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Abstract During the last 30 years, changes in the size of 
Hawaiian monk seal populations at sewral locations baw 
been associated with the amount and type of human distur- 
bance. Recreational beach activities caused monk seals to 
alter theirpupping and baulingpattm Survival ofpups in 
suboptimal habitats was low, leading to gradualpopulation 
declines. During the last decade at Kure Atoll, thepmcess has 
been reversed human disturbance on beaches bas decreased 
and traditional pupping and hauling sites haw been rees- 
tablisbed Subsequently, high survival rates of young seals, 
coupled with two successful enhancement programs for  fe- 
malepups, haw led to dramatic changes in the age and sex 
composition of the population Based on these changes, the 
monk seal population at Kure Atoll soon should begin to 
increase. Appamntly small bebaoioral changes in such vital 
activities as feeding and reproduction can baw large demo- 
graphic cotlsequences Tbmfm, moniton'ng of endangered 
species should include data on habitat use and age and sex 
composition as well as estimates of abundance 
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Reslimen: Durante 10s ultimos freinta atios, 10s cambios en 
el tamatio de las poblaciones de la foca de Hawai en vmias 
localidades, ban sido asociados con la cantidad y el tip0 de 
perturbacion humana Lac actividades recreatiuas en laspla- 
yas causamn que las focas alteraran su patmnes de pm-  
macion y alimentacion La sobreviivencia de 10s cacboms 
en habitats sub6ptimos fue muy baja originando la dis- 
minucion gradual de las poblaciones Durante la ultima 
decada en Kure Atoll, el pmceso ha sido rewrtido: la per. 
turbaci6n humana en laspluyasba disminuido y 10s lugares 
tradicionales de procreaci6n y alirnentacion ban sido re- 
establecidos. Subsecuentemente 10s altos indices de sobre- 
viwncia Ue lac focas j6ivenes aparejados con dos eritosos 
pgramas para acrecentar 10s cacborms hembra ban pro- 
dwido cambios dramciticos en la composicidn, en edad y 
sexo, de lapoblacion Basado en estos cambios lapoblacion 
de la foca de Hawai en Kure Atoll deberia de empezar a 
incrementarsepmnto. Los cambios apamntementepequetios 
en actividades vitales como la alimentacidn y la repmduc- 
cion pueden tener grandes consecuencias demografiw Por 
lo tanto, el monitoreo de lac especies en peligm debe de 
incluir datos sobre el UFO del habitat y la composicidn en 
cuanto a la edad y el sex0 asi como calculos estimados sobre 
la abundancia 
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“ m e  primary cause of the decay of organic diversity is 
not direct human aploitation or malevolencc. but the 
habitat dcstmction that inevitably results from the ex- 
pansion of human populations and human activltics” 
(Ehrlich 1988). 

It is widely recognized that anthropogenic destruction 
of habitat is a leading cause of the loss of species diver- 
sity on Earth. Clearing of rain forests and draining of 
wetlands are obvious examples, but “destruction” of 
habitat also can be more subtle. It need not involve 
physical alteration of habitat. Seemingly benign human 
activities can cause small but important changes in a 
species’ behavior that, by their demographic effects, can 
have major population consequences. This is clearly 
demonstrated by the recent history of Hawaiian monk 
seals (Mombus  schauinslandi). 

With few exceptions, Hawaiian monk seals live and 
breed only in the Northwestern Hawaiian Islands 
(Kenyon &Rice 1959; Kenyon 1981), a 1800-km sving 
of small. mostly uninhabited islands forming the north- 
western end of the Hawaiian Archipelago. The Hawaiian 
Islands National Wildlife Refuge includes most of the 
range of the Hawaiian monk seal. Because of an appar- 
ently low rate of migration between islands (Johnson & 
Kridler 1983), monk seals form somewhat discrete pop 
ulations at eight islands or atolls. Following a general 
population decline in the 1960s and 1970s, the species 
was declared endangered in 1976 under provisions of 
the US. Endangered Species Act (Gilmartin 1983). 

