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Studv History: Marine Mammal  Study 7 ("7). titled Mortality and Reproduction of Sea 
Oners  Oiled and Treated as a Result of the =on Valdez  Oil  Spill was  initiated in 1989 as 
part of the Natural  Resource  Damage  Assessment  (NRDA). In 1991, "7 was incorporated 
into NRDA Marine  Mammal  Study 6 ("6). Assessment of the  Magnitude,  Extent and 
Duration of Oil  Spill  Impacts on Sea Otter PopurCrrions  in Alarka. Final results  of "6 are 
presented in a series of 19 reports that address the various  project  components. The work 
reported herein was conducted by Drs. C. Monnen and L.M. Rotterman as part of  a 
Cooperative  Agreement between the Prince William Sound Science Center and  the U.S. Fish 
and  Wildlife  Service.  A draft of this report was  included in the November 1991 NRDA 
Draft Preliminary  Status  Report for "6. Portions of  the  material in this report were 
reported in a December 1990 Draft Report on "7, Assessment of the  Faze of Sea Otters 
Oiled and Treated as a Result of the &on Valdez  Oil Spill, submitted by Drs. Monnen  and 
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1990. Postrelease  Monitoring of Radio-instnunented Sea Otters in Prince  William Sound in 
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TIV Enon Valdez oil spill into Prince William  Sound,  Anchorage, Alaska, 17-19 April 
1990. U.S. Fish Wildl. Serv., Biol.  Rep. 90(12).). 

& m m a r y :  Radio-instrumented sea otters (N = 45) that  were  released into eastern Prince 
William Sound during summer, 1989, following efforts to rehabilitate them at otter treatment 
centers, have  been  monitored  regularly for approximately 2 years. Respective survival rates 
of  male and female sea otters released from the  treatment centers were: Year 1: males P = 
0.401, females P = 0.445; Year 2: males P = 0.714, females P = 0.692. Only 2 of 11 
(18%) mature  females  pupped during 1990. Sea otters released from treatment centers had 
lower survivorship and pupping rates than sea otters in other study  populations. 

Kev Words: Enhydra lutris, Eluron Valdez, sea otter. 

Citation: Monnett, C., and L.M. Rotterman. 1992. Mortality and reproduction of sea 
otters oiled and treated as a  result  of  the &on Vakfez oil spill, Exxon Valdez Oil Spill 
StatelFederal Natural Resource Damage  Assessment Final Report (Marine Mammal Study 6- 
14 U.S. Fish and Wildlife Service, Anchorage, Alaska. 

i 



TABLE  OF  CONTENTS 

StudyHisto Iy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 

Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 

Keywords . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 

Citation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 

SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 

OaTECTIVEs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

METHODS . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
. .  

Definitions 1 

Instrumentation and Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

RESULTS AND DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
Survivalrates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
pupping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

ACKNOWLEDGMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

REFERENCESCI TED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
StudyGroups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

.. 

ii 



LIST OF FIGURES 

Figure 1. Locations of last  radio-telemetry  fixes of  dead  and  missing  instrumented  sea otters 
released  from  otter  treatment  centers  during  summer, 1989 . . . . . . . . . . . . .  6 

Figure 2. Summary of recent  locations of sea otters released  from  otter  treatment  centers 
during1989 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

LIST OF TABLES 

Table 1. Identification and status  information of  sea otters from EVOS treatment  centers 
in1989 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

Table  2a. Summary of the  fates of female sea otters radio instrumented  and  released  from 
the  sea  otter  treatment  centers . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

Table  2b. Summary of the  fates of male sea otters radio instrumented and released  from the 
sea otter  treatment  centers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 

. .  
. .  

Table 3. Summary of the  fates of radio-instrumented  sea  otters  in  study  groupings  used  in 
survival  analysis for comparison  with sea otters  released  from sea otter treatment 
centers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 

Table 4. Summary of statistics on survival of sea otters radio-instrumented  and  released  in 
PrinceWilliamSound . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 

Table 5 .  Summary of reproduction by females from treatment  centers  vs.  wild  captured 
females  in Prince William  Sound, 1990 . . . . . . . . . . . . . . . . . . . . . .  14 

Table 6.  Summary of reproduction by individual  instrumented  female  sea otters following 
release from sea  otter  treatment  centers . . . . . . . . . . . . . . . . . . . . . . .  15 

iii 



SUMMARY 

Radio-instrumented  sea otters (N = 45) that  were  released  into eastern Prince 
William  Sound during summer, 1989, following efforts to  rehabilitate  them at otter treatment 
centers, have been monitored regularly for approximately 2 years.  Respective  survival  rates 
of  male  and  female sea otters released from the treatment  centers  were:  Year 1: males 
P = 0.401, females P = 0.445; Year 2: males P = 0.714, females P = 0.692. Only 2 of 
11 (18%) mature  females  pupped during 1990. Sea otters released from treatment centers 
had  lower  survivorship  and  pupping rates than sea otters in other study  populations. 

INTRODUCTION 

In response to the  massive oil spill caused by the  wreck  of the TN Euron Vuldez, 
several  hundred sea otters (Enhydra luiris) were  captured  and brought into centers that  were 
established in order to wash  them, and to provide  them  with  medical  and other supportive 
treatment (e.g., see Williams et al. 1990). Many  of  the sea otters that survived  such 
treatment  were  eventually  released into wild.populations in Prince William Sound and  along 

.the Kenai  Peninsula: Of these survivors; fortj-five were  equipped  with  radio-transmitters, 
released  in Prince William Sound and  monitored during subsequent  months.  The goal of  the 
study reported herein was to provide data on the  survival  and reproduction of  the 
radio-instrumented  sea otters, and by doing so, to gain insights into both the  damage  done  to 
the Prince William Sound sea otter population  by- that spill and into the  efficacy  of  the 
"rehabilitation" strategy. 

OBJECTIVES 

The  specific  objectives  of this study  were  originally  defined in the corresponding 
statement  of  work as follows: 

1. To test the hypothesis that survival of  sea otters that underwent oiling, cleaning, 
treatment and release is not different from that  of  sea otters that were  not  affected by 
the oil spill. 

- 
2. To test  the  hypothesis  that the reproductive rate of  female sea otters that underwent 

oiling, cleaning and treatment  does  not differ significantly from that of female sea 
otters that were  not  affected by the oil spill. 

METHODS 

Definitions 

Status  classifications are made based on consideration  of dam through July 31, 1991. 
Individuals  classified as "dead" are known to be dead because their carcass or other remains 

1 



were  observed and, in  some cases, recovered.  "Missing"  individuals are those  whose radio 
signal  cannot  be  detected by boat or aircraft radio searches  within Prince William  Sound or 
adjacent  areas  along  the  Kenai  Peninsula and Copper  River Delta. The  classification  of 
"alive"  is  based  upon  visual  observations of the  individual. 

were  accompanied  by a pup. 

Study  Groups 

Females were classified as having  pupped  based upon visual  observations that they 

Data  from  the  treatment center otters were  compared  with concurrent data from otters 
that  were  captured in Prince William  Sound. 

Forty-five  adult sea otters (28 females (TC FEMALES) and 17 males (TC MALES)) 
were  selected as candidates for radio-instrumentation from individuals  being  held  at  the  three 
treatment centers (see  Haebler et al. 1990). Of these, 9 were  captured in Prince William 
Sound, 34 along  the  Kenai  Peninsula and 2 in the Kodiak  Archipelago  (Table 1). 
Captureladmission dates for this group were  distributed: April = 17 otters; May = 21 
otters; June = 5 otters; July = 2 otters. 

40 females  that  were  instrumented during,l987, 22 fknales that  were  instrumented during 
1989, and 22 females that were  instrumented during 1990. The western prince William 
Sound  female grouping (WPWS FEMALES) consisted  of 8 females  instrumented during 
1989 and 39 females  instrumented during 1990. The EPWS FEMALES and  WPWS 
FEMALES groupings were  combined into the AIL FEMALES  grouping. . The eastern 
Prince William  Sound  male  grouping W W S  MALES) consisted of 12 males that were 
instrumented during 1987. The western Priuce William Sound male grouping (WPWS 
MALES) consisted  of 2 males  instrumented during 1989 and one male  instrumented during 
1990. 

of the otters from the  treatment  centers: year one  (August 1989 - July 1990) and year two 
(August 1990 - July 1991). Survival  analysis  was  completed on both  temporal groupings. 
Data on reproduction  is given for 1990 and 1991. However, analysis of pupping  rates  was 
completed on only the 1990 data set because too few  females  survived  through the 1991 
pupping season to warrant analysis. 

not included in the  analysis  of  pupping rates because monitoring  was infrequent and 
unreliable during the summer  of 1990 (see Appedix I). 

Instrumentation and Monitoring 

The eastern pr ince .  William Sound female grouping (EPWS FEMALES) consisted  of 

Data on survival  were  'separated  temporally into two groupings relative to the  release 

Three females that were  resident near the western  end  of  the  Kenai  Peninsula  were 

Sea otters in this study were  anesthetized and radio-transmitters were surgically 
implanted in their peritoneal  cavities  (Garshelis and Siniff 1983; DeGange and Williams 
1990). After a recovery period, individuals from the treatment centers were  released in 
eastern Prince William Sound during July and August, 1989. Sea otters in the  EPWS 
FEMALE and WPWS FEMALE study  groupings  were  released at the location of capture 
immediately after recovering from their anesthesia. An attempt was made to locate each 
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individual at least  once  each  week,  using aircraft or boats  equipped  with  Yagi antennas. 
Additional  methodological  details are provided in Monnett et al. (1990). 

Analyses 

Probabilities of survival and 95% confdence intervals  (CI’s) are calculated  using 
Pollock et al.’s (1989) staggered  entry  modification to the  Kaplan and Meier (1958) product 
limit  procedure.  Differences in the probability of survival  between  study  groups are tested 
using  the  procedure  described  by Cox and  Oakes (1984; see also Pollock et al. 1989 and 

differences in pupping  rates  between  study  groupings. 
. White and Garrott 1990). Contingency  Chi-squared  analyses  were  used to test for 

RESULTS AND DISCUSSION 

Results  of this study  through  spring 1990 have been previously  reported (see 
Appendix II). 

Survival rates . .  

Of the 45 sea otters from the treatment  centers  that  were  instrumented  and  released, 
as of  July 31, 1991, 14 were known dead, 15 were  missing and presumed  to  have died, and 
one  radio-transmitter  had  malfunctioned  prematurely  (Table 1). Fifteen  individuals  were 
alive and being  monitored.  Locations of the  last  radio-locations of dead and missing  sea 
otters from  the  treatment  centers are shown in Figure 1. Last  locations of live sea otters 
from  the  treatment  centers are shown in Figure 2. Data on the  fates of sea otters by 
groupings used in the following  analyses are mnmarkd in Table 2 and Table 3. 

No differences  were  found  between  the  survival  rates of male and female  sea otters 
from  the  treatment  centers for either year of  the  study;  Year 1 probability  survival:  males 
P = 0.401, females P = 0.445. 2 = 0.02, 1 OF, N.S.; Year 2 probability  survival:  males 
P = 0.714, females P = 0.692, xz = 0.003, 1 OF, N.S. (Table 4). 

Male  treatment  center otters were  not  included in further survival  analysis due to lack 
of sufficient  sample sizes and lack  of  biologically  appropriate  groups for comparison. 

For year-one,  female  sea otters from  the  treatment  centers  exhibited  lower  survival 
rates than female sea otters from groupings EPWS FEMALES  (missing inaviduals were 
assumed to be dead: 2 = 13.82,  1 DF, P < 0.001; missing  individuals  were  excluded: 
x’ = 8.36, 1 OF, P < 0.01) and ALL FEMALES  (missing  individuals  were assumed to be 
dead: x’ = 12.97,  1 OF, P < 0.001; missing  individuals  were  excluded: x’ = 6.88, 
1 DF, P < 0.02; Table 4). Insufficient  females  were  available in the WPWS FEMALES 
grouping to warrant  separate  analysis for year-one. 

For year-two,  probability of survival was  not  significantly different between  female 
sea  otters from the treatment  centers and female sea otters in the EPWS FEMALES  and ALL 
FEMALES groupings.  However,  the  females in the WPWS FEMALES did exhibit  a  higher 
survival  rate than females released from the treatment  center during year-two  when  missing 
individuals  were  assumed to have  died  (missing  individuals  were  assumed to be dead: 
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x' = 5.93, 1 DF, P < 0.02; missing  individuals  were  excluded: 2 = 1.03, 1 OF, 
P > 0.30) (Table 4). 

We  suggest that the  lack  of  difference  in  survival  rates between the  TC  FEMALES 
grouping  and  the  EPWS  FEMALES  grouping  (probability  of  survival, missing individuals 
assumed to be dead:  TC  FEMALES P = 0.692 cf., EPWS FEMALES P = 0.648) should 
not be construed to indicate  that  treatment  center  females are exhibiting  a "normal" rate of 
survival.  Either  value is abnormally  low for prime-aged sea otter females  (cf.  probability 
survival yea~two, WPWS  FEMALES P = 0.934, m i s s i n g  individuals assumed to be dead; 
and year-one  values  Table 4). The  question  of  the unusually low  survival  rates for females 
. in eastern PMce William Sound will be treated in a  future technical report on the survival of 

non-treatment  center  sea otters. 

given in tabular  form in Appendix III. 
Summaries of  survival  data,  rates  and  confidence  intervals for various  groupings are 

pupping 

None of the 28 females released from  the  treatment  centers  pupped  following  release 
during  the  summer or fall, 1989. Fourteen of the 28 females  survived  .through  the  summer 
of 1990; 11 were monitored  adequately for data to be included in analysis  (Kenai otters 
excluded as explained  above). Based upon  body size, all 11 were  mature  individuals  and 
should  have been capable  of  pupping  during 1990. However,  only 2 of  the  females  pupped. 
The  proportion  of  females  released from the  treatment  centers  that  pupped  was  lower than 
the  proportions of  females  pupping  during 1990 in both  the  EPWS FEMALES grouping 
(x2  = 3.29, 1 DF, P < 0.08) and the  WPWS FEMALES grouping (x2 = 6.19, 1 DF, 
P C 0.02; Table 5) .  Reproduction by  instrumented  females  released from the  treatment 
centers is summarized in Table 6. 
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Figure 1. Locations of last radio-telemetry fxes of dead and missing instrumented sea 
otters released from otter treatment centers during summer, 1989. 
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H CURRENT LOCATIONS OF LIVING,  INSTRUMENTED SEA OTTERS, July 199 1. 

Figure 2. S~mmary of recent locations of sea otters released from otter treatment centers 
during 1989. 
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Table 1. Identification and status information of  sea otters from EVOS treatment 
centers. 

Treatment  Capture  Treatment center Date  Days 
center ID Sex  location  released Status observed 

s-002 

s-124 

S-069 

S-162 

V-123 

S-015 

S-157 

S-068 

V-048 

V-139 

v-104 

s-045 

S-060 

S-152 

S-161 

S-038 

V-130 

s-003 

V-138 

S-080 

s-054 

v-029 

S-006 

s-122 

V-145 

S-114 

F 
F 
F 
F 
M 
F 
F 
F 
M 
M 
M 
F 
F 
M 
F 
M 
M 
F 
M 
F 
F 
M 
F 

M 
F 
F 

Tonsina B. 

Rocky B./KP 

Rocky B./KP 

Tonsina B. 
Natoa Is. 

Bootleg  B. 

Rocky B.IKP 
Rocky B . m  

Hemming Is. 

Crab B. 

Iktua B. 

Picnic Hbr. 

Windy B. 

Rocky B./KP 

Tonsina B. 

Windy B.KP 

Natoa Is. 

Tonsina  B. 

Crab B. 

Rocky B.IKP 

Windy B.KP 

Green Is. 

Tonsina B. 

KupreanofM 

Tonsina B. 

Uyak B.KI 

Hom-VORC 

SORC 

SORC-JPRF 

SORC 

Sew-VORC 

SORC-VORC 

SORC 

SORC-VORC 

VORC 

VORC 

VORC . 

SORC-VORC 

SORC-JPRF 

SORC-JPRF 

SORC 

SORC-JPRF 

Sew-VORC 

Horn-SORC-JPRF 

VORC 

SORC-JPRF 

SORC-JPRF 

VORC 

Horn-SORC-JPRF 

SORC-JPRF 

Horn-VORC 

Kod-SORC-JPRF 

8 

1/21/89 alive 

8/16/89 missing 
8/22/89 alive 

8/16/89 missing 
7/28/89 dead 

7/21/89 missing 
8/16/89 missing 
1/21/89 tx fail. 

1/28/89 dead 

7/28/89 alive 

1/28/89 dead 

1/21/89 alive 

8/22/89 dead 

8/22/89 missing 
8/16/89 alive 

8/22/89 dead 

7/28/89 missing 
8/22/89 dead 

7/28/89 missing 
8/22/89 dead 

8/22/89 dead 

7/28/89 alive 

8/22/89 missing 

8/22/89 missing 

~ 

1/21/89 missing 

8/22/89 missing 

611 

283 

704 

31 

246 

82 

49 

36 

288 

728 

263 

611 

194 

21 

I10 

157 

309 

184 

190 

172 

151 

725 

342 

0 

443 

135 



Treatment Capture Treatment center Date  Days 
center ID Sex  location  released Status observed 

S-044 

s-057 

s-043 

V-152 

s-007 

S-053 

S-155 

S-017 

S-146 

s-059 

V-062 

S-035 

V-137 

S-128 

V-150 

V-146 

V-068 

V-140 

M 
F 
F 
M 
F 
F 
F 
F 
F 
F 
M 
F 
M 
F 
F 
M 
F 
M 

Taylor B. 

Natoa Is. 
Taylor B. 

Berger B. 
Tonsina B. 

Windy B.KP 

Rocky B.KP 

Bootleg  B. 

Windy B.KP 

Windy B.KP 

Hogan B. 
Windy  B.IKP 

Crab B. 

Rocky B./KP 
Tonsina  B. 

Nuka B. 

Herring B. 

Crab B. 

SORC-JPRF 

SORC-JPRF 

SORC-JPRF 

Horn-VORC 

Horn-SORC-JPRF 

SORC-JPRF 

SORC 

SORC-VORC 

SORC 

SORC 

VORC 

SORC-VORC 

VORC 

SORC 

SORC-VORC 

Horn-VORC 

VORC 

VORC 

8/22/89 

8/22/89 

8/22/89 

7/28/89 

8/22/89 

8/22/89 

8/16/89 

7/27/89 

8/16/89 

7/27/89 

7/28/89 

7/27/89 

7/28/89 

8/16/89 

8/16/89 

7/28/89 

7/27/89 

7/28/89 

dead 

missing 

dead 

dead 

missing 

m i s s i n g  

missing 

alive 

alive 

alive 

alive 

dead 

dead 

dead 
alive 

alive 

alive 

alive 
V-148 M Bainbridge P. VORC 8/16/89 missing 

184 

116 

238 

388 

555 

165 

70  1 

74 1 

709 

739 

737 

654 

187 

10 

722 

735 

730 

742 

467 

.. . 
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Table 2a. Summary of the  fates of female  sea  otters  radio  instrumented  and  released 
from the  sea otter treatment centers. 

Month # at Risk # Dead # Missing  Tx  Expired # Added 

Jul 89 

Aug 89 

Sep 89 

Oct 89 

Nov 89 

Dec 89 

Jan 90 
Feb 90 

Mar 90 

Apr 90 

May 90 

Jun 90 
Jul 90 

Aug 90 

Sep 90 
oct  90 
Nov 90 

Dec 90 
Jan 91 

Feb 91 

Mar 91 

Apr 91 

May 91 

Jun 91 

Jul91 

0 

9 

27 

25 

23 

23 

22 

20 

17 

16 

15 

14 

14 

13 

13 

13 

13 

12 

12 

12 

11 

11 

11 

10 

10 

0 

1 

0 

0 

0 

0 

1 

2 

i 
1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

2 

0 

1 

1 

1 

0 

0 

1 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

" 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

19 

0 

0 

0 

0 

0 

0 

: ~0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

. .  . 
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Table 2b. Summary of the fates of male sea otters radio instrumented and released from 
the  sea otter treatment centers. 

Month # at Risk # Dead # Missing Tx Expired # Added 

Jul 89 0 0 0 0 12 
Aug  89 12 0 1 0 5 

Sep  89 16 0 1 0 0 

Oct 89 15 0 0 0 0 
Nov 89 15 0 0 0 0 

Dec 89 15 0 0 0 0 

Jan 90 15  2 0 0 0 

Feb 90 13 1 1 0 0 

Mar90.  . . 11 '1 0 0 0 '  

Apr 90 10 1 0 0 0 

May 90 9 1 0 0 0 

Jun 90 8 0 1 0 -  0 

Jul 90 7 0 0 0 0 

Aug 90 7 1 0 0 0 

Sep 90 6 0 0 0 0 

Oct 90 6 0 0 0 0 
Nov 90 6 0 0 0 0 

Dec 90 6 0 1 0 0 
Jan  91 5 0 0 0 0 

Feb  91 5 0 0 0 -  0 
Mar 91 5 0 0 0 0 
Apr 91 5 0 0 0 0 
May 91 5 0 0 0 0 
Jun 91 5 0 0 0 0 

Jul91 5 0 0 0 0 

11 



Table 3. Summary  of the fates  of  radio-instrumented  sea otters in  study  groupings  used in survival  analysis for comparison 
with  sea otters released from sea otter treatment centers. 

1987 Study 
EPWS  Females 

1987 Study 1989-90  1989-90  1989-90 
EPWS Males EPWS Females WPWS Females WPWS  Males 

Month R ' D M E A  R D M E A  R D M E  A R D M E  A R D M E A  
Jul89 39 1 0 0 0 12 0 0 0 0 

Aug89 38 1 1 0 0 12 3 0 0 0 
Sep89 36 0 0 0 0 9 0 1 0 0 
e t 8 9 3 6  0 0 0 0 8 0 0 0 0 22 
Nov8936  1 0   1 0  8 0 0 0 0 22 0 0 0 0 8 2 
D e c 8 9 3 4 O l l O 8 O l O O 2 2 O 2 O O 8 O O O O 2 O O O O  
J a n 9 0 3 2 0 1 0 0 7 1 0 0 0 2 0 0 0 0 0   8 0 0 0 0 2 0 0 0 0  
F e b 9 0 3 1 0 0 2 0 6 1 1 0 0 2 0 0 0 0 . . ~ 0  8 0 0 0 0 2 0 0 0 0  
M a r 9 0 2 9 O O l O 4 1 O O O 2 0 1 O 0 : 1 4  8 0 0 0 0 2 0 0 0 0  
A p r 9 0 2 8 O O O O   3 0 0 0 0 3 3 0 0 0  4 8 0 0 0 3 9 2 0 0 0 1  

M a y 9 0 2 8 0 0 1 0  3 0 0 0 0 3 7 1 0 0 0 4 7 0 0 0 0 3 0 0 0 0  
J u n 9 0 2 7 0 0 4 0   3 0 0 1 0 3 6 0 0 0   0 4 7 0 0 0   0 3 0 0 0 0  
J u 1 9 0 2 3 0 0 2 0   2 0 0 0 0 3 6 0 0 0   0 4 7 0 0 0   0 3 0 0 0 0  

A u g 9 0 2 1 0 0 3 0 2 0 0 0 0 3 6 0 0 0 0 4 7 0 0 0 0 3 0 0 0 0  
S e p 9 0 1 8 0 0 5 0   2 0 0 0 0 3 6 0 1 0   2 4 7 1 0 0   0 3 0 0 0 0  
O c t 9 0 1 3 O O O O   2 0 0 2 0 3 7 1 1 0   2 4 6 0 0 0   0 3 0 0 0 0  

Nov90 13 0 0 5 0 0 3 7 0 1 0   0 4 6 0 0 0   0 3 0 0 0 0  
Dm90 8 0 0 8 0 3 6 1 1 0   0 4 6 0 0 0   0 3 0 0 0 0  
Jan91 0 3 4 0 0 0   0 4 6 0 0 0   0 3 0 1 0 0  
Feb 91 3 4 0 0 0 , 0 4 4 0 0 0   0 2 0 0 0 0  
Mar 91 3 4 1 0 0   0 4 4 0 0 0   0 2 0 0 0 0  
Apr 91 3 3 , 0 1 0   0 4 4 0 0 0   0 2 0 0 0 0  
May 91 3 2 0 0 0   0 4 4 0 0 0   0 2 0 0 0 0  
Jun 91 3 2 0 4 0   0 4 4 0 2 0   0 2 0 0 0 0  
Jul 91 2 8 0 3 0   0 4 2 0 0 0   0 2 0 0 0 0  

Aug 92 25  42 2 
1 KEY R Number  of sea otters at risk during month 

M  Number of sea otters classified  missing during month D  Number  of sea otters that  died  during  month 
E Number of sea otters having transmitters expire during month A Number  of sea otters added  to  study  during  month 



Table 4. Summary of statistics on survival of sea otters  radio-instrumented  and  released 
in Prince W i l l i i  Sound.  Study  groupings  include  individuals  released  from 
otter  treatment  centers (T.C.), individuals  from  eastern Prince William  Sound 
(EPWS) and individuals  from  western Prince William  Sound (WF’WS). 

YearS Study  grouping E Survival C.I. x2 D.F. E 
Missing Assumed Dead 
1989-90 T.C. Females 

T.C. Males 
1990-91 T.C. Females 

T.C. Males 
1989-90 
Missing Assumed Dead 

AU Females 
T.C. Females 
EPWS Females 
T.C. Females 

Missing E l i t e d  
All Females 
T.C. Females 
EPWS Females 
T.C. Females 

1990-91 
Missing Assumed Dead 

AU Females 
T.C. Females 
EPWS Females 
T.C. Females 
WPWS Females 
T.C. Females 

Missing Eliminated 
All Females 
T.C. Females 
EPWS Females 
T.C. Females 
WPWS Females 

0.445 
0.401 
0.692 
0.714 

0.85 
0.445 
0.834 
.0.445 

0.932 
0.674 
0.923 
0.674 

0.798 
0.692 
0.648 
0.692 
0.934 
0.692 

0.956 
0.909 
0.930 
0.909 
0.979 

(0.223-0.667) 
(0.133-0.670) 
(0.421-0.964) 
(0.314-1.115) 

(0.757-0.943) 

(0.733-0.934) 
(0.223-0.667) 

(0.223-0.667) 

(0.862-1.001) 
(0.412-0.935) 
(0.847-0.999) 
(0.412-0.935) 

(0.716-0.880) 
(0.421-0.964) 
(0.506-0.790) 
(0.421-0.964) 
(0.862-1.006) 
(0.421-0.964) 

(0.915-0.998) 
(0.713-1.105) 
(0.848-1.011) 
(0.713-1.105) 
(0.936-1.021) 

0.02 

0.003 

13.82 

12.97 

8.36 

6.88 

0.79 

0.19 

5.93 
~ 

0.3 

0.19 

1.03 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

N.S. 

N.S. 

0.001 

0.001 

0.01 

0.02 

N.S. 

N.S. 

0.02 

N.S. 

N.S. 

N.S. 
T.C. Females 



Table 5. Summary of reproduction by females from treatment centers vs. wild captured 
females in Prince William Sound, 1990. 

Females 
Pupping 

Treatment  Center 
Females 

Females E 1989-90 East  PWS 

Females 
Pupping 

Females 
Not  Pupping 

Females 
Not  Pupping 

Treatment  Center 
Females 

1989-90 West  PWS 
Females 

Females  Females 
Pupping  Not  Pupping 

Treatment  Center 
Females 

1989-90 All PWS 
Females 

2 = 3.29 
1 D.F. 

E < 0.08 

x* = 6.19 
1 D.F. 

E c 0.02 

xz-= 5.52 
1 D.F. 

E < 0.02 
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Table 6. Summary of reproduction by individual  instrumented  female sea otters  following  release  from sea otter treatment 
centers. 

Otter Jul90 Date last Est. date Fate of Jul  91  Date last Est. date Fate of 
Tx ID 
4098 S-002 

status Seen pupped PUP status seen pupped PUP 

4135  S-124 
4148 S-069 
4176 S-162 
4225 S-015 
4238 S-157 
4257 S-068 
4340 s-045 
4355 s-060 
4398 S-161 
4447 s-003 
4478 S-080 
4498 S-054 
4547 s-006 
4593 V-145 
4608. S-114 
4649 S-057 
4696 S-043 
4728 S-007 
4755 S-053 
4789 S-155 
4796 S-017 
4815 S-146 
4825 S-059 
4857 S-035 
4928 S-128 
4935 V-150 
4966 V-068 

alive 
missing 

alive 
missing 
missing 
missing 

TX failure 
alive 
dead 
alive 
dead 
dead 
dead 
alive 
alive 

missing 
missing 

dead 
alive 

missing 
alive 
alive 
alive 
alive 
alive 
dead 
alive 

26  May 90 

22 Sep 89 
17 Oct 89 
04 Oct 89 
01 Sep 89 

04Mar90 

22 Feb 90 
10 Feb 90 
20 Jan 90 

04 Jan90 
16 Dec 89 
17  Apr 90 

03 Feb 90 

26  Aug  89 

didn’t  pup 
didn’t  pup 
19  Oct 90 
didn’t pup 
didn’t  pup 
didn’t pup 
didn‘t  pup 
06 Apr 90 
didn‘t  pup 
didn’t  pup 
didn’t  pup 
didn’t pup 
didn’t  pup 
didn’t  pup 
didn’t  pup 
didn’t  pup 
didn’t  pup 
didn’t  pup 
didn’t  pup 
didn’t  pup 
didn’t  pup 
31 Dec 89 
didn’t  pup 
didn’t  pup 
didn’t pup 
didn’t pup 
didn’t pup 

alive 

weaned  alive 

unknown  alive 

alive 

missing 
missing 

missing 

missing 
weaned alive/pup 

alive/pup 
alive 
dead 

alive 

05 Apr 91 didn’t pup 

27  Jul 91 didn’t  pup 

05 Apr 91 didn’t pup 

27  Jul 91 didn’t  pup 

30 Jul 90 ’ didn’t  pup 
13 Oct 90 didn’t  pup 

28 Feb 91 didn’t  pup 

18 Jul91 didn’t  pup 
07 Aug 91 07 Feb 91 wlmother 
26 Jul91 16 May 91  wlmother 

05 Aug 91 didn’t  pup 
12 May 91 didn’t  pup 

08 Aug 91 didn’t  pup 
alive didn’t pup  alive  27  Jul 91 didn’t  pup 



Appendix I. Correspondence  regarding  three  female sea otters, resident  among  Kenai 
Penninsula.  Females  were  eliminated  from  consideration for reproductive 
study given erratic  monitoring  and  unreconcilable  errors in data. 

16 



1'3 June  1990 

Chief, Mammals  Section 
Larry  Pank 

Alaska  Fish  and  Wildlife  Research  Center 
U. S. Fish  and  Wildlife  Service 

. Anchorage, AK 99503 
1011 E. Tudor Rd. 

Dear  Larry, 

your  staff on treatment  center  sea  otters  located  along  the  Kenai 
I have  been  reviewing  telemetry  data  collected  last  summer by 

Rocky  Bay.  However,  latitude-longitude  coordinates  indicate  that 
Peninsula. I note  that five of  the 8 radio-fixes  were  taken  nenr 

Montague  Island.  This is clearly  nonsense  for  two  reasons. 
your  staff  observed  these  otters  near  Rocky  Bay  on  the NE end of 

First,  all.~of  our  observations  on  these  individuals  indicate  that 
they  were  located near  Rocky  Bay  on  the Kenai.Peninsula. 
Moreover, on 1 0 / 2  your  data  indicates  that  your  aircraft  was at 
Tonsina  Bay  only 20 minutes  before  the  sightings at Rocky  Bay. 
This  would  not  have  been  possible if the  observations had 

whoever recorded the data did not know  which Rocky  Bay  was being 
actually been  taken near Montague-Island. It seems'obvious that 

surveyed. It would be difficult  to  confuse  these  bays if the 
recorder had been  on  site  when  the  data  were  taken.  This in 
turn, leads  me  to  speculate  that  some  individual  generated  this 
radio-fix  data by go.ing to a chart in your  office  and  guessing at 

the 1 0 / 2  fixes, thus  the  observer  should  have  had  confidence  in 
the  location. The  location  type is classified  as "VG" for one of 

the  location  to within a few hundred  meters. 

I include a copy of the  data  set  for  your  perusal.  Would you 
please  ask  your  staff  to  clarify  this  situation. 

Thank  you  for  your  attention  to  this  matter. 

Sincerely, d 
Charles  Monnett, Ph.D. 
Princple  Investigator 
Prince  William  Sound  Science  Center 
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Appendix II. Proceediigs of presentation by Lisa Rotterman at Sea Otter Symposium 
sponsored by U.S. Fish and Wildlife  Service in Anchorage, April 1990. 
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rehabilitation  centers  were  implanted with radio traMmit-, released  into 

release oftheae imphted otter4 (n = 21). they were mora mobile than wildtaught and 
northeartun PWS and monitored for 8 month.. During the sirst 20 day. .Ru the fvrt 

released sea otter4 studied in PWS, bum 1984 thmugb 1990. AU were alive and vigornus 
attheendofthe20dayperiod~dringofrll45impLanted.aaotturdvringtheSmonth 
periodshowedthattheottersremainedhighlymobile.Many(46.6%)~intowestern 
PWS. However.  by the end of the 8 months, 12 of the iusiaumented ottua WUT dead and 
9 were missing. One radio failed These mortality and miuing rates are much  higher 
than those normally observed for adult sea o h  in PWS. The death rate was bigheat 
in wiuk. The.se data suggest that, despite the bwnendous amount of money and energy 
directed  toward the treatment and cnre of these animals, the sea otter4 reld b m  

remmmend that future policies focus on preventing otten h m  hming oiled, rather 
the centera were not completely rehabilitated, that is. not rebed to a normal atate. W e  

than attempting to treat them after oiling b ocnursd. Thh focus is especially 
recommended because of stress and disease risk. associated with bringing wild animals  
into captivity. 

The vulnerability of the  sea  otter (Enhydra 
lutris) to oil contamination was well established 

gmunding of the T/V Erron Valdez. Thus, in re- 
(Geraci  1988) before the oil spill resulting from the 

sponse to the spill, a large  number of otters.were 
captured in or  adjacent to oiled areas and brought 
into centers that were hastily  established  fortheir 
temporary treatment  .and care. 

Our major short-term goal was to provide infop 
mation  necessary t o  make  decisions  about 
whether sea otters should  be  released back into 

-the wild, and if sa, where  such releases should 
occur. Thus,  the  short-term  concerns  were 
whether sea otters held  for long periods in captiv- 

basic activities necessary to survive in the wild, 
ity and released into  clean areas would resume 

and whether they would immediately return to 
the  areas where they were captured,  and thus 
potentially come into  contact with oil. 

sights into the efficacy of the rehabilitation  strat- 
Our primary long-term goal was to gain in- 

egy  by providing data on survival, reproduction, 
and behavior of these  sea otters. 

We offer preliminary results on the behavior 
and survival of otters that were taken from the 

Prince William Sound (PWS), and comparable 
otter  centers  and  released into northeastern 

data from two other studies of ma otters in PWS. 

- 

Methods 
On 15 May 1989, seven sea ottere (four males 

and  three females) from the Valdez Otter Rehabil- 

transmitters. The trammittera were affued with 
itation  Center  were  equipped with small radio 

epoxy to  nylon  cattle ear tags and  attached 
through the  interdigital webbing of their hind 

flippers by a procedure similar to that of Garshelis 

ported by helicopter and released in Simpson  Bay 
and Siniff (1983). The  seven otters were t rans-  

near Cordova,  Alaska. 

were selected from otter centers during  July  and 
Forty-five sea otters (18.males and 27 females) 

August 1989 and  inhumented with surgically im- 
planted radio transmitters (Garshelis and Siniff 
1983; Monnett 1988; Monnett and Rotterman 
1988). These otters were held fer observation for at  
least 1 week after surgery They  were transported 
by helicopter in individual kennels and released in 
Sheep Bay  (females) or Nelson  Bay  (males) in east- 
e m  PWS. Twenty-one otters were  released  on 
27-28 July. Data from these individuals provided 
the basis for the release of the rest of the otters in 
mid-August- Otters were released 100-400 h 

be unfamiliar and unoiled habitat Figure 1 shows 
frum the site of capture into what  was  presumed to 

the capture sites of the otters selected for this study, 
which  we refer to as h a t e d  otters. 

Unpublished data from two other ongoing ra- 
diotelemetry  studies of untreated  sea  otters 

(44 females and  14 males) were captured  in  east- 
are given for comparison. --eight sea  otters 

ern PWS from July to October 1987.  Additionally, 
30 females were  captured in varioua parta of PWS 
in October and November 1989. Otters in both 
studiea were  placed in kennels and  transported 
1-10 km by boat to holding facilities. Because 
otters were captured at night, they were  usually 
held in a floating pen until the following  day. They 
were i n s d e n t e d  according to the  same  surgicd 
protocol and with the  same type of radio  transmit- 

rehabilitation centers. Otters were held for less 
ters an those  implanted in the otters from the 

than 24 h and were  generally  released withii 
1 km of the place at which they  were  captured. 





Early Observatwns of 
.Radio-implanted Otters 

radio-implanted sea otters during the 20-day ob- 
A b u t  400 radiolosations were  taken on 21 

m a t i o n  perioa @bed under  the US. Fbh 

cations were aarompanied by a brief visual obser- 
and Wildlife Service's release plan. Most radiolo- 

vation,~aenttoeatablishtheatatuaandbehsv- 
ior of the sea o b .  No days were lost because of 
bad weather. Sighting locations for each of the 21 
otters studied duringthe fugt 20 days afkr  release 
are presented in the Appendix. 

All 21 otters were alive at the  end of the 20-day 

riods of inactivi@. However, during the first week 
observation  period.  None exhibited prolonged pe- 

or longer, many otters were swimming rapidly 
when  observed, alternating  short periods of swim- 
ming on the surface with longer periods of swim- 
ming underwater. Initially upon release, some of 
the otters swam continuously away from the re- 
lease site for many hours. During the first week 
after release, travel rates of 20-40 W d a y  were 
not unusual. During the first 20 days, the median 
total distance traveled by males was 45 km (range, 
1C-2$0 h), whereas that of females was 160 km 
(range 5300 km). Six of nine females traveled 
more than 150 I&, but only 3 of 12 males did so. 

Two  of 21 otters traveled into areas offlidally 
classified as being withiu the coverage of the 
T/V Erron Valder oil spill. However,  only a single 
otter (Ill no. 4098) remained within the oil spill 
area for more than a few  days. Both otters were 
seen in the vicini@ of beaches that were beiig- 
subjected to Earon's cleaning protocols. On the 
14th  day of observation,  one of the females 
(ID no. 4098) was  seen hauled out  near Eleanor 
Island on oil-contaminated rocks that were sur- 
rounded by oil sheen. However, both otters ap- 
peared vigorous during the  entire 20 days of the 

encountering oiled habitat 
study, and both swam in excess of 100 km after 

Later Observations of 
Radio-implunted Otters 

otterrehabilitationcentera, 21 of45 instrumented 
During the fvst 8 months after release from the 

otters were known to have traveled from their 
release sites into areas of western PWS affected 
by the oil spill. Six otters returned to waters 

eled about 90 km to Controller Bay, which is 
adjacent to the Kenai Peninsula One otter trav- 

southeast of PWS. Several otters took up at least 

a temporaryresidence in  the Gulfof Alaska, along 
the southem coast of Hinchinbnmk Island or 
Montague Island. The maximum hown distance 

that swam to English Bay on the Kenai Peninsula, 
traveled from the site of release wan by a female 

a diatance of about 400 km. 
As of 19 April 1990, 23 of 45 (54.5%) radio- 

centera were h o w n  to be alive pable 1). Another 
instrumented sea otters released h m  the  otter 

otter experienced a radio malfunc- 
tion, and its radio was no longer broadcasting. 
Twenty-one otters were either dead (12) or classi- 
fied as missing (9). Not counting the  otter with  the 
malfunctioning radio transmitter or those that 

otters survived the fmt 8 months after release. 
were missing, 65.7%  of the radio-instrumented 

Mortality increased strikingly  during the  winter 
season (January-April; Table 1). The proportion 

missing was  higher after 1 January than in previ- 
of otters -known dead  versus  those dassifed  as 

ous'months (Table 1; August-December, 1 deadvs. 
6 missing; January-April, 11 dead vs. 3 missing; 

The proportion of the radio-instrumented ot- 
ters released that survived was less than  that of 
the two groups of untreated otters (Fig. 2). Fifty- 

After 8 months of monitoring, all 58 o m  were 
eight sea otters were radio-instrumented in 1987. 

alive (if individuals from otter centers classified 
as missing are excluded; x2 = 22.2,l df, P C  0.001). 
A single radio transmitter malfunctioned during 
the 1987 study. The o t t q  a female, was observed 
during the following summer, when she was iden- 

near a skiff on which her  pup  was being tagged. 
tifed by her flipper tag colors while swimming 

Moreover, proportionately more of the otters from 
the  treatment centers were classified as missing 
(Table 2; x2 = 12.9,1 df, P < 0.01). 

radio-instrumented  during October-November 
A second group of untreated  sea otters was 

x2 = 7.9,l df, P < 0.01). 

