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Introduction

Avian botulism is a neurological disease caused by ingestion of a toxin produced by the
bacterium Clostridium botulinum. Waterfowl and shorebirds are commonly affected and may be
at greater risk of infection than many other species due to their dabbling and probing foraging
behavior (Rocke and Friend 1999). Symptoms include inability to fly followed by paralysis of the
legs. Asthe disease progresses, the inner eyelid and neck muscles are also paralyzed. Affected
birds often drown as they are no longer able to hold their heads out of the water. Losses of
waterfowl to avian botulism vary from year to year but can reach tens of thousands of birds and
historically have reached hundreds of thousands (Hunter 1971, Woodin 1987). Environmental
conditions that are favorable for C. botulinum growth and multiplication can increase the
chances of an avian botulism outbreak. These conditions can include warm, shallow water,
fluctuating water levels, high ambient temperatures, presence of vertebrate and invertebrate
carcasses, high nutrient levels, and rotting vegetation. Early detection of the disease and
removal of any carcasses found in the area can minimize outbreaks of avian botulism (Rocke
and Friend 1999).

From June to November 2025, staff and volunteers of the San Francisco Bay Bird
Observatory (SFBBO) monitored Alviso and Artesian Sloughs for the presence of avian botulism.
The survey areas are influenced by tides with fresh to brackish water. Artesian Slough also
receives freshwater effluent from the San Jose-Santa Clara Regional Wastewater Facility (SJ-SC
RWEF). The SJ-SC RWF is a wastewater treatment facility that utilizes primary, secondary, and
advanced treatment on influent wastewater before discharging freshwater effluent into
Artesian Slough. We conducted this study under contract from the City of San Jose for the SJ-SC
RWEF as part of a long-term monitoring program (the Avian Disease Prevention Program, or
ADPP) that began in 1982, and to help the SJ-SC RWF fulfill an avian disease monitoring
requirement in their regulatory discharge permit.

We received reports of highly-pathogenic avian influenza (HPAI) cases in Santa Clara and
neighboring counties beginning in early August of 2022, and HPAI outbreaks continued to be a
concern in the 2025 survey season. Additional safety measures were taken during surveys, and
monitoring for HPAI was done concurrently with botulism surveillance in Alviso and Artesian
Slough.

Methods

Between 4 June and 25 November 2025, 29 surveys of Artesian Slough were conducted by boat
and vehicle, and 26 surveys of Alviso Slough were conducted on foot, vehicle, and bike. The
Artesian Slough survey area was divided into 9 fixed sections that aid in inter-annual data
comparisons (Figs. 1-2). The Alviso Slough survey area has no section designations (Fig. 3).

Dead and diseased wildlife were collected along the survey routes whenever possible to prevent
the spread of avian disease and to reduce the severity of a potential botulism outbreak. Dead
vertebrates were kept frozen at SFBBO while awaiting proper disposal at a licensed facility (e.g.,
Koefran Services in Sacramento, California or San Jose Animal Control Services, San Jose,
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California). Sick and injured wildlife that could be captured were transported to a licensed
wildlife rehabilitation facility (Peninsula Humane Society & SPCA, San Jose, California) for first
aid, diagnosis, and treatment.

For each animal collected, captured, or observed during surveys, the date, survey section where
found, species, age, and sex (if known) were recorded. Observations of characteristic symptoms
were used to differentiate HPAI from botulism infections in biologists’ evaluations of sick birds.
Botulism infections cause a gradual paralysis in sick birds, often indicated by a flaccid neck
(Circella et al. 2019). Symptoms of HPAI infections include clumsy movements and torticollis (a
twisting of the neck), causing the bird to hold its head at abnormal angles (Kim et al. 2014).

Results

During 29 surveys between 4 June and 24 November 2025, 24 dead birds and eleven sick birds
were found within the survey area of Artesian Slough, as well as nine dead fish of an unknown
species (Table 1). Dead birds included Mallards (Anas platyrhynchos), California Gulls (Larus
californicus), and other gull species, as well as a Canada Goose (Branta canadensis), Common
Goldeneye (Bucephala clangula), and Herring Gull (Larus argentatus) (Table 2). All of the dead
vertebrates were collected for proper disposal.

