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ABSTRACT

In the fall of 2001 reports of avian morbidity and mortality events were received by the Maryland
Department of Natural Resources (MD DNR), US Fish & Wildlife Service (FWS), and Tri-State Bird
Rescue and Research (TSBRR). During this time, three separate dieoffs were documented which
included waterfowl, gulls, and colonial waterbirds. At a private waterfowl sanctuary in Queen Anne’s
County, approximately 12 captive waterfowl died over a 2 week period. At Poplar Island in Talbot
County, it is estimated that approximately 100 birds of different species had died. In the third event,
at least 9 great blue herons (Ardea herodias) were documented dead or dying from three counties. All
events showed evidence of a connection with a water bloom of the cyanobacