RESPONSE OF A REMNANT POPULATION OF ENDANGERED WATERBIRDS TO AVIAN BOTULISM
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ABSTRACT: The endangered Hawaiian stilt (Himantopus mexicanus knudseni) and endangered Hawaiian coot (Fulica
alai) are uncommon statewide in the Hawaiian Archipelago. On Hawaii Island, these waterbirds are restricted to a
few wetlands, including 2 ancient Hawaiian fishponds at Kaloko-Honokohau National Historical Park. An avian
botulism outbreak was documented there in 1994, and population estimates before and after the outbreak were made.
The outbreak appeared to interrupt the coot’s, but not the stilt’s, breeding season. The coot population was deci-
mated, but the stilt population appeared to have been less impacted. Both populations have recovered substantially,
although the amount of immigration into these populations is unknown. Continyous rigorous removal of fish and
bird carcasses appears to have controlled botulism outbreaks at the site. The potential for catastrophic loss of endan-
gered waterbirds at major wetlands on other Hawaiian Islands should be reevaluated for site management and recov-
ery plans.
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- Random events like disease epidemics can have seri-
ous effects on small populations of endangered species,
such as loss of genetic diversity and even extinction.
The objective of my paper is to document the serendipi-
tous decline and recovery of endangered waterbirds
caused by avian botulism that occurred during a
waterbird breeding study at Kaloko-Honokohau National
Historical Park (KAHO), north of Kailua-Kona, on Ha-
waii Island (Fig. 1), from 1992 through 1995. I thank

stable population counts on Hawaii 1. strongly suggest
that such movements are uncommon. Some inter-is-
land movement has been documented for Hawaiian coots
(Banko 1987, Engilis and Pratt 1993), but none specifi-
cally between Hawaii I. and the other main islands.
Populations of the species are small in KAHO; how-
ever, KAHO has the best remaining waterbird habitat
on Hawaii I. and maintains roughly 70-80% of the coots
and 50% of the stilts for the island. Most of the waterbird
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BACKGROUND

Resident endangered Hawaiian coot (Fulica alai) and HONOKCHAU HARROR
Hawaiian stilt (Himantopus mexicanus knudseni) popu-
lations on the island of Hawaii (hereafter Hawaii 1.) rep- Lecoo
resent <5% of total statewide populations (Shallenberger e e RN
1977, Paton and Scott 1985, Paton et al. 1985, Engilis -- o o st |

and Pratt 1993). Little is known about Hawaiian stilt
movement throughout the state of Hawaii (Engilis and
Pratt 1993, Reed et al. 1994) and nothing is known about
their movements between Hawaii I. and the rest of the
main islands (Paton et al. 1985), although the relatively

Fig. 1 Map of fishponds at Kaloko-Honokohau National
Historical Park on Hawaii Island.
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habitat is associated with KAHO’s 2 excellent examples
of old Hawaiian fishponds: Aimakapa and Kaloko. Stilt
are believed to make regular coastal movements between
Aimakapa Fishpond and Opaeula (Makalawena) Fish-
pond to the north, as well as other fishponds and smaller
sites such as anchialine pools along the Kona coast
(Shallenberger 1977, Paton et al. 1985). It appears that
other waterbirds, including coots and migratory ducks,
also move along the coast between Aimakapa and
Opacula (Shallenberger 1977), and is the reason that
these two fishponds should be considered as an ecologi-
cal unit.

Past records indicate that prior to 1977, Hawaiian
stilt counts at Aimakapa usually ranged from 4 to 8 birds
(with a high count of 11 birds), which was approximately
30-50% of the entire island’s population (Shallenberger
1977). Shallenberger (1977) also reported that migra-
tory waterfowl counts rarely exceeded 100 birds, which
was similar to my 1992 and 1993 pre-botulism counts
and coincides with records on file at Bernice P. Bishop
Museum (Robert Pyle, pers. comm.).

Apparently waterbird use relative to Opaeula and
Aimakapa fishponds has changed somewhat since the
1960s and early 1970s; it appears that stilt use at
Aimakapa has increased and use at Opaeula declined.
Stilt counts at Opaeula were reportedly “almost invari-
ably” higher than numbers for Aimakapa (Shallenberger
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1977), but in 1993 Aimakapa had a stilt population as
large or larger than Opaeula (Morin, pers. obs.).

