4.953 82.129
S4 250.6 16.1 4.970 79.820
as 251.0 15.6 4.985 77.598
56 251.5 15.1 5.000 735.461
S7 - .251.9 ‘14. 48 5.015 73.403
S8 252.3 14.2 S5.028 71.399
59 252.7 13.8 S.042 69.466
&0 253.1 13.4 5.085 67.603
61 253.5 - 13.0 S.068 . 635.806
62 253.9 T 12.6 3.080 64.052
&3 254.2 12.2 5.092 62.358
64 - - 254.6 11.9 5.103 60.721
&35 254.9 11.46 S.113 59.140
(-1 235.3 11.2 S.127 87.612
&7 2535.6 10.9 ‘5.137 S6.117
&8 255.9 10.6 S. 149 S4.689
&9 236.3 10.3 S.160 53.307
70 236.6 10.0 S.170 S51.954
71 256.9 9.8 5.180 $50.6435 .
72 257.2 .9 5.190 49.377
73 257.3 .3 S.200 48.148
74 257.7 2.0 S.209 46.944
73 - 258.0 a.s S5.217 43.776

Total . : ' 9900.527.
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XV. Legal Notice

This report was prepared as an account of work sponsored by the United
States Government and the Southern California Edison Company. Neither the
United States nor the United States Department of Energy nor the United States
Bureau of Land Management, or their employees, nor any of their contractors,
subcontractors or their employees, makes any warranty, express or implied, or
assumes legal 1iability or responsibflity for the accuracy, completeness or
usefulness of any infbrmation, apparatus, product or process disclosed, or

represents that its use would not infringe on privately owned rights.