A particularly sharp decline has occurred in the monk 
seal population at Kure Atoll (28’25’N, 178’10‘W), 
which lies at the northwestern end of the Hawaiian 
chain. Beach counts of adult seals declined from over 
100 in the late 1950s to about 30 in the late 1970s to 
less than 14 in the late 1980s (Table 1). The number of 
pups born at Kure Atoll similarly declined from about 
30 per year to 10 and then to a mean of 5 during the 
same period (Table 1 ). A low point was reached in 1986 
when only a single pup was born. 

The following account of the decline of monk seals 

and their potential recovery at Kure Atoll draws on seal 
counts and observations over several decades. Numer- 
ous beach counts of monk seals have been made annu- 
ally at Kure Atoll since 1981 by the National Marine 
Fisheries Service (NMFS) using a uniform methodology. 
Earlier counts by various researchers at less regular in- 
tervals used procedures that varied somewhat. Because 
the number of seals hauled out varies by time of day and 
time of year, in this report we have made pre-1981 data 
comparable by selecting only beach counts begun be- 
tween 1200 and 1500 hours of each day and l March 
and 30 September of each year. Unless noted otherwise, 
seal counts include all seals counted on the beach ex- 
cept pups of the year. 

Causes of the Decline 

The emergent land at Kure Atoll consists of a single, 
permanent, vegetated island, Green Island, and several 
much smaller sand islets. Before human occupation, 
Green Island was the favored site for pupping and haul- 
ing out. The number of seals hauling out on Green Is- 
land declined after 1960 when the US. Coast Guard 
(USCG) built a loran station there (Fig. 1 ). Dogs and 
recreational beach activities of the 20-25 men at the 
station, primarily beachcombing for Japanese glass fish- 
ing floats, caused the seals to abandon the preferred 
Green Island beaches and haul out on the sand islets 
instead (Kenyon 1972). The converse effect has been 
observed on Tern Island at French Frigate Shoals, a 
multi-island atoll 1,350 km to the southeast. For more 
than two decades while a loran station was in operation 
on Tern Island, few seals were ever seen, but the num- 
ber of seals using the island increased sharply after the 
USCG vacated the station in 1979 (Fig. 1). In 1988, the 
highest of the weekly seal counts on Tern Island was 
118, and the March-September mean was 61.4. 

The immediate effect of human beach activity on the 
choice of monk seal hauling sites is thus clear, but the 

Table 1. Numbers of pups born, mean adult beach counts, and relative pupping rates (rpio of pups to adult beach count) at K m  Atoll 
for selected years, 1957-1988 (* = incomplete pup couII1; ** = single adult beach count). 

Number of Mean adult Relative 
Reference Year PUPS - beach count pupping rate 

1957 
1958 

1964 
1965 

1977 
1978 

23‘ 
25’ 

32 
30 
10 
10 

79” 
107.. 

31.0 
33.0 

0.29 
0.23 

0.32 
0.30 

Kenyon & Rice 1959 
Rice 1960 

wiru 1968 
winz 1968 

Johnson et al. 1982a 
Rauzon 1978 

1985 5 14.1 0.35 Reddy & Gril?ith 1988 
1986 1 11.5 0.09 NMFS unpublished data 
1987 6 
1988 8 13.1 0.61 Henderson & Finnegan 1990 

11.8 0.51 Reddy 1989 
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Figure 1. Number of Hawaiian monk seals hauled 
out on Green IslaM Kure Atoll, and Tern IsIan4 
French Frigate Shoal.$ 13561988. Filled circles indi- 
cate a mean count, triangles a maximum of several 
count& and x's a single count The UX Coast Guard 
built a loran station on Green Island in 1960 and 
mated a loran station on Tern Island in 1979. The 
US. Fish and Wircirife Service took over the Tern Is- 
land station in 1979 and has operated it as a field 
research station since. (Sources: Svihla 1957; Udvardy 
Q Warner 1964; Amerson 1971; Kenyon 1972; Schul- 
meister 1981; DeLong et aL 1976; Fiscus et aL 1978; 
Rauzon 1978; Johnson et aL 1982b Gilmartin 1983; 
Gilmartin et aL 1986; Reddy G Griffith 1988; Reddy 
1985; NMFS unpublished data j 