Table 1. Fates of sea otters (Enhydra lu t r i J  
implanted with mdio transmitters wad released 
from otter centers,  summarized by season 

Status 
Aug.- oct- Jan.- 
Sept. Dee April Total 

Alive 40 37 
Dead 1 

23 23 
0 11 12 

hfksii 3 3 
Transmittp 1 0 0 

3 9 
1 

failure 



1989 and monitored, as of 3 June 1990, for 
7-8 months. During this pericd, one individual 
died, and b o  were classified as missing. When 
compwd to thZ o t t a  released h m  the otter 
canters, proportionately fewer of the  untreated 
otters were  dead (individuals  classified as missing 
excluded; x2 = 9.0, 1 df, P < 0.01). However, the 
proportion of individuals classified as missing in 
the two studies waa not significantly different 

The likelihocd that an individual survived dur- 
ing the  study period did not seem to be related to 
whether it reentered waters in the vicinity of the 
spilled oil trajechy The proportion of dead or 

at some point afkr release, crossed the super- 

@ = 2.7, 1 df, P > 0.05). 

missing animals was similar between those thak 

The sea otters that we& captured, underwent 
treatment,  and  were  selected for inclusion in this 
study seemed to he healthy  and in good condition 
at  the time of release into  eastem PWS (Haebler 

-vigomuainthefirst20daysafterrelease.More 
1990). Most of these animals aeemed to remain 

important, however, drpinp. the first 8 months 

l e d  h m  the rehabiitation cenk seemed to 
* r e l u r e e t h e ~ v a l r n ~ o f t h e o t t e n r e -  

have heen relatively low. TheM findingr are par- 
ticularly sohering when one considers that by the 
time the seven individuals were seleded for the 
fvst phase of this study (15 May 1989), 40.1% of 

rehahilitation centers had  already died (Williams 
the otters that had been admitted alive to the 

et al., 1990; Appendix). Thus, all of the otters that 
were  even considered for inclusion in thL study 

prooess, and aa such, were a nubset of those that 
were the ~survivom" of the  capture  and  treatment 

entered the rehahilitation~~tem. Moorover, the 
aea otters included in this study (those that were 
selected for inatrumentation) were among the 
healthiest of these surviwla. 

~abla2~ostknorunlocrrricnofdeodormiesingserr 
otters (Enhydra lutris). Habitat east of the Table 3. Fates of sea  otters (Enhydra lutris) 
supertanker lanes was generally  not oiled by the mptured and taken to otter centers and lomtion 
T/V Exxon Valdez oil soilL  Otters enterine of capture. Both otters mvtured within the 
&bitat  west of the supe&nker lanes m u 6  K& A~hipe lago are &i&d as missing. 
probably  traverse oiled habit& Rinm Wdlinm Kenai 

Dead 10 2 Dead 3 9 
hiisaing 7 2 M i - k  1 6 



om a p b *  the Value and the necea- an those in thin study,  only  one old, morphologically 
sity of long-term monitoring with reliable radio aberrant female has ever been lmown to QOSS into 

to the lonp-term fates of these western PWS. That sea ottere are capable of mak- 
-&. ~f only the flipperradio t+ansmitter data ing a movement of thin magnitude is well d m -  

mation to reach aqr condusion about the faten of tian  Islands  [Lensink 1962; Kenyon 19691). 
were available, the w d d  be insufficient infor- mented (e.&, during the rewlonization of the Aleu- 

&- -8. If data for only the first 20 days HowWer, Lensii (1962) noted that natural fea- 
release were available (an wan h e  when tures, such an deep,  wide Mea of water, can act 

deJsions about the release of the remaining cap barriers or diermaagementa to sea otier move- 
. tive otters had to be made), v q  Merent fates mentunlessotters aresufScientlymotivated, such 

would be arurumed for. these animals than those by depleeion off& rem-. 
that we now know or susped o c c u n d  The motivations underlyiug the movements of 

the otters released from the  treatment centers are 
study of Otters With Flipper Radio not readily apparent. However, the P-SS of re- 

leasing animals caught in western PWS, or even 

The goals of the flipper  radio transmitter  study translocation of those individuals. All information 
farther went, into eastern PWS was essentially a 

were to provide short-term information n-q available from previous translocations (e.g., the 
for formulating policy about whether to release sea tranalccatiom to Oregon, or the  recent transloca- 
ottera held in the &ntera back to the wild, and if tion of otterrr to SanNicolas Inland) suggests that 

signed the study hoped that it would  pruvide auf- However, the translocation made  here differs from 
so, where they should be released "hone  who  de- seaotters~unlikelytoremainattthereleasesite. 

captured in western PWS would remain in the ways: apimals were held for  long periods in captiv- 
ticient data to indicate whether animals initially those attempted before in at leaat four imprtant 

clean northeaatern PWS where they were re- itybetweencaptu2.e andtrrulalocatioq  the  habitat 
leased, and whether they would be able to survive from which they were captured, was, at least in 
in the wild after their experiences with oil, treat- some eases, one in which their recent experiences 

trinsic limitations of ilipper radio hnamittera into which they were released contained large 
men6 and captikty However, because of the in- were  likely to have been unpleasant the  habitat 

(e.g., if an animal dies in the water, ita flippera are n u m h  of otters; and  the release location was not 
mostly underwater  and  the radio signal cannot be isolated from other suitable habitat by many miles 

mitten, in this study, little insight into these issues Island translocatiox~ &use of these differences, 
detected) and  the poor performanee of the trans- of open ocean, an wan true in the  recent San Nicolas 

was gained the behavior of the &ah after release could not 

Transmitters Not Informative 

bepredictedwithanylxttfahty. 
Insight Fmm Study of Otters  With Regarding the prognosis for future survival of 

Implanted Radios the otters reieased from the centere, the short- 
term mulb of thia study were optimistic, as com- 

It in insightful to compare the findings obtained pared with those available after 8 months. At the 

planted Otters with those available n f k  8 months. &ala in the long-term 'study, all appemed 
after the first 20 days of the radio-im- end of the first 20 days of monitoring the fmt 21 

The data on relative mobility tended to be similar healthy  and w m  obvi-ly competent to for 

the o t h a  were not. 
over the two perid, wh- the data on fate of themael- in the wild. However, mortality in- 

creased sharply (LLI winter weather  patterns &el- 
AB noted, otters released from the  centers oped. The  mortality observed over the fmt 8 

tended to be more  mobile than normal sea otters months of observation of these animala was much 
in eastern PWS, both over the first UTday period higher than that obaerved in the control p u p s .  

otters could be termed hyperadive, sarimmiag al- previous studies in which adult sea otters 
and over the first 8 months of monitoring. Some On the banin of directly comparable data from 

moetconstantly. Duringthe &month period, 46.6% PWS were m ~ g i d y  implanted with radio a- 
of the instrumented otten, from the centera en- mik, it i~ dear that survival raten of adult  sea 

of 75 normal adult femalea captrped since 1984 in high. For example, 8 months &,ex & m e n t a -  
tered weatemPWS one or mole times. Conversely, otters in normal, healthy populations tend to be 

eastern PWS and studied using transmitters such tion (the interval examined in this paper) all ofthe 





wd-de6ned leaions  were not observed at the Val- 
dezCenterorinwildseaottwinPWS.PRsum- 
ably, if an ostensibly harmleaa virua cau be kana- 
&tted BO thoroughly through a captive population. 
80 could a more harmful virm. 
Mer analyaea, including evaiuation of data 

from necropsy and hietopathology studies, may 

these animals. 
permit better definition of the cause of death in 

in mortality are not supported by the data ana- 
Several potential explauations for the increase 

lyzed to date. There ia no indication  from necropsy 
results (R Moeller, Armed Forces Institute of W. 
tholoo, Washington, D.C., and J. Blake,  Univer- 
sity of Alaska, Fairbanks, personal communica- 
tion) or from  previous or current  studies of otters 
that were captured in the wild,. ' 

immediately released that  the  radio implanta were 
ented, and 

in any  way related to the increased mortality of the 
sea 0- released from the treatment centers. As 
noted previously, the~untreated individuals are 

present, the increased m d t y  o w e d  in the 
alsocarryingthesametypeofimplantedradi~.At 

related to the location inhabited poshlease. Thus, 
otters from the cent& doer, not ~ e e m  to be directly 

preliminary analyses indicate that otters that 
crossed into western PWS, at any point after re- 
lease,  were no m&  likely to die than those that 
did not make the crossing. The indrum 
mala h m  the centera were not present  in large 

ented ani- 

numbers in weatern PWS during the periods of 
winterstorms, when oil  was  coming off  the beaches 
and reckdating, and  when large alicks were  ob- 
served.  However,  more detailed analyw are re- 

probability of death and time spent in the oil spill 
quired to determine the relation (it any) between 

area after release. 

Failure to Rehubilitute Suggests 
B~vadened Perspective 

customary activity or to a former atate. The find- 
The tern rehabilitate  means to restore to 

ings presented and diecussed 
suggest that the combination of meanurw  under- 

in the prenent paper 

taken in an  attempt to aid sea otters after the T/V 
Euon VU& oil spill did not result  in  the  true 
rehabilitation of the surviving otters. This combi- 
nation included capture (often by inexperienced 
personnel); treatment, which often involved ke- 
quent sedation; holding in a highly artiiicial situ- 
ation with extensive expomue to humans and, in 
aome inrrtanees, domesticated animale, and  release 
in unfamiliaq but rich, habitat It is not our pur- 
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poae to attempt to determine whythia combination 
of me- failed. However, the data presented 
here indicate that it failed to result in the rehabil- 
itation of captured aea otters. Thus, because there 
are M data available that indicate that rehabilita- 
tion can be acmmplkhed, we suggest that in future 

referredtoastreatmentcentareratherthanreha- 
dimcumoions the centem that we-e d l i a h e d  be 

bilitationcenteaa,andthereleasedottasbere- 
fdtoastreatedotters,notrehabiitatedottas.  
This k Mt Simply -, a b &ti- 
cal. The implication from the word rehabilitate is 
that if the otters in the rehabilitation centera were 
damaged, for whatever reason, the damage could 
be, and wan, ibd. To imply such an  abilib, if no 
such ability exists, tends to mollify the public's and 
policymaked concerns by providing a false sense 
of aecurity about our agility to mend  what we 
break. 

wing on oiled animals undergo caretul reconsid- 
We recommend that the  entire  strategy of fo- 

eration.  Alternative  strategies that are more 
likely to reault in the long-term health and viabil- 
ity of aea otter populations include the following, 
listed in order of priori* (1) prevention of oil 
spills; (2) protection of &tical habitats  and areas 

with concurrent minimization of disturbance in 
of high population density, in the event of a spill, 

such areas; (3) preemptive capture of individuals 
in the  path of a spill, with removal of the  moiled 

where natural food items are supplemented and 
animals to natural, barricaded, remote habitats 

in which human contact ia minimal. All  of these 
strategies emphasize preventing otters from be- 
coming oiled, rather than trying ta  treat animals 
after o i l i i .  All are feasible in certain situations. 

by those involved in commercial fmheries in Cor- 
For example, it is clear from the success enjoyed 

eries  and fmh atreama, that many of the critical 
dova, Alaska, in their  attempta to protect hatch- 

sea otter habitat arean in western PWS could have 
been effectively protsted with booma during  the 
TN a Valdez spill.  Additionally, these strate- 
gies keep sea otters out of highly captive situa- 
tions and away from people. 

poses eerious dangers to the specitic otters brought 
Our viewpoint ia that captivity, in and of itself, 

in, to the population erposedto  capture procedures 
during  an oil spill, and to the population into which 
the otters are released Factors contributing to 
captivity riak are (1) &during capture (par- 
ticularly by inexperienced personnel,  some of 
whom  chaaed aea otters during kecue efforts' for 
pen& in excess of 1 .h. M. DeVille,  Cordova, 
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Appendix.  Locations of radio fiies taken  over  the  first 20 days 
of observation  on  instrumented sea otters (hz)cydrar lutris) 
released  into  eastern prince William Sound. Otters  were 

captured, transported to, treated in, and held in treatment 
centers  established  in  response to the 24 March 1989 h n  

V u Z b  oil spill. Numerals on each  map  indicate  the day the 
radiolocation was obtained  after  the day of release. 
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Appendix III. Summaries of survival data, rates  and confidence  intervals  for  study 
groupings used for comparison  with sea otters radio-instnunented  and 
released from sea otter  treatment  centers. 

31 



Month # at # # # # S U N  s 
risk D H c add mo hat 

Jul 89 0 1.000 
A U ~  a9 38 1 1 o o 0.947  0.947 

oct 89  36 o o o 22 1.000  0.947 
Sep 89 36 0 0 0 0 1.000  0.947 

NQV 89  58 1 0 1 8 0.983  0.931 

Jan 90  60 0 1 0 0 0.983  0.873 
Dec  89  64 o 3 1 o 0.953  0.887 

M= 90  57 1 o 1 14  0.982  0.857 
Peb 90 59 0 0 2 0 1.000  0.873 

May 90 112 1 0 1 0 0.991 0.850 
Apr 90 69 o o o 43 1.000  0.857 

Jul 90 106 0 0 2 0 1.000  0.850 
J U ~  90 n o  o o 4 o 1.000 0.850 

Month # at # # # # SUrv S 
risk D M C add mo .hat 

Jul 90 
Aug 90 104 0 0 3 0 1.000  1.000 

0 1.000 

Sep 90 101 1 1 5 2 0.980  0.980 

Nov 90 96 0 1 5 0 0.990  0.950 
Oct 90 96 1 1 0 2 0.979  0.960 

Dec 90 90 1 1 8 o 0.978 0.929 
Jan 91 80 0 0 0 0 1.000 0.929 
Feb 91 78 0 0 0 0 1.000 0.929 
Mar 91 78 1 0 0 0 0.987 0.917 
Apr 91 77 o 1 o o 0.987 0.905 
May 91 76 0 0 0 0 1.000 0.905 
Jun 91 76 0 6 0 0 0.921 0.833 
Jul 91 70 0 3 0 0 0.957 0.798 
A U ~  91 67 o o o o 1.000 0.798 

lower  upper 
CI  CI t- 

1.000  1.000 

0.876 1.019 2.03 
0.876 1.019 2.03 
0.854 1.008 2.00 

0.876  1.019  2.03 

0.783 0.963 2.00 
0.801 0.974 2.00 

0.782 0.963 2.00 
0.764 0.951 2.00 
0.764 0.951 2.00 
0.757 0.94-3 1.98 
0.757 0.943 1.98 
0.757 0.943 1.98 

lower  upper 
CI  CI t= 

1. ooo 1. aoo 
1.000 1.000 1.98 
0.953 1.007 1.98 
0.921 0.999 2.00 
0.906 0.993 2.00 
0.877 0.980 2.00 
0.877 0.980 2.00 

0.861  0.973 2.00 
0.877  0.980 2 . 0 0  

0.845 0.965 2.00 
0.845 0.965 2.00 
0.758 0.909 2.00 
0.716 0 .880  2.00 
0.716 0 . 8 8 0  2.00 



Appendix IIIb. Summary of fates,  survival  probabilities and 
confidence  intervals for radio-instrumented  female  sea 

assumed  to be dead. 
otters: XFWS study grouping, missing  individuals are 

Month # at 
risk 

Jul 89 
Aug 89  38 

Oct 89  36 
Sep 89  36 

Nov 89  58 
Dec 89  56 
Jan 90 52 

Mar 90 49 
Feb 90 51 

Apr 90  61 
May 90 65 
Jun 90 63 
Jul 90 59 

Month # at 
risk 

JUl 90 
Aug 90 57 
Sep 90 54 
Oct 90 50 
Nov 90 50 

Jan 91 34 
Dec 90 44 

Feb 91 34 
Har 91 34 

May 91 32 
Apr 91 33 

Jun 91 32 
Jul 91 28 
Aug 91 25 

# # #  # SUTV s 
D M c add mo ' hat 

0 
1 1 0 0 0.947  0.947 

1.000 

0 0 0 0 1.000 0.947 
0 0 0 22 1.000 0.947 
1 0 1 8 0.983 0.931 
0 3 1 0 0.946 0.881 
0 1 0 0 0.981 0.864 
0 0 2 0 1.000 0.864 
1 0 1 14 0.980 0.847 
0 0 0 4 1.000 0.847 
1 0 1 0 0.985 0.834 
0 0 4 0 1.000 0.834 
0 0 2 0 1.000 0.834 

- .  

# # # # surv s-' 
D M C add mo hat 

0 1.000 
0 0 3 0 1.000  1.000 
0 1 5 2 0.981  0.981 
1 1  0 2 0.960  0.942 
0 1 5 0 0.980  0.923 
1 1 8 0 0.955  0.881 
0 0 0 0 1:OOO  0.881 
0 0 0 0 1.000  0.881 
1 0 0 0 0.971  0.855 
0 1 0 0 0.970  0.830 
0 0 0 0 1.000  0.830 
0 4 0 0 0.875  0.726 
0 3 0 0 0.893  0.648 
0 0 0 0 1.000  0.648 

lover upper 
CI  CI t= 

1.000 1.000 
0.876 1.019  2.03 

0.876 1.019 2-03 
0.876 1.019  2.03 

0.854 1.008  2.00 
0.791 0.971  2.00 

0.770 0.959  2.01 
0.770 0.959  2.01 

0.747 0.946  2.01 
0.748 0.945  2.00 

0.733 0.934  2.00 
0.733 0.934  2.00 

0.733 0.934  2.00 

lower upper 
CI CI t= 

1.000 1.000 
1.000 1.000 2.00 
0.945 1.018 2.01 
0.878 1.006 2.01 
0.851 0.996 2.01 
0.791 0.972 2.02 
0.790 0.973 2.04 
0.790 0.973 2.04 
0.753 0.958 2.04 
0.718 0.941 2.04 
0.718 0.941 2.04 
0.595 0.857 2.04 
0.507 0.789 2.05 
0.506 0.790 2.06 



Appendix IIIc. Summary of fates, survival  probabilities and 
confidence  intervals for radio-instrumented  female  sea 
otters: TREATMENT CENTgR F E M A L E S .  study  grouping,  missing 
individuals  are  assumed to be dead. 

Month # at 
risk 

Aug 89 9 
JUl 89 . 

Sep 89 27 

Nov 89  23 
Dec 89  23 
Jan 90 22 
Feb 90 20 
Mar 90 17 
Apr 90 16 
May 90  15 
Jun 90 14 
Jul 90 14 

-0Ct 89 25 

Month # at 
risk 

JUl 90 
Aug 90 13 

O c t  90 13 
Sep 90 13 

NOV 90 13 
Dec 90 12 
Jan 91 12 
Feb 91 12 
Mar 91 11 

May 91 11 
Apr 91 11 

Jun. 91 10 
Jul 91 10 

.. . . g 1.000 

0 1 1 0 0.963 0.856 
0 2 0 0 0.920 0.787 
0 0 0 0 1.000 0.787 
0 1 0 0 0.957 0.753 

2 1 0 0 0.850  0.582 

1 0 0 0 0.938 0.514 
0 1 0 0 0.933 0.479 
0 0 0 0 1.000 0.479 
0 1 0 0 .  0.929 0.445 

1.0 o 19  0.889  0.889 

1 1 o o 0.909  0.685 
1 o o o 0.941  0.548 

# # #  
D M C  .. ~ 

0 0 0  

0 0 0  
0 0 0  

0 0 0  
0 1 0  

0 0 0  
0 1 0  
0 0 0  
0 0 0  
1 0 0  
0 0 0  
0 1 0  

add mo hat 
# s u m  S '  

0 . ' 1.000 
0 1.000 1.000 
0 1.000 1.000 
0 1.000 1.000 
0 0.923 0.923 
0 1.000 0.923 
0 1.000 0.923 
0 0.917 0.846 
0 1.000 0.846 

0 0.909 0.769 
0 1.000 0.846 

0 1.000 0.769 
0 0.900 0.692 

lower  upper 
CI  CI t= 

1.000 1.000 
0.652 1.126 
0.639 1.073 
0.569 1.006 

0.533 0.974 
0.464 0.905 
0.365 0.799 

0.265 0.694 
0.296 0.731 

0.252 0.707 
0.223- 0.667 

0.568  1.007 

0.328 0.767 

2.26 
2.05 
2.06 
2.07 
2.07 
2.07 

2.12 
2.09 

2.12 
2.13 
2.26 
2.26 

lower  upper 
CI  CI t= 

1.000 -1:ooo 
1.000 1.000 2.26 
1.000 1.000 2.26 
1.000 1.000 2.26 

0.768 1.078 2.26 
0.768 1.078 2.26 

0.637 1.055 2.26 
0.768 1.078 2.26 

0.637 1.055 2.26 
0.637 1.055 2.26 
0.517 1.021 2.26 
0.517 1.021 2.26 
0.421 0.964 2:26 



Appendix IIId. Summary of fates,  survival  probabilities and 

otters: TFtEAT" CENTER MALES study  grouping,  missing 
confidence  intervals for radio-instrumented  female  sea 

individuals are assumed to be  dead. 

Month # at # # # # s u m  hat risk D M C add mo 
S 

J u l  89 
Aug 89  12 

Oct 89  15 
Sap 89 16' 

.Rev 89  15 
nec 89 15 
Jan 90 15 

Mar 90 11 

May 90 9 
Apr 90   10  

Peb. 90  13 

JUn 90 8 
JUl 90 7 

Month # at 
r i s k  

12 . 1 . 0 0 0  
0 1 0 5 0.917  0 .917 
0 1 0 0 0 .938   0 .859  
0 0 0 0 1 .000   0 .859  
0 0 0 0 1.000  0 .859 

2 0 0 0 0.867 0 .745  
1 1 0 0 0.846 0 .630  
1 0 0 0 0.909 0 .573  
1 0 0 0 0 .900  0.516 

0 1 0 0 0 .875  0 . 4 0 1  
1 0 0 0 0.889 0 .458  

0 0 0 0 1 .000  0 . 4 0 1  

o o o o 1.000 0.859 

. .  

# # #  # S U N  s ' 

D M c add mo ha t  

Jul 90 - 0 1 .000  
Aug 90 7 1 0 0 0 0.857  0 .857  
Sep 90 6 0 0 0 0 1 .000   0 .857  
Oct 90 6 0 0 0 0 1.000  0 .857 
Nov 90 6 0 0 0 0 1.000  0 .857 
Dee 90 6 0 1 0 0 0.833  0 .714 
Jan 9 1  5 0 0 0 0 1 .000   0 .714  

Mar 9 1  5 0 0 0 0 1.000 0.714 
Feb 9 1  5 0 0 0 0 1 .000  0 .714  

Apr 9 1  5 0 0 0 0 1.000 0 .714  
May 9 1  5 0 0 0 0 1.000 0.714 
Jun 9 1  5 0 0 0 0 1 .000  0.714 

Aug 9 1  5 0 0 0 0 1 .000  0.714 
Jul 9 1  5 0 0 0 0 1 .000  0 .714  

lower upper 
CI CI t= 

.. . 

1 .000  1 .000  

0 . 6 7 6  1 .042  2 . 1 2  
0 . 6 7 5   1 . 0 4 3   2 . 1 3  

0 .675  1 .043  2 .13  
0 .518  0 . 9 7 1  2 .13  
0 .374  0 .886  2 .26  
0 .310  0 .836  2 .26  
0 .249  0 .783  2 . 2 6  
0 . 1 9 1  0 .725  2 .26  
0 .139  0 .663  2 . 3 1  
0 . 1 3 3  0 .670  2 .37  

0 . 7 5 1   1 . 0 8 3   2 . 2 6  

0 .675   . 1 .043   2 .13  

lower upper 

1 . 0 0 0   1 . 0 0 0  
1 . 0 0 0   1 . 0 0 0  

0 . 5 3 4   1 . 1 8 1   2 . 4 5  
0 . 5 3 4   1 . 1 8 1   2 . 4 5  

0 .333  1 . 0 9 6  2 .45  
0 .314  1 .115  2 .57  
0 .314  1 . 1 1 5  2 .57  
0 .314  1 .115  2 .57  
0 . 3 1 4  1 .115  2 .57  

0 . 3 1 4  1 .115  2 .57  
0 .314  1 .115  2 . 5 7  

0 . 3 1 4  1 .115  2 .57  
0 .314  1 .115  2 .57  

CI CI t= 

0 .544  1 . i i - o  2 . 3 7  

0 . 5 3 4   1 . 1 8 1   2 . 4 5  



Appendix IIIe. Summary of fates,  survival  probabilities  and 

otters: YPWS PKluUgs study  grouping,  missing  individuals are 
confidence  intervals for radio-instrumented  female  sea 

assumed to be dead. 

Month # at # # # # SUN S 
risk D M c add mo hat 

Jul 89 1 0 0 0 11.000 

Sep 89 1 0 0 0 1 1.000 
Aug 89 1 0 0 0 1 1.000 

Oct 89 1 0 0 0 1 1.000 
Nov 89 1 0 0 0 8 1.000 
Dec 89 8 0 0 0 0 1.000 
Jan 90 8 0 0 0 0 1.000 
Feb 90 8 0 0 0 0 1.000 
Mar 90 8 0 0 0 0 1.000 

May 90 47 0 0 0 0 1.000 
Apr 90 8 0 0 0 39 1.000 

Jun 90 47 0 0 0 0 1.000 
JUl 90 47 0 0 0 0 1.000 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

Month # at # # f # s w  S ' 

risk D M C add mo hat 

Jul 90 0 1.000 
Aug 90  47 0 0 0 0 1.000  1.000 

Oct 90 46 0 0 0 0 1.000  0.979 
Sep 90. 47 1 0 0 0 0.979  0.979 

Nov 90 46 0 0 0 0 1.000 0.979 
Dec 90 46 0 0 0 0 1.000 0.979 
Jan 91 46 0 0 0 0 1.000 0.979 

Mar 91 44 0 0 0 0 1.000 0.979 
Feb 91 44 0 0 0 0 1.000 0.979 

Apr 91 44 0 0 0 0 1.000 0.979 
May 91 44 0 0 0 0 1.000 0.979 
Jun 91 44 0 2 0 0 0.955 0.934 

Aug 91 42 0 0 0 0 1.000 0.934 
Jul 91 42 0 0 0 0 1.000 0.934 

lower upper 
CI  CI t= 

1.000 1.000 
1.000 1.000 ***** 
1.000 1.000 ***** 
1.000 1.000 ***** 
1.000 1.000 ***** 
1.000 1.000  2.31 
1.000 1.000  2.31 
1.000 1.000 2.31 
1.000 1.000 2.31 
1.000 1.000  2.31 
1.000 1.000  2.01 
.l.OOO 1.000  2.01 
1.000 1.000  2.01 

lower  upper 
CI CI t= . .  

1.000 1.000 
1.000 1.000  2.01 
0.936 1.021  2.01 
0.936 1.021  2.01 
0.936 1.021  2.01 
0.936 1.021  2.01 
0.936 1.021  2.01 
0.936 1.021  2.02 
0.936 1.021  2.02 
0.936 1.021  2.02 
0.936 1.021  2.02 
0.862 1.006  2.02 
0.862 1.006  2.02 
0.862 1.006  2.02 



Appendix IIIf. Summary of fates,  survival  probabilities and 
confidence  intervals for radio-instrumented  female  sea 
otters: ALL FEMALES atudy grouping, missing individuals are 
eliminated. 

' I  

Month # a t  # # # # SUN s 
risk D M C add mo hat 

Aug 89'  38 
Jul 89 

Sep 89 36 
.Oct 89 36  
NOV 89 58 
Dec 89 64 
Jan 90 60 
F e b  90 59 
M a r  90 57 
Apr 90 69 
May 90 112 
Jun 90 110 
Jul 90 106 

Month # a t  
risk 

Jul 90 
Aug 90  104 
Sep 90   101  
Oct 90 96 
Nov 90  96 

Jan 9 1  80  
Dec 90 90 

Feb 9 1  78 
Mar 9 1  78 
Apr 9 1  77 
May 9 1  76 

Jul 9 1  70 
Jun 9 1  76 

Aug 9 1  67 

0 
1 0 0 0 0.974  0.974 

1.000 

0 0 0 0 1.000 0.974 
0 0 0 22 1.000 0.974 
1 0 .1 8 0.983 0.957 
0 0 1 0 1.000 0.957 
0 0 0 0 1.000 0.957 
0 0 2 0 1.000 0.957 
1 0  1 1 4  0.982 0.940 
0 0 0 43 1.000 0.940 

0 0 4 0 1.000 0.932 
1 0 1 0 0.991 0.932 

0 0 2 0 1.000 0.932 

# # #  # S U N  s ' 

D M C add mo ' hat 

0 -  . 1.000 

.1 0 5 2 0.990  0.990 
0 0 3 0 1.000  1.000 

1 0 0 2 0.990 0.980 
0 0' 5 0 1.000 0.980 
1 0 8 0 0.989 0.969 
0 0 0 0 1.000 0.969 
0 0 0 0 1.000 0.969 
1 0 0 0 0.987 0.956 
0 0 0 0 1.000 0.956 
0 0 0 0 1.000 0.956 
0 0 0 0 1.000 0.956 
0 0 0 0 1.000 0.956 
0 0 0 0 1.000 0.956 

lower upper 
CI CI t= 

1.000 
0.921 
0 .921 
0 .921 
0.896 
0.897 
0.896 
0.896 
0 . 8 7 1  
0.873 
0.863 
0.863 
0.863 