In late January 1994, dead waterbirds began to be
found in 1 of 2 fishponds (Aimakapa) at KAHO; several
sick and freshly dead birds were sent to Honolulu for
analysis. In early March 1994 avian botulism
(Clostridium botulinum type C) was confirmed for the

first time on Hawaii Island as the cause of death for wild -

birds (Thierry Work, National Biological Service D.VM,
pers. comm.). Both Hawaiian coots and Hawaiian stilts
were affected, as well as common migratory waterfowl,
primarily northern shovelers (4nas clypeata) and a few
northern pintails (4nas acuta) (Fig, 2). Dead waterbirds
were also recovered or seen in at other wetlands outside
KAHO, including an anchialine pool, Opaeula Fishpond,
and a nearby sewage treatment plant (Morin, pers. obs.).

Avian botulism has rarely been documented in Ha-
waii State: before 1987 only 2 outbreaks were reported.
The earliest was at Kaelepulu Fishpond (now also called
Enchanted Lake) on the island of Oahu from December
1952 to January 1953, but botulism toxin was not veri-
fied (Brock and Breese 1953). The second outbreak was
in a Lihue settling basin on the island of Kauai that
began in 1966 (Swedburg 1967). During the Lihue out-
break, botulism toxin was verified in some carcasses,
but the presence of pesticides in those carcasses made it
unclear whether the toxin caused the deaths or if the

45[

40

35

25

@ Coots

[ Ducks

30 B8 Stilts

I Night-Heron

20

NUMBER OF BIRDS

15

10

JAN

FEB MAR APR MAY JUN
MONTH

| . (TS

JUL AUG SEP OCT NOV DEC

Fig. 2 Dead waterbirds found in west Hawaii Island during 1994, primarily from Aimakapa Fishpond.
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toxin was the result of bacterial activity within the car-
cass after death from other causes. Beginning in 1990,
avian botulism has recurred approximately annually in
endangered waterbirds at Hanalei National Wildlife
Refuge on the island of Kauai (Kathleen Fruth, USFWS,
pers. comm.). :

In retrospect, other probable outbreaks on Hawaii 1.
were identified that occurred prior to the 1994 botulism
outbreak at Aimakapa Fishpond. The oldest probable
(and recurring) outbreak began in some more northerly
fishponds at Kona Village Resort in July 1987. This
initial outbreak killed 8-12 domestic mallards (4Anas
platyrhynchos) and an introduced black swan (Cygnus
atratus) (Betsy Webb, D.VM,, pers. comm.). Septem-
ber 1995 was the most recent probable outbreak at these
same fishponds, which were heavily stocked with fish
and introduced waterbirds. Another probable outbreak
killed some Hawaiian stilts at Opaeula Fishpond, also
on the western coast of Hawaii 1., in the late summer of
1993 (Ron Bachman pers. comm.). In these die-offs,
botulism toxin was never clinically verified in fresh car-
casses, but symptoms and field signs were consistent with
botulism-caused mortality. It is possible that other out-
breaks have occurred but have gone unreported. In 1994
the last dead bird was recovered from Aimakapa Fish-
pond in October (Fig. 2). The outbreak was apparently
quiescent during the rest of 1994 and 1995.

SITE DESCRIPTION

KAHO is a newly aquired national park located on
the Kona coast immediately north of Honokohau Har-
bor on Hawaii Island. KAHO lies at the base of the
volcano Hualalai, which is still considered to be active.
Along the dry Kona coast many old lava flows are evi-
dent, often extending down to the sea. One of these
flows is immediately adjacent to both Aimakapa and
Kaloko fishponds.

KAHO has many sites with outstanding Hawaiian
cultural values (Kelly 1971) but also contains some of
the most productive endangered waterbird wetlands on
the island (Shallenberger 1977; Engilis and Reid in
press). Kaloko Fishpond, Aimakapa Fishpond, and
Aiopio Fishtrap (Fig. 1), rocky tidal areas, and numer-
ous anchialine pools (Maciolek and Brock 1974, Chai
1991) are situated within the park.

Kaloko Fishpond is approximately 4.5 ha, Aimakapa
Fishpond approximately 6 ha of open water and another
6 ha of marshland that was once fishpond, and Aiopio
Fishtrap is about 0.7 ha (Kikuchi and Belshe 1971).
Although the fishponds contain many rock walls and
other constructions made by ancient Hawaiians, the sites
were undoubtedly natural wetlands prior to their modi-
fication. Aimakapa is considered to have originally been
an inland pond behind a barrier sand beach and Kaloko
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a natural bay separated from the sea by a man-made
rock wall (Wyban 1992). Both fishponds are surrounded
by natural anchialine pools.

Aimakapa and Kaloko fishponds experience tidal
fluctuations. Both of the fishponds receive substantial
subsurface fresh water from upslope and are brackish,
although there are considerable variations in salinity due
to tidal stage, location, and sample depth (Kikuchi and
Belshe 1971). Substantial subsurface freshwater out-
flows along the Kona coast are a well known local phe-
nomenon (Maciolek and Brock 1974, Kay et al. 1977,
Parrish et al. 1990). The brackish water is produced
where coastal springs mix with ocean water (Parrish et
al. 1990). Brackish fishponds and anchialine pools are
scattered all along the Kona coast, even occurring in
what appears to be barren lava flows.

Since the 1960s, the seawall at Kaloko Fishpond has
been breached and damaged by storms; salt water freely
flows into the fishpond, especially during high tides.
Aimakapa’s subsurface connections to the ocean are not
visible and there is a lag in the tidal effects, indicating
some resistance.

Water samples taken in 1994 at Aimakapa Fishpond
by USGS Water Resources Division (William Meyer,
USGS, pers. comm.) indicated that the fishpond had a
salinity of about 13 ppt, only slightly saltier than the
groundwater (10 ppt) and considerably less salty than
seawater (35 ppt). Kaloko Fishpond is currently much
more saline than Aimakapa, with salinities ranging from
18-34 ppt. (William Meyer, pers. comm.). In 1971,
Kikuchi and Belshe described the central waters of
Aimakapa Fishpond as having a temperature of 27.8 °C
and a salinity of 7.9 ppt. They described Kaloko Fish-
pond as a layered body of water, with surface tempera-
tures of 20-24 °C and salinities that ranged from 18-24
ppt in the deeper areas and temperatures of 18-20°C
and salinities of 4-8 ppt near the springs in the shallow
back areas. Maciolek and Brock (1974) reported the
salinity of Aimakapaas 7-8 ppt. Chai (1991) stated that
it appeared that Kaloko Fishpond had more freshwater
influx in 1971 than what he found during his 1988 field
work.

KAHO is bordered on the south by Honokohau Har-
bor, by a highway on the east, by a proposed resort de-
velopment on the north, and by the Pacific Ocean on the
west. An industrial park lies immediately east of KAHO
above the highway, and on the slopes of Hualalai vol-
cano are numerous housing subdivisions. All of these
are currently using cesspools for wastewater. A new
wastewater treatment plant just south of KAHO, treat-
ing wastewater from the coastal business district in Kona,
has been dumping treated sewage water into a pit across
the highway immediately south of KAHO since at least
March 1994. A golf course which was to be watered
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with the treated sewage water has yet to be built. The
potential for nutrient loads and chemicals to enter the
surface groundwater appears therefore to be very high.

METHODS

Bird censuses were conducted at least weekly at
Aimakapa and Kaloko fishponds from February 1992
through July 1993, and from January 1994 through July
1994, and at least twice a month from August 1994
through February 1995, and sporadically thereafter.
Counts of all waterbirds and shorebirds were made with
binoculars from the western shore (Aimakapa) or the
southern shore (Kaloko). Surveys for coot, stilt, and
pied-billed grebe (Podilymbus podiceps) nests were made
at both fishponds by boat (Aimakapa) and from shore
(both fishponds) approximately weekly during the stilt
breeding season of February through July, and less often
otherwise. Nest site, clutch size, chicks, and fledglings
were recorded for all nests. I conducted all censuses
and nest surveys. Censuses at both fishponds were usu-
ally made within an hour of each other. Most dead birds
were retrieved from the shoreline, or by boat by techni-
cians checking a predator trap line several times a week;
some carcasses were retrieved during the censuses and
nest surveys. Most fresh carcasses were packed on ice
and flown to Honolulu for verification of botulism toxin.

RESULTS

Although Hawaiian coots were reported to have used
Kaloko Fishpond in the past (Shallenberger 1977, Banko
1987), coots and migratory ducks were never seen at
Kaloko Fishpond during my 139 censuses. A few Ha-
waiian stilts periodically used Kaloko Fishpond (aver-
age of 1.1 + 2.64 SD stilt per census, n =139, range 1 to
18), especially the exposed mudflats and shoreline that
have been hand-cleared of the alien plant Batis mar-
itima. No waterbirds were ever found dead from avian
botulism at Kaloko Fishpond.

For all censuses made at Aimakapa Fishpond from
1990 to December 1995, the mean Hawaiian coot count
was 45.0 + 23.94 SD birds (» = 168 censuses, range =0
to 103). However, during the 1980s as many as 188
coots were sighted there (Jaan Lepson, unpubl. data).
For the botulism year of 1994, the mean number of coots
per count was 20.9 + 23.22 SD (n =48 censuses), whereas
during the baseline censuses from February 1992 through
July 1993, the coots averaged 56.5 + 13.31 SD birds per
census (7 = 109). On 7 January 1994, just prior to the
botulism die-off, the Hawaiian coot count was the high-
est for all my Aimakapa counts (103 birds). On that
date there were also 20 Hawaiian stilts, 145 ducks, 1
pied-billed grebe, 4 cattle egrets (Bubulicus ibis), and 3
shorebirds. The coot population reached its lowest count
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(0) in early November 1994 (Fig. 3), but had recovered
to pre-botulism levels by December 1995.

For all censuses made at Aimakapa Fishpond from
1990 to December 1995, the mean Hawaiian stilt count
was 12.9 + 5.01 SD birds (» = 179 censuses, range = 0
to 29). Although the stilts are known to have suffered
some mortality (Figs. 2 and 4), the mean number of stilts
per census during the 1994 botulism year (12.9 + 5.65
SD birds, n = 52 censuses) was virtually identical to the
mean number of stilts per pre-botulism census (12.9 +
4.69 SD birds, n = 117 censuses) from February 1992
through July 1993. Use of Kaloko Fishpond by stilts
increased to 2.1 + 3.78 SD stilts per census (n = 49)
during the botulism year of 1994, in contrast to a mean
of 0.3 + 0.77 SD stilts per census (7 = 82) from January
1992 through July 1993,

From 1992 through 1995, no coot or stilt nests were
found in Kaloko Fishpond. Although Hawaiian coots
normally breed year-round (Shallenberger 1977, Morin
pers. obs.), coot nests and eggs were not found in
Aimakapa from January to April 1994 during the botu-
lism outbreak. Hawaiian stilts continued to nest and
breed normally in Aimakapa from March through July
during 1994, although there were fewer nests. The num-
ber of fledgling stilts per nest was not significantlly dif-
ferent from a pre-botulism year (Morin, in prep.)

Carcasses of 56 Hawaiian coot, 6 Hawaiian stilts, 1
Black-crowned Night-Heron (Nycticorax nycticorax
hoactli), 21 shovelers, and 1 pintail were recovered (Fig,
2). Botulism toxin was verified in most of the fresh
carcasses (T. Work pers. comm.). Based on pre-botu-
lism population censuses, I estimate that about only one-
half of the carcasses were retrieved, in spite of intensive
searching,

DISCUSSION

Almost all of the research and knowledge concern-
ing avian botulism has been gathered in mainland fresh-
water ecosystems without tidal influence (T. Rocke, NBS,
pers. comm.). Aimakapa, Kaloko, and Opaeula fish-
ponds, as well the numerous anchialine pools that dot
the Kona coastline, have connections to underground
freshwater sources as well as to the ocean. The unique-
ness of this situation, as well as uncertainty as to the
origin of the outbreak and the presence of protected ar-
chaeological sites, make it less clear what should be done
for effective preventative management.

Recent reports do not confirm that the botulism toxin
is present in the water or mud except in the immediate
vicinity of toxic carcasses or dead animal tissue
(Haagsma 1987). Some birds can apparently recover
from botulism, if the toxin dose is not too great. How-
ever, it is unclear how many wild birds would survive
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without human intervention. After recovering from botu-
lism, mallards were found to have no effective immu-
nity (Haagsma 1987).

Clostridium botulinum type C can be found world-
wide in soil, freshwater areas, some marine environ-
ments, and even in guts of clinically healthy birds
(Haagsma 1987). Although humans are believed to be
relatively resistant to type C toxin (Clark 1987), it can
be toxic to birds as well as mammals, fish, and amphib-
ians (Asuma and Itoh 1987, Haagsma 1987, Jensen and
Price 1987, Mitchell and Rosendal 1987). There are
many different situations that can produce an avian botu-
lism die-off and no single set of environmental condi-
tions is associated with every botulism outbreak (Wobeser
1987).

Both macro- and micro-environmental conditions can
apparently trigger and/or perpetuate botulism outbreaks.
These scenarios include: (1) recently flooded land, pos-
sibly where invertebrate carcasses increase the protein
available for bacterial growth and toxin production
(Clark 1987, Jensen and Price 1987). (2) Infection of
the C. botulinum bacteria with specific bacteriophages
(bacteria viruses) that increase the toxicity of the toxin
(Jensen and Price 1987, Wobeser 1987; Chris Brand,
pers. comm.). C. botulinum bacteria can be found in the
environment both with and without these phage infec-
tions, and free phage can be found as well (T. Rocke,
pers. comm.). However, only botulism bacteria infected
by the specific phages produce the deadly forms of toxin
(T. Rocke, pers. comm.). These phages may play a pri-
mary role. Different strains of botulism type C are in-
fected with 1 or more of these viruses and when they
lose these viruses experimentally, the strains stop pro-
ducing the dominant C1 toxin (Eklund et al. 1987).
These authors assert that the bacteria-virus relationships
play an important role in the toxic characteristics of the
botulism bacteria and botulism outbreaks in natural set-
tings. Different botulism bacteria and phages are moved
between distant areas by migratory birds, wind, and
floods, which can then infect isolated botulinum bacte-
ria elsewhere (Eklund et al. 1987). The role of phages
in producing the C1 toxin may help to explain why botu-
lism outbreaks are difficult to predict by examination of
environmental conditions alone and why management
actions result in varying amounts of apparent success or
failure.

(3) Low pH (e.g., 6.2 to 10.5; Clark 1987, Mitchell
and Rosendal 1987). The pH of the environment may
not be important if the botulism bacterium is contained
within a carcass with the appropriate pH. (4) Optimal
environmental temperatures, thought to be about 300-
370C, although toxin production can occur between 100
and 470 C (Mitchell and Rosendal 1987, Smith 1987).
(5) Anaerobic conditions such as those caused by decay-
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ing organic matter, especially from sources such as ani-
mal plankton (Clark 1987, Mitchell and Rosendal 1987).
Oxygen depletion is not necessary for the growth of the
botulism bacteria, because both invertebrate and verte-
brate carcasses provide a microenvironment that is ap-
propriate for bacterial growth. However, anoxic wa-
ter may cause animal die-offs that can lead to botulism
outbreaks (Wobeser 1987). (6) Die-offs of fish, birds, or
mammals from any cause, if left to rot in a wetland, can
apparently start an avian botulism outbreak (Clark 1987,
Wobeser 1987). ‘

Once there has been an initial botulism outbreak, a
secondary microcycle can begin. The toxin within the
carcasses is consumed by fly maggots, which apparently
concentrate the toxin. A duck that has eaten as few as
ten intoxicated maggots can develop avian botulism
within a few hours (Clark 1987). This secondary cycle
is the reason why the immediate and complete removal
of all animal carcasses is so important.

It is still unclear which factors precipitated the KAHO
botulism outbreak. Probable causes include:

(1) The combination of low tides during the hottest
times of the day when the ambient temperature was also
high, fostering the growth of the botulism bacteria.
However, before 1994 there were days as hot and tides
as low. The average mean daily temperature at nearby
Keahole Pt. weather station was actually lower each
month in 1994 than the average mean daily tempera-
ture each month there for the past 14 years (Neil Fujii,
Hawaii State Dept. of Land and Natural Resources).

(2) Very low rainfall which led to drought conditions.
West Hawaii was officially declared as having a drought
during 1994. In both 1993 and 1994, total yearly pre-
cipitation for Honokohau Harbor, Keahole Pt., and
Lanihau stations in the KAHO watershed was the low-
est it had been during the past 11 years (NOAA; N. Fujii,
DLNR). This probably reduced freshwater inflow into
the pond, and more importantly, indirectly reduced the
subsurface fresh water flows from upslope Hualalai. Low
rainfall also assured there would be nonexistent or small
amounts of cloud cover. The subsurface fresh water flows
keep Aimakapa, Kalokoa, and other KAHO sites brack-
ish. Significant development has occured on the slopes
of Hualalai over the last two decades, increasing the de-
forestation and altering the hydrology. In addition, wa-
ter wells are a possible source or future source of sub-
surface water depletion.

(3) Increased nutrient, pesticide, or contaminent load
brought into Aimakapa Fishpond from drainage and
cesspools in the upslope development that includes ag-
riculture, housing, and an industrial area. Although open
pit dumping of wastewater from the new sewage plant
reportedly began after the botulism outbreak, it is pos-
sible that increased nutrients in the subsurface water
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helped to promote or prolong the die-off. Changes in
nutrient and pesticides levels in the water can cause the

invertebrate population explosions and die-offs that can

lead to botulism outbreaks.

(4) Too much siltation in the pond, allowing the wa-
ter to warm more easily and anoxic conditions to de-
velop, creating fish or invertebrate die-offs. Of course,
these conditions have existed for quite a few years, ap-
parently without previous botulism outbreaks. Dead fish,
especially ‘ama’ama (mullet: Mugil cephalus), were of-
ten found along the shoreline of Aimakapa during this
outbreak. Dead awa (milkfish: Chanos chanos), palani
(eye-stripe surgeonfish: Acanthurus dussumieri), and
dead balloonfish were also found in the fishpond during
1994 and 1995. However, I also saw dead fish at
Aimakapa Fishpond during 1992 and 1993 when there
was no botulism present. Unfortunately, during the botu-
lism die-off, fish carcasses were not consistently removed
until the fall of 1994. In October 1994, 2 freshly dead
mullets from Aimakapa were confirmed to have botu-
lism type C toxin in their hearts and guts (Thierry Work,
. D.VM,, pers. comm.). _

(5) Recent management activities within the Park,
such as predator trapping, removal of some shoreline
canopy-forming trees, and other limited vegetation re-
moval, may have contributed to siltation, water heating,
and carcass availability, and may have increased the
potential for an outbreak.

(6) Infection by a new bacteriophage into the botu-
lism bacteria in West Hawaii, via migratory waterbirds
or introduced waterfowl that were maintained outdoors
where contact with wild waterbirds was possible.

Hawaiian coots were never seen, and migratory ducks
were very rarely seen in Kaloko Fishpond during my
censuses, presumably due to its current high salinity,
water depth, and inhospitable non-native shoreline veg-
etation (pers. obs.), and dead waterbirds were not found
in that fishpond during the die-off. Hawaiian stilts for-
age over a much larger area and variety of habitats than
do Hawaiian coots (Morin, pers. obs.) and this general-
ity in foraging behavior may have protected them from
getting lethal doses of botulism toxin. The Hawaiian
stilt population on Hawaii I. was impacted by the botu-
lism, but it appeared that the population had expanded
just prior to the die-off so that the mortality was not
obvious. Conversely, the Hawaiian coot population was
basically eradicated. On 12 October 1994, I counted
only 1 adult Hawaiian coot (plus a coot nest with 6 hatch-
ing eggs) at Aimakapa. Eleven Hawaiian stilts were
counted during the same census. In November 1994
after an Aimakapa census where no coots were found, a
colleague (R. David) and I estimated that fewer than 10
Hawaiian coots remained in West Hawaii and that 20 or
fewer remained on the entire island. Because there is
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no evidence that regular movements of coots occur be-
tween west Hawaii 1. and other islands in the state, and
because the pre-botulism population size on the Kona
coast was so consistent between the two major fishponds,
we were very pessimistic about the future of this popula-
tion. The genetic diversity lost in this subpopulation
during the die-off will never be known; the situation
was a unique opportunity to document the effects of a
genetic bottleneck. The coot population appears to have
recovered at Aimakapa (Fig, 3), probably due to increased
breeding on or near the site and to immigration from
other wetlands on Hawaii 1.

MANAGEMENT IMPLICATIONS

It appears that the most consistently effective man-
agement practice for controlling botulism outbreaks is
to: (1) remove and destroy all carcasses, since each de-
composing carcass is a “toxin factory” (Clark 1987). In-
spection and removal of vertebrate carcasses appears to
have controlled the botulism outbreak at Aimakapa and
allowed population recovery. On the mainland, a few
waterfowl deaths caused by electrical transmission lines
in wetlands have been sufficient to initiate botulism out-
breaks (Wobeser 1987). Surveillance must be routine
and removal must be immediate and complete, which
poses a great logistical problem when resources such as
personnel are limited and/or carcasses are spread over a
wide area. Carcasses of all vertebrate species must be
removed, and it is recommended that the carcasses be
buried with quick lime or burned. This has been the
management tool used at KAHO, where Aimakapa Fish-
pond is routinely searched for carcasses and carcasses
removed. Inspection must be done carefully so that the
waterbird harrassment inherent in such activity does not
unduly stress the birds, which can weaken sick birds, or
cause nest destruction and abandonment. Some suc--
cessful nesting did occur during the 1994 outbreak, es-
pecially by Hawaiian stilts (Morin, in prep.).

(2) Some management practices developed for in-
land freshwater botulism outbreaks, such as draining a
wetland (to prevent or halt an outbreak), or maintaining
asingle water level (to prevent an outbreak), do not trans-
fer well to intertidal, brackish water habitats where main-
taining an intact native ecosystem is a priority.

* (3) Construct or modify ponds to have smooth bot-
toms and steeply sloped sides (Clark 1987, Wobeser
1987). Altering natural wetlands may reduce botulism
but may be conterproductive if the primary goal is to
maintain a variety of waterbirds in a predominantly na-
tive (e.g., plants, invertebrates) habitat. Hawaiian coot
and stilt foraging, nesting, and behavioral requirement
are not adequately met by one simplistic pond design.

(4) Chase birds away from the area, although ha-
bituation by the birds to hazing tactics eventually makes
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the tactics ineffective (Clark 1987). Hazing was never

considered a viable option for KAHO because Aimakapa

is a primary waterbird habitat and there are few other
places for waterbirds to go. Hazing should be consid-
ered a short-term response technique, although it does
create a dilemma as to whether dispersed birds could
further disseminate bacteriophages.

(5) Pump water into the wetland so that the source of
the toxin is dispersed or placed out of reach of feeding
birds (Clark 1987). Pumping sufficient amounts of wa-
ter into a wetland also potentially could cool elevated
temperatures. Large quantities of unchlorinated fresh-
water were not available at KAHO. In addition there
were serious concerns that drastic alteration of salinity
in these brackish ponds could actually worsen the botu-
lism outbreak by causing plant, fish, or invertebrate die-
offs. Research should be directed at discovering accept-
able fishpond modifications that would allow water and
sediment to remain cooler (as much as possible) than
the temperatures known to be optimal for botulism bac-
teria growth. Water should be controlled so that exces-
sive nutrients, pesticides, salinities, or abrupt water qual-
ity or quantity changes do not allow animal die-offs to
occur, which are known to foster botulism outbreaks.

(6) Keeping water fresh by preventing aquatic inver-
tebrate or fish die-offs due to hypoxia, water stagnation,
or contaminents such as pesticides (Wobeser 1987). A
great deal of discussion at KAHO centered around the
idea of reopening the historic fishpond sluice gate, which
has been nonfunctional and silted-in for years. The idea
was meant to flush silt from the pond and freshen the
water by direct tidal action. However, this action was
never implemented for a variety of reasons, including
questions about wetland habitat changes that wouid re-
sult from altering the fishpond’s salinity by opening the
sluice gate. Wetland vegetation in Aimakapa is salt tol-
erant but not salt loving, and vegetation and insect fau-
nal changes will occur (including possibly an inverte-
brate die-off) if the salinity of the wetland is permanently
altered. Salinity changes would also affect waterbird
use of the area, since different bird species have differ-
ent salt tolerances and vegetation preferences.