demographic effects of changed pupping and hauling 
sites are less obvious and require a longer time to ex- 
press themselves. In the absence of human disturbance, 
seals use the optimal sites available for their activities; a 
change to suboptimal sites may lead to higher mortality, 
lower fecundity, or both. After the establishment of the 
loran station on Green Island in 1960, fecundity, as in- 
dicated by number of pups per adult, did not decline 
(Table 1 ). However, pup mortality was very high (Wirtz 
1968). and few immature seals were seen (Johnson et al. 
1982a). There are no data on nonpup mortality rates. 
The virtual lack of immature seals, together with the 
steady decline in beach counts and number of births 
over several decades, is consistent with the hypothesis, 
first advanced by Kenyon (1972). that changed pupping 
and hauling sites lead to high postnatal mortality, low 
recruitment, and a gradually senescent population. 

Several proximate causes of high postnatal mortality 
in Hawaiian monk seals are probable. First, preferred 
pupping sites have a calm nearshore area where pups, 
which are weak swimmers, develop their swimming 
ability (Westlake & Gilmanin 1990>; however, the sand 

islets at Kure Atoll change size and shape frequently, and 
large waves may wash over them entirely. At other lo- 
cations, we have observed pups swept out to sea and not 
returning. Second, sharks, especially Large tiger sharks 
(Galeocerdo cuvier), are common near shore during 
the seal pupping season, apparently attracted by fledg- 
ing albatross (Diomedea immutabilis and D. nigrtpes) 
chicks, which are unable to fly out of the water after 
swimming oI%hore or landing in the water. Shark pre- 
dation is indicated by wounds on seals (Kenyon 1973), 
seal remains in shark stomachs (Taylor & Naftel 1978). 
and direct observation (Balazs & Whittow 1979; Alcorn 
& Kam 1986; Johanos & Kam 1986; Johanm & Austin 
1988). Pupping locations on Green Island have shallow 
nearshore waters that probably offer some protection 
from sharks, but the sand islets do not. 

Finally, the phocid pattern of maternal care makes the 
postnatal period a particularly vulnerable stage in the 
life cycle. Phocids ( m e  seals) have a high rate of energy 
transfer from mother to pup during a short nursing pe- 
riod, terminated by an abrupt weaning (Oftedal et al. 
1987). Hawaiian monk seal pups nurse for 35-40 days, 
during which the mother is in constant attendance to 
her pup and does not feed. The amount of energy trans- 
ferred to the pup during the nursing period is critical 
since, after weaning, the pup must live on its fat reserves 
until it learns to feed on its own. Immature survival rates 
are positively correlated with weaning size in the Ha- 
waiian monk seal (unpublished data) and other phocids 
(Coulson & Hickling 1964; Hill 1987). Repeated inter- 
ruption or stress during the nursing period reduces the 
amount of milk the pup receives and its subsequent 
likelihood of survival. Disruption of normal maternal 
care has been a factor in the decline of many threatened 
and endangered mammals (Oldfield 1988). 

Similar factors related to human disturbance have al- 
tered monk seal population sizes at two other atolls, 
Midway Islands and French Frigate Shoals, although data 
are less complete than at Kure Atoll. Midway Islands 
became an active US. naval base in the early 1940s. If 
monk seals there reacted to human activity as they did 
at Kure Atoll, the seal decline was well under way when 
the first detailed counts were made in the Late 1950s 
(Kenyon & Rice 1959). The rate of abortions, stillbirths, 
and preweaning deaths was a very high 46% at that time 
(Rice 1960). By the late 1960s. only a few seals were 
seen (Kenyon 1972). a situation that continues to the 
present. Thus, the monk seal decline at Midway Islands 
apparently took about 25-30 yeus, the same length of 
time as the decline at Kure Atoll and, not coincidenrally, 
about the apparent lifespan of these seals (Kenyon 1981; 
unpublished data). 

On the other hand, the monk seal population at 
French Frigate Shoals increased substantially between 
the late 1950s and the late 1970s (Johnson et al. 
1982a), a puzzling anomaly against the general decline 
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at most locations during this period. However, the in- 
crease makes sense if we consider the pattern of human 
disturbance. The primary pupping site at French Frigate 
Shoals is East Island (Westlake & Gilmartin 1990). A 
USCG loran station was located on East Island from 
1944 to 1952 (Amerson 1971). East Island is much 
smaller than Green Island, and the disruption of pupping 
was undoubtedly greater. The loran station was moved 
to Tern Island in 1952, and monk seals avoided that 
location until the station ceased operation in 1979 (Fig. 
1). Because Tern Island is not used for pupping, it is 
possible that pupping at the atoll returned to nearly 
normal once human activity around East Island stopped. 
Thus, the 19561958 seal counts at French Frigate 
Shoals were probably made at a low point, and with 
decreased human disturbance at the primary pupping 
island, the population recovered over the next two de- 
cades. The lack of juvenile and subadult seals at French 
Frigate Shoals in 1958 and the high proportion of them 
in 1977 (Johnson et al. 1982a) are consistent with this 
explanation. 

Monk seal populations have declined at other loca- 
tions in the Northwestern Hawaiian Islands (Johnson et 
al. 1982a), where human activity has been less intense. 
All of the islands, however, have sulfered various de- 
grees of human disturbance from a combination of ship- 
wrecks; visits by fishermen; military activity; scientific 
research, including collections; and, in the more distant 
past, sealers, turtle hunters, guano miners, and seabird 
egg and feather collectors (Amerson 1971; Woodward 
1972; Amerson et al. 1974; Clapp & Kridler 1977; Clapp 
et al. 1977; Ely & Clapp 1973; Clapp & Wirtz 1975). 
Other known sources of mortality include disease (Gil- 
martin et al. 1980), shark predation (Alcorn & Kam 
1986), adult male aggression (Johnson &Johnson 1981; 
Johanos et al. 1987; Alcorn 1984; Johanos & Austin 
1988), and entanglement in debris (Henderson 1984, in 
press). Data are insufficient to assess the relative con- 
tribution of these sources of mortality to the population 
declines at the other islands. 

Changes Leading to Recovery 

After the Hawaiian monk seal was declared an endan- 
gered species in 1976, management actions were under- 
taken to assist its recovery. The USCG modified its reg- 
ulations at Kure Atoll to reduce disturbance to seals. 
Dogs were banned from the station, recreational driving 
of vehicles on the beaches was eliminated, and seal ref- 
uge areas with restricted access were established at the 
north end of Green Island and on the sand islets. The 
immediate effects of these changes on seal behavior are 
difficult to quantify since no data are available from the 
early 1970s. The biggest documented changes occurred 

after 1981, when NMFS began an annual research pro- 
gram there. Seals began pupping on Green Island again 
(Fig. 2); in fact, since 1982, 33 of the 35 births at Kure 
Atoll have occurred on Green Island. Also, seals once 
again began using Green Island as the main haul-out area 
(Fig. 2). The fraction of seals presently using Green Is- 
land for hauling out (about 0.60-0.65) is far above the 
figure of 0.16 recorded in 1968 when disturbance was 
high, but is still below the figure of 0.72 in the late 
1950s before the station was built (Kenyon 1972). The 
fraction of seals using Green Island is significantly 
higher after 1980 for both hauling out (P < 0.05) and 
pupping (P < 0.005, rank-sum test, two-tailed). We be- 
lieve these changes in the seals’ behavior result from 
changes in the behavior and attitude of USCG personnel 
toward monk seals; the latter changes, in turn, result 
from (1 ) restrictions on beach activities beginning in 
1976; and (2) an increased awareness of and concern 
for the plight of the monk seals beginning in 1981, co- 
incident with the NMFS research presence. 

Beach counts have indicated that there are about 
three adult male seals for each adult female at Kure 
Atoll. The reasons for this excess of males, which also 
occurs at some but not all other locations, are a current 
focus of research. Because of the declining number of 
females and the unbalanced sex ratio, two programs 
aimed at increasing the number of female seals were 
initiated in recent years at Kure Atoll. The first project, 
“Headstart,” was begun in 1981 and continues to the 
present. Female pups have been collected after weaning, 
tagged on the rear flippers, and placed in a large (ca. 40 

Figure 2. Fraction of Hawaiian monk seals at Kure 
Atoll using Green Island forpupping (a) and haul- 
ing (x), 1976-1988. (Sources DeLong et aL 1976; 
Fiscus et aL 1378; Rauzon 1978; Rauzon et aL 1978; 
Johnson et aL I982a; Johnson et aL 1982b; Gilmar- 
tin et aL 1986 Reddy G Griffith 1988; Reddy 1989; 
NMFS unpublished &tal 
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m x 60 m) fenced beach enclosure with equal areas of 
sand and water (Gilmartin et al. 1986). The enclosure is 
stocked with live fish trapped on nearby reefs. Female 
pups are kept in the enclosure throughout the summer 
months and released in September of each year, at 3-7 
months of age. Male pups are similarly tagged after 
weaning but not placed in the enclosure. Survival rates 
from weaning to one year have been higher for the pro- 
tected females (14115 = 0.93) than for the unprotected 
males (14/17 = 0.82). The difference is not significant 
based on a chi-square test ( = 0.05), but with this small 
sample, the probability of detecting such a difference is 
low (1 - <0.2) (Cohen 1988). The median annual 
survival rate of all seals from 1 to 4 years of age has been 
0.94 (Gilmartin et al. 1987). These high survival rates 
since 1981, even for male pups not given the extra pro- 
tection of the enclosure, coincide with the shifts in pup- 
ping and hauling sites (Fig. 2). 

In the second program, begun in 1984 at French Frig- 
ate Shoals where the population is larger, severely un- 
derweight female pups are collected after weaning, 
treated and fed in Honolulu, and released as yearlings at 
Kure Atoll the following spring (Gilmartin & Gerrodette 
1986). Six of the eight seals so treated and released 
through 1987 were alive at Kure Atoll in 1988, one had 
emigrated to Midway Islands, and one was not seen in 
1988. 

The female pup enhancement programs, while involv- 
ing a small number of animals, have thus been extremely 
dective at a critical stage in the life cycle. Equally im- 
portant, the shifts in pupping and hauling sites have re- 
sulted in high survival rates for all immature seals since 
1981. The cumulative demographic effect on this small 
population has been substantial. Although the number 
of seals at Kure Atoll remains low, the decline has been 
halted. The total number of seals has not changed much 
since 1981, but a large shift in the age and sex compo- 
sition has occurred (Fig. 3). Before 1981 immature seals 
(approximately ages 1-5 for females, 1 - 6  for males) 
were rarely seen; now they constitute half the popula- 
tion. Moreover, in contrast to adults, the sex ratio in the 
immature portion of the population is 2:l in favor of 
females. The number of births is increasing after reach- 
ing a low of a single pup in 1986. All eight seals who 
gave birth at Kure Atoll in 1988 were identified; five of 
them are known to have fist pupped in 1987 or 1988, 
a sixth first pupped in 1984, and the ages of the other 
two mothers are unknown. Because monk seals may live 
to 25 years or more, the breeding population as well as 
the total population is now quite young. The high pup- 
ping rates in 1987 and 1988 (Table 1) may be the result 
of a young and more fecund breeding population, but 
the sample sizes are small and the high pupping rates 
could have occurred by chance alone. In any case, if 
fecundity remains at least at its historical level and sur- 

IMMATURE 

1980 1984 1968 

Figure 3. Number ofHawaiian monk seals in each 
of three age categories at Kure Atoll, 1977-1988. 
Pups are seals born in that yeat: immatures are seals 
I year and older but less than adult size; adults are 
seals of full adult size or observed breeders Squares 
indicate a completely known cohort of tagged or in- 
dividually recognizable seals Circles indicate num- 
ber of seals estimatedfrom a mean beach count 
based on the mean obserued haul-out fraction of im- 
mature seals from 1985 to 1988. Open symbols indi- 
cate points estimated from partial data (Sources: 
Rauzon 1978; Johnson et aL 1982a; Johnson et aL 
1982b; Gilmartin et aL 1986; Reddy G Griyfith 1988; 
Reday 1989; NMFS, unpublished data) 

vival remains as high as it has been since 1981, the 
population soon should begin to increase. 