Botulism Outbreak

Between 18 July and 4 August, 24 dead or sick birds were found. Among the sick gulls, lethargy
and inability to fly were the most common symptoms. One sick duck exhibited classic signs of
paralysis consistent with avian botulism. As soon as botulism was suspected, three Mallards
were submitted to the California Department of Fish and Wildlife (CDFW) Health Laboratory for
comprehensive diagnostic testing, which confirmed avian botulism Type C (Clostridium
botulinum type C detected in liver tissue) in all three Mallards and ruled out avian influenza,
salmonella, avian paramyxovirus-1, West Nile virus, Sarcocystis, and parasitic infection.
Necropsy and ancillary testing were completed at the California Animal Health and Food Safety
Laboratory (CAHFS) in San Bernardino on 18 August 2025 (official report in appendix).

Response Protocol

As soon as three or more dead or sick birds were observed during routine surveys, the San Jose
Water Treatment Facility was alerted and survey frequency was increased to twice per week in
Artesian Slough. Surveys targeted Section 9, where the majority of dead birds were found, and
staff searched the marsh for possible sources of the botulism outbreak (e.g., decomposing
carcasses). Additional surveys were conducted on 24 July, 28 July, and 7 August. No point source
was identified.

Upon notification, San Jose Water Treatment Facility staff initiated weekly driving surveys of
nearby Pond A18 and the Regional Wastewater Facility (RWF) beginning on July 23. SFBBO
coordinated closely with facility staff to ensure appropriate handling and disposal of any dead or
sick gulls detected on facility grounds. Collected carcasses were transported to the U.S. Fish and
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Wildlife Service freezer. Increased boat survey frequency at Artesian Slough continued until no
additional dead or sick birds were observed. Alviso Slough and Guadalupe Slough were not
affected by the outbreak.

Of the thirteen sick or injured birds documented during the season, eleven were captured and
transported to wildlife rehabilitation facilities. Most of these were lethargic California Gulls.
Among the California Gulls admitted to care, one was euthanized due to extensive sores and
necrotic tissue, three were euthanized due to injuries, one was found dead upon arrival with
symptoms suggestive of disease, and two recovered and were released. Two Herring Gulls and
one Mallard were also captured and transported to rehabilitation facilities; one Herring Gull and
the Mallard were euthanized, while the other Herring Gull was released. One additional sick
unidentified gull was captured and euthanized. The remaining two sick birds, a Ring-billed Gull
and an unidentified gull, were not captured.

Alviso Slough

During 26 surveys between 2 June and 25 November 2025, no dead, sick, or injured vertebrates
were observed.

Discussion

A confirmed outbreak of avian botulism Type C occurred at Artesian Slough in July 2025.
Laboratory testing confirmed the presence of Clostridium botulinum type C in three Mallards
submitted to the CDFW. The outbreak was concentrated near Section 9 of Artesian Slough,
where the majority of affected birds were detected between 18 July and 4 August. In response,
SFBBO implemented a quick response protocol that included increased survey frequency and
intensive searches for potential outbreak sources; however, no discrete point source was
identified.

The quick response actions, particularly increased monitoring effort, targeted searches, and
prompt carcass removal, likely helped limit the scope and duration of the outbreak. Early
detection and removal of carcasses is among the most effective management strategies for
preventing botulism outbreaks from escalating, as decomposing carcasses can serve as toxin
sources and attract invertebrates that concentrate botulinum toxin (Rocke and Friend 1999).
Notably, the outbreak did not spread to adjacent Alviso Slough or Guadalupe Slough.