Future useful management at Aimakapa might in-
clude increasing water flows by removal of vegetation
mats that currently buffer the freshwater inflows from
upslope, or the reconstruction of a sturdy operational
sluice gate to allow periodic (but not continuous) flush-
ing of silt during high outgoing tides without allowing
saltwater inflow. At Aimakapa Fishpond, restoration of
the historic sluice gate site would require a considerable
amount of digging in order to allow water flow through
the gate, because several hundred feet of silted-in pond
are covered with vegetation and would have to be re-
moved or channelized. A water gauge and monitoring,
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devices should be installed so that water depth, salinity,
pH, water and sediment temperatures, and a few other
basic parameters can be monitored continuously over
long periods of time. Perhaps more importantly, in-
creased nutrients and contaminants from outside (e.g.,
wastewater treatment plant effluent) need to be moni-
tored and possibly reduced.

(7) Waterbirds, and especially endangered waterbirds,
should be rehabilitated if at all possible during die-offs.
If waterbirds are being handled in captivity, the possi-
bility of immunizing them with toxoid (Clark 1987)
should be further studied, even though this is impracti-
cal for birds in the wild. Many sick birds can be reha-
bilitated using antitoxin and simple good animal hus-
bandry. However, depending on the numbers and types
of species involved, this can be very labor intensive and
expensive. Rehabilitation (including antitoxin admin-
istration) was done for a few KAHO birds during a few
months of the die-off (Elliott, unpubl. rep., Kaloko-
Honokohau National Historical Report, avian botulism
rehabilitation program. Kaloko-Honokohau Natl. Hist.
Park, Hi, 1994), especially because endangered species
were involved.

(8) Immunization with botulinal toxoid (Clark 1987,
Shimizu and Kondo 1987). This has not been consid-
ered an effective approach for wild birds, since it pro-
vides only temporary protection and is logistically a
nightmare to administer because the birds must be cap-
tured twice during a specified time interval. However,
this should be seriously considered in the future for en-
dangered birds brought in for rehabilitation.

Management for botulism requires that an ecosys-
tem approach be taken; the entire watershed of Hualalai
volcano is of critical importance to the coastal wetlands’
health and maintenance. New water wells and upslope
development and deforestation are prime examples of
activities which directly affect the wetlands and require
proactive input from agencies representatives in order
to educate the public.

Numerous experts have emphasized the lack of un-
derstanding that still surrounds the role of bacterioph-
ages in initiating and maintaining botulism outbreaks.
Avian botulism has been identified as a critical problem
facing Hawaiian waterbirds and it has been recom-
mended that this should be recognized in the Waterbird
Recovery Plan (Morin, unpubl. rep., Avian botulism re-
port, Kaloko-Honokohau Natl. Hist. Park, HI, 1994). It
was agreed during a 1994 interagency meeting that a
response plan(s) are needed for other epidemics as well,
and that USFWS Ecological Services should take the
lead. A response plan for avian botulism was drafted,
including these points: (1) Frequent censuses and moni-
toring of waterbirds should be conducted statewide. (2)
Other agencies and private landowners with waterbirds



32 Waterbird Botulism ® Morin

or wetlands should be alerted and educated about the
botulism problem. (3) Sick and dead waterbirds must be
removed immediately and the appropriate agencies con-
tacted in order to see if live or dead specimens should be
sent. (4) Sick waterbirds, especially endangered spe-
cies, should be isolated and rehabilitated if at all pos-
sible until the area is again “safe” for re-release. (5)
Vertebrate carcass and sick waterbird pick-ups can be
done most effectively if personnel from many agencies
and groups work together.

Whatever management actions are done, there clearly
needs to be a coordinated effort among the agencies
mandated to govern these wetlands and migratory and
endangered birds, most notably U.S. Fish and Wildlife
Service, National Park Service, National Biological Ser-
vice, and the Hawaii State Division of Forestry and Wild-
life. However, the private sector must also be actively
educated and engaged in helping with managment prob-
lems such as botulism, as evidenced by the probable botu-
lism outbreaks on private property which preceeded the
Aimakapa events. The endangered waterbirds and mi-
gratory waterfowl in West Hawaii need to be managed
as a single population due to the habitat distribution and
waterbird movements; effective management must be
statewide rather than piecemeal.
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