Conclusions 

We are cautiously optimistic for growth of the monk 
seal population at Kure Atoll in the near future. The 
causes of the seals’ decline were reversible, and the 
seals’ responses to changes in human behavior have 
been dramatic and well documented. Monk seals and 
humans can coexist on these islands if humans do not 
disrupt the seals’ vital activities of hauling out, pupping, 
and feeding. This has been clearly demonstrated by the 
seals’ increased use of Tern Island after 1979 when the 
USCG loran station was replaced by a USFWS field sta- 
tion (Fig. 1; Schulmeister 1981). Under the USFWS, ac- 
cess to the beach at Tern Island, as well as elsewhere in 
the atoll, has been strictly limited to necessary research, 
and the researchers make special efforts to avoid dis- 
turbing the seals (USFWS 1986). 

Our findings have applications to a related endan- 
gered species, the Mediterranean monk seal (M. mona- 
cbus). That species is declining rapidly in abundance, 
and exists only as small scattered colonies around is- 
lands in the Mediterranean Sea and eastern subtropical 
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Atlantic Ocean (Sergeant 1984). Habitat loss, pollution, 
and shootings by fishermen are thought to be primary 
causes of the decline, but indirect human effects may be 
operating as well, as in the Hawaiian case. It is clear from 
their remaining distribution in only the most remote 
locations that Mediterranean monk seals avoid human 
activity. Because of this avoidance, the seals may be 
using suboptimal pupping, hauling, and feeding sites. In 
the past, the Mediterranean monk seal apparently used 
sandy beaches (Ronald & Yeroulanos 1984), as the Ha- 
waiian species does, but now hauling and pupping are 
confined to caves. Lower fecundity and survival rates at 
such sites could be contributing to the population de- 
cline. On the positive side, the success of the Hawaiian 
monk seal pup relocation program from French Frigate 
Shoals to Kure Atoll has shown that seals will tend to 
remain at a new location if moved when young and held 
in semicaptivity before release. If sanctuary areas with 
suitable habitat could be identified for the Mediterra- 
nean monk seal (Avella 1984; Biscoito 1984; Ronald & 
Yeroulanos 1984), it might be possible to establish or 
increase populations at these sanctuaries by moving 
young seals from areas where contlicts with humans are 
a problem. 

The case of the Hawaiian monk seal at Kure Atoll also 
has lessons for monitoring endangered species in gen- 
eral. First, monitoring should include more than esti- 
mates of population size. Estimating population size (or 
an index of population size) over time is a necessary but 
insufficient condition for monitoring. Factors that indi- 
cate the condition of a population can alert wildlife 
managers to incipient problems at an earlier stage 
(Eberhardt & Siniff 1977; Gerrodette & DeMaster 
1990). Such factors could include individual physiolog- 
ical condition (growth rate, size, weight, and disease), 
behavioral observations (mating, nesting, feeding, and 
social interactions), and demographic characteristics of 
the population (age, stage, size, and sex composition). 
The decline of the monk seal population at Kure Atoll 
would have been detected earlier if, for example, the 
size composition of the population had been recorded 
as well as total seal count. Even today, after more than a 
decade of effort at restoring the population, total counts 
of monk seals at Kure Atoll have not changed very 
much. Our optimism for the future growth of the pop- 
ulation comes from a more detailed consideration of the 
changing age and sex structure of the population 
(Fig. 3). 

Second, monitoring requires a long-term commit- 
ment. Many “charismatic” endangered species are char- 
acterized by long lives and low rates of reproduction. 
For animals and plants with such life histories, changes 
in population size may occur slowlyexcepting, of 

less clear at other locations where fewer counts have 
been made. 

Third, a species’ habitat may be made unsuitable in 
subtle ways. Recent declines of Hawaiian monk seals in 
the presence of humans were not caused by malevo- 
lence or even by habitat alteration in the usual sense. 
Apparently benign human activities caused small behav- 
ioral changes that had large population effects. Beach- 
combing, jogging, and similar activities may have 
seemed innocuous, yet there is little question that Ha- 
waiian monk seals would have been extirpated at Kure 
Atoll had changes not been made. Every species re- 
quires suitable habitat to carry out its vital activities, and 
the denial of access to such critical habitat kills as surely 
as direct exploitation. 
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