Gull species comprised the majority of dead, sick, or injured birds detected during the survey
season, with California Gulls most frequently observed. This pattern is consistent with the high
abundance of gulls in the area and the proximity of large nesting colonies near Alviso Slough
and Artesian Slough (Ackerman et al. 2006; Robinson-Nilsen and Demers 2012; Tarjan et

al. 2019). In nearby Guadalupe Slough, observers documented 4 dead, 0 sick, and 0 injured birds
during the same six-month period.
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Other Potential Disease Factors

During the same period, researchers at Stanford University reported a spike in HI6N3 low-
pathogenicity avian influenza detected in Palo Alto wastewater from late July through August,
followed by a decline in early September. Genetic analyses indicate that this strain is similar to
viruses previously documented in gulls, sandpipers, and ducks (A. Zulli and A. Jaffe, pers.
comm.). Although the Mallards we found and submitted for diagnostic testing were negative for
avian influenza, it is possible that some of the sick birds observed during the season were
affected by this circulating low-pathogenicity strain rather than, or in addition to, botulism.

No evidence of highly pathogenic avian influenza (HPAI) was detected at Artesian Slough during
the 2025 survey season. While HPAI is not considered a transmission risk via wastewater or
treated wastewater discharge (Lucio-Forester et al. 2006), continued monitoring remains
warranted due to the potential risks avian disease outbreaks pose to domestic animals and
human health.

We recommend continued disease monitoring during warm weather periods, when waterfowl
and shorebird use is high and environmental conditions favor C. botulinum proliferation,
including warm, shallow water and elevated ambient temperatures. This season’s outbreak
underscores the value of sustained vigilance and rapid response protocols for limiting the spatial
extent and severity of disease events. Because the specific environmental and biological factors
that trigger avian botulism outbreaks remain poorly understood, early detection followed by
intensified monitoring and carcass removal remains one of the most effective management
strategies for these unpredictable events.
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Figure 1. Topographic map illustrating the sections of Artesian Slough (#1-6) and Coyote Creek
(#7-9) monitored for avian botulism and HPAI from June—November 2025. Also indicated are
the SJ-SC RWF biosolids lagoons/ponds (pink grids).
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Figure 2. Satellite imagery map of the survey sections along Artesian Slough (1-6) and Coyote
Creek (7-9) monitored for avian botulism and HPAI from June—November 2025. Also indicated
are the SJ-SC RWF biosolids lagoons/ponds.
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Figure 3. Satellite imagery map of the section of Alviso Slough monitored for avian botulism
through vehicle surveys, June—November 2025. Driving survey start/endpoint is dependent on
levee drivability.
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Table 1. Surveys of Artesian Slough from June-November 2025 and associated dead, sick or
injured birds found. Causes of injury, illness or death were unknown unless otherwise stated.
Age classes include juvenile (J), immature (I) adult (A), and unknown (U).

. Captured/

Survey Date Species Status Age Sex Collected Notes

06/09/2025 CAGU D A U Y half eaten carcass found floating near reeds

06/09/2025 CAGU S A U v Ieth_arglc and very thln,_ easy to catch; taken to
Peninsula Humane society

07/03/2025 CANG D U U Y

07/07/2025 CAGU | U U v floating at the end of.the sIough., c?|dn t move
when approached, wing looked injured

07/18/2025 CAGU S | U v lethargic, flew but only a short way, easy to
catch, could not walk

07/18/2025 CAGU S | U v lethargic, flew but only a short way, easy to
catch

07/18/2025 CAGU S | U v lethargic, flew but only a short way, easy to
catch

07/18/2025 MALL D U U Y floated near reeds

07/18/2025 MALL D u u Y floated near reeds

07/18/2025 MALL D U U Y floated near reeds

07/18/2025 CAGU D A U Y floating near reeds

07/18/2025 CAGU S | U v lethargic, flew but only a short way, easy to
catch

07/21/2025 MALL S A F v Lowgr body was paralyzed, only head was
moving

07/21/2025 MALL D U U Y floating in reeds near the other 2 Mallards

07/21/2025 MALL D U U Y floating in reeds near the other 2 Mallards

on platform, freshly dead, no obvious injuries,
07/21/2025 COGO D A M Y body in good condition
California Department of Fish and Wildlife

07/21/2025 CAGU D | U Y floating in reeds, fresh specimen
07/24/2025 MALL D A F Y fresh carcass

07/24/2025 MALL D A F Y fresh carcass

07/24/2025 MALL D A F Y fresh carcass

07/24/2025 GULL D U U Y
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Captured/

Survey Date Species Status  Age Collected Notes

07/24/2025 RBGU S U N on land, lethargic, unable to collect
07/28/2025 UNFI D u Y floating in water

07/28/2025 MALL D U Y floating in water

07/28/2025 GULL D A Y floating in water

07/28/2025 GULL S | N S:ﬂkzc;:piafr;tatiLeér\gvet, struggled to fly, with
07/28/2025 GULL S | v zfrr;tgugrlztjj, tvge;ctlywith unkempt feathers,
08/04/2025 MALL D u Y floating in reeds

08/04/2025 CAGU D | Y floating in reeds

08/07/2025 UNFI D u Y floating in reeds

08/11/2025 CAGU D | Y floating in the reeds

09/03/2025 CAGU D A Y carcass found on boat ramp, likely predated
09/08/2025 CAGU D | Y

09/08/2025 UNDU D U Y collected, too decomposed to ID
09/15/2025 UNFI D u Y floating in the middle of the slough
09/15/2025 UNFI D u Y floating in the middle of the slough
09/15/2025 UNFI D U Y floating in the middle of the slough
10/02/2025  CAGU s Y approsthed or caught.Taken t rescue,
10/06/2025 UNFI D u Y floating in slough

10/06/2025 UNFI D U Y floating in slough

10/06/2025 UNFI D u Y floating in slough

10/06/2025 UNFI D U Y floating in slough

10/21/2025 HERG D A Y found in water, collected

10/21/2025 GULL D A Y found in water, collected

11/03/2025 HERG | | v ZTE:rt\:I)i:Z away, but couldn't; looked healthy
11/24/2025 HERG S A v captured and transported to the WCSV; weak,

lethargic, could not fly
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Table 2. Fate of vertebrates found in Artesian Slough from June to November 2025.

Fate at Rehab

Not

Species Dead Sick Injured Captured Euthanized Dead Released
California Gull 7 6 1 - 4 1 2
Canada Goose 1 - - - - - -

Common Goldeneye 1 - - - - - -

Gull sp. 3 2 - 1 1 - -

Ring-billed gull - 1 - 1 - - -

Herring Gull 1 1 1 - 1 - 1
Mallard 10 1 - - 1 - -
Unidentified duck 1 - - - - - -
Unidentified fish 9 - - - - - -
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Appendix A: Pathology Report

WILDLIFE HEALTH LABORATORY
California Department of Fish and Wildlife
1701 Nimbus Road, Suite D
Rancho Cordova, CA 95670

Phone: (916) 358-2790/Fax: (916) 358-2814
Necropsy Report

CALIFORNIA

FIsH &
WILOLIFE

FINDINGS MAY NOT BE DISTRIBUTED OR PUBLISHED WITHOUT CDFW & PATHOLOGIST
PERMISSIONS - FINAL RESULTS -

WHL Case ID: 725-0704 Species: Mallard Animal ID: none

Collection: 7/24/2025 Submission: 7/30/2025 Sex: see below Age: see below

City, County, State: San Jose, Santa Clara Co., CA Postmortem Condition: Moderate

Submitter Information: Laboratory Contact:

San Francisco Bay Bird Observatory Krysta Rogers

524 Valley Way Wildlife Health Laboratory

Milpitas, CA California Dept. of Fish and Wildlife

Email: Krysta.Rogers@wildlife.ca.gov

Clinical History: Increased illness and death of ducks and gulls was observed in the
Artesian Slough adjacent to the San Jose Water Pollution Control Plant, San Jose,
California in Santa Clara County on July 16, 2025. Approximately 22 birds were reported
including California gulls (~12), mallard ducks (~9), and a goldeneye duck (1). Reportedly
the birds were acting lethargic and reluctant to move; a duck was described as unable
to move except for its head. Three (3) mallard ducks were collected from the slough on
July 24 and stored frozen until submitted to the CDFW WHL on July 30, 2025.