1.000 

1.026  2.03 
1.026  2.03 

1.026 2.03 
1.018 2.00 
1.017 1.96 
1.018 2.00 
1.018 2.00 
1.009 2.00 
1.007 1 . 9 6  
1.000 1.96 
1.000 1.96 
1.000 1.96 

- -  
lower upper 
CI  CI t= 

1.000 .1.poo 
1.000 1.000 1.96 

0.952 1.008 1.96 
0 .971  1.009 1 . 9 6  

0.952 1.008 1.96 
0.934 1.004 1.96 
0.934 1.004 1.96 
0.934 1.004 1.96 
0.915 0.998 1.96 
0.915 0.998 1.96 

0.915 0.998 1.96 
0.915 0.998 1.96 

0.915 0.998 1.96 
0.915 0.998 1.96 



Appendix IIIg. Summary of fates,  survival  probabilities and 
confidence  intervals for radio-instrumented  female  sea 

eliminated. 
otters: KPWS PIMALES study  grouping,  missing individuals are 

Month # at # # # # s w  S 
risk D M C add ma . hat 

Jul 89 0 
AUg 89  38 I O  0 0 0.974  0.974 

. .  1.000 

Sep 89  36 0 0 0 0 1.000  0.974 

Nov 89 58 1 0 1 8 0.983  0.957 
Oct 89  36 0 0 0 22  1.000  0.974 

Jan 90 52 0 0 0 0 1.000  0.957 
Dec 89 56 0 0 1 0 1.000  0.957 

Mar 90 49 1 0 1 14  0.980  0.937 
Feb. 90 51 0 0 2 0 1.000  0.957 

Apr 90  61 0 0 0 4 1.000  0.937 
May 90 65 1 0 1 0 0.985  0.923 
JUn 90 63 0 0 4 0 1.000 0.923 
JUl 90 59 0 0 2 0 1.0.00 0..923 

Month # at 
risk 

JUi 90 
Aug 90 57 
Sep 90 54 
Oct 90 50  
Nov 90 50  
Dec 90 44 
Jan 91 34 
Feb 91 34 
Mar 91 34 
Apr 91 33 
May 91 32 
JUn 91 32 

Aug 91 25 
Jul 91 28 

# i t #  # surv s . 
D M C add hat ' 

0 : 1.000 
0 0 3 ' 0 1.000  1.000 
0 0 5 2 1.000  1.000 
1 0 0 2 0.980  0.980 
0 0 5 0 1.000  0.980 
1 0 8 0 0.977  0.958 
0 0 0 0 1.000  0.958 
0 0 0 0 1.000  0.958 
1 0 0 0 0.971  0.930 
0 0 0 0 1.000 0.930 
0 0 0 0 1.000  0.930 
0 0 0 0 1.000  0.930 
0 0 0 0 1.000  0.930 
0 0 0 0 1.000  0.930 

lower upper 
CI CI t= 

1.000 1.000 
0.921 1.026  2.03 
0.921 1.026  2.03 
0.921 1.026  2.03 
0.896 1.018  2.00 

0.896 1.018 2.01 
0.896 1.018 2.00 

0.896 1.018  2.01 
0.866 1.009  2.01 
0.866 1.008  2.00 
0.847 0.999  2.00 
0.847 0.999  2.00 
0.847 0.999-2.00 . 

lower upper 
CI CI t= 

1.000 1.000 
1.000 1.000 2.00 
1.000 1.000 2.01 
0.940 1.020 2.01 
0.940 1.020 2.01 

0.898 1.018 2.04 
0.898 1.017 2.02 

0.898 1.018 2.04 
0.848 1.011 2.04 
0.848 1.011 2.04 
0.848 1.011 2.04 
0.848 1.011 2.04 
0.848 1.011 2.05 
0.848 1.011 2.06 



Appendix IIIh. Summary of fates, survival  probabilities and 

otters: WPWS PKlUGgs study  grouping,  mieeing individuals are 
confidence  intervals  for  radio-instrumented female sea 

eliminated. 

Month # at 
risk 

Jul 89 
Aug 89 1 
Sep 89 1 
oct 89 1 
Nav 89 1 
Dec 89 8 
Jan 90 8 

M U  90 8 
Feb 90 8 

Apr 90 8 
May 90 47 
JUn 90 47 
J U l  90 47 

Month # at 
risk 

# # #  # s w  s 
D M C add ma hat 

1 
0 0 0 1 1.000  1.000 

1.000 

0 0 0 1 1.000 1.000 
0 0 0 11.000 1.000 
0 0 0 8 1.000 1.000 
0 0 0 0 1.000 1.000 
0 0 0 0 1.000 1.000 
0 0 0 0 1.000 1.000 
0 0 0 0 1.000 1.000 
0 0 0 39  1.000 1.000 
0 0 0 0 1.000 1.000 

0 0 0 0 1.000 1.000 
0 0 0 0 1.000 1.000 

. . ~  
# P I  # ' s w  s ' 

.~ 

D M C add mo hat . 
Jul 90 1 0 1.000 
Aug 90 47 0 0 . 0  0 1.000  1.000 
Sep 90 47 1 0, 0 0 0.979  0.979 
OCt 90 46 0 0 0 0 1.000  0.979 
NOV 90 46 0 0 0 0 1.000  0.979 

Jan 91 4 6  0 0 0 0 1.000 0.979 
Dec 90 4 6  0 0 0 0 1.000 0.979 

Feb 91 44 0 0 0 0 1.000 0.979 
Mar 91 44 0 0 0 0 1.000 0.979 
Apr 91 44 0 0 0 0 1.000 0.979 
May 91 4 4  0 0 0 0 1.000 0.979 
J U  91 44 0 0 0 0 1.000 0.979 
Jul 91 42 0 0 0 0 1.000 0.979 
AUg 91 42 0 0 0 0 1.000 0.979 

I 

lower  upper 
CI  CI t= 

1.000  1.000 
1.000  1.000 ***** 
1.000 1.000 ***** 
1.000  1.000 ***** 
1.000 1.000 ***** 
1.000  1.000  2.31 
1.000  1.000  2.31 
1.000 1.000 2.31 
1.000  1.000  2.31 
1.000  1.000  2.31 
1.000  1.000  2.01 
1.000  1.000  2.01 
1.000 1.000 2.01 
. .  . .  .- . . _,. 
. -. 

lower  upper 
CI CI t= 

1.000 1.000 

0.936 1.021  2.01 
1.000 1.000 2.01 

0.936 1.021 2.01 
0.936 1.021 2.01 
0.936 1.021 2.01 
0.936 1.021 2.01 
0.936 1.021 2.02 
0.936 1.021 2.02 
0.936 1.021 2.02 
0.936 1.021 2.02 
0.936 1.021 2.02 
0.936 1.021 2.02 
0.936 1.021 2.02 



Appendix IIIi. Summary of fates,  survival  probabilities a d  

otters: TRE4THENT"cI(NTKB FEMALES study grouping, misaing 
confidence intervala for radio-instrumented  female sea 

individuals are eliminated. 

Month # at # #. # # s w  S 
risk D M C  add IDQ hat 

Aug 89 9 
Jul 09 

Oct 89  25 
Sep 8'9 27 

Nov 89  23 
D ~ C  89  23 
Jan 90 22 
Feb 90 20 
Har 90 17 
Apr 90 16 
May 90 15 
JUn 90 14 
JUl 90 14 

Month # at 
risk 

1 0 0  
0 . 0  1 
0 0 0  
0 0 0  
0 0 0  

2 0 0  
1 0 0  

1 0 0  
1 0 0  
0 0 0  
0 0 0  
0 0 0  

# # #  
D M C  

9 1.000 
19  0.889  0.889 

o 1.000  0.889 
o 1.000  0.889 
o 1.000  0.889 
o 1.000  0.889 
0 0.955 0.048 
0 0.900 0.764 
0 0.941 0.719 
0 0.930 0.674 
0 1.000 0.674 
0 1.000 0.674 
0 1.000 0.674 

. . , . . 

# sllnr s ' 
add 'mo hat * 

Jul  90 0 1.000 

Sep 90 13 0 0. 0 0 1.000 1.000 
Oct 90 13 0 0 0 0 1.000 1.000 
Nov 90 13 0 0 0 0 1.000 1.000 
Dec 90 12 0 0 0 0 1.000 1.000 
Jan 91 12 0 0 0 0 1.000 1.000 
Feb 91. 12 0 0 0 0 1.000 1.000 
Mar 91 11 0 0 0 0 1.000 1.000 
Apr 91 11 0 0 0 0 1.000 1.000 

Jun 91 10 0 0 0 0 1.000  0.909 

Aug 91 9 0 0 0 0 1.000  0.909 
Jul 91 10 0 0 0 0 1.000  0.909 

Aug 90 13 0 0 0 0 1.000  1.000 

May 91 11 1 0 0 0 0.909  0.909 

lower upper 
CI CI t= 

1.000 1.000 
0.652 1.126  2.26 
0.674 1.104  2.05 

0.672 1.106 2.07 
0.673 1.105 2.06 

0.672 1.106 2.07 
0.626 1.071 2.07 

0.429 0.919 2.12 
0.476 0.961 2.12 

0.427 0.920 2.13 
0.412 0.935 2.26 
0.412 0.935 2.26 

0.529  0.998  2.09 

. .  

lower upper 
. 

CI  CI  t= 

1.000  1.000 
1.000 1.000 2.26 

1.000 1.000 2.26 
1.000 1.000 2.26 

1.000 1.000 2.26 
1.000 1.000 2.26 

1.000 1.000 2.26 
1.000 1.000 2.26 

1.000 1.000 2.26 
1.000 1.000 2.26 
0.713 1.105 2.26 
0.713 1.105 2.26 

0.713 1.105 2.26 
0.713 1.105 2.26 
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