Summary of Findings: At WHL, the three (3) ducks are assigned case numbers 725-0704.1
(adult), .2 (adult), and .3 (juvenile). A gross and histological examination is conducted on
birds .1 and .2 at the California Animal Health and Food Safety Laboratory (CAHFS), San
Bernardino, CA.

125-0704.1: adult male, weighs 1.13 kg at necropsy. The duck is in fair nutritional condition
with trace adipose tissue reserves. Multifocally, there are myriads of ~5 x 2 mm, rice grain-
shaped nodules in the breast muscles; these structures are present to a much lesser
extent in most of the skeletal muscles evaluated. The lungs are dark-red and wet, and
sections float in formalin. The syringeal bulla contains viscous material. All else is
unremarkable. Histologically, an approximately 0.3 mm thin-walled cyst with fine septa
and basophilic bradyzoites are present in the skeletal muscle (pectoral and muscle
adjacent to the trachea). There are minimal aggregates of karyorrhectic leukocytes
around some of the cysts. The muscle cysts resemble Sarcocystis rileyi, a protozoan
parasite commonly reported in ducks. No significant findings are noted.
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125-0704.2: adult female, weighs 1.16 kg at necropsy. The duck is in good nuftritional
condifion with well-developed muscles and fair amounts of adipose tissue reserves. The
lungs are pink and spongy, and sections float in formalin. All else is unremarkable. No
significant findings are noted on histology.

Laboratory Findings/Diagnosis: Avian botulism type C

Ancillary testing:

- Avian influenza not detected by PCR (oropharyngeal/cloacal
swabs) - Clostridium botulinum type C detected (liver tissue)

- Aerobic bacterial culture: mixed colonies including Acinetobacter sp.,
Aeromonas veronii, Lactococcus lactis, and Escherichia coli (lung & liver
swabs)

- Salmonella not detected by PCR (liver fissue)

- Avian paramyxovirus-1 not detected by PCR (oropharyngeal/cloacal swabs)

- West Nile virus not detected by PCR (kidney fissue)

- Sarcocystis falcatula/neurona not detected by immunohistochemistry (muscle
tissue) - Fecal exam: no parasite eggs detected (fecal floatation)

Comments: The cause of death for the mallard ducks was avian botulism type C.
Type C boftulinum toxin was detected in the liver tissue of the ducks.

Avian botulism is caused by a naturally occurring toxin produced by the bacterium
Clostridium botulinum. The spores of Clostridium botulinum are widespread in the
environment and may persist for long periods in soil and wetland sediments until the
spores germinate and produce the botulinum toxin as a byproduct. Environmental
conditions that may increase the likelihood of an avian botulism outbreak include warm
to hot temperatures (typically 77°F and higher), shallow water, and algal blooms or other
decaying organic matter creating anaerobic (oxygen depleted) conditions favoring
bacterial growth. Decaying organic matter, including the tissues of dead animals, can
provide nutrients for bacterial growth and subsequent toxin production. Birds may
inadvertently ingest the toxin when feeding in areas with toxin-producing

bacteria. Additionally, insect larvae that feed on dead animal fissues accumulate toxin in
their bodies. Birds may eat toxin-contaminated fly maggots, beetle larvae, and other
invertebrates. Once a bird ingests the toxin, it binds to the nerve endings causing bilateral
progressive paralysis.

Avian botulism type C outbreaks are most often associated with fresh water or brackish
water habitats where waterfowl or other waterbirds may congregate. This may include
larger bodies of water such as lakes and reservoirs to smaller bodies of water such as park
ponds, sewage treatment plants, and sections of slow-moving rivers or creeks with shallow,
pooled water. Since the environmental conditions that favor bacterial growth occur
during warmer temperatures, avian bofulism outbreaks are most offen documented
during the warmest months of the year in summer and fall. Outbreaks during winter are
less common but can occur if temperatures are unusually high.

Necropsy and ancillary testing completed at CAHFS, San Bernardino on
8/18/2025. Summary report completed on 9/2/2025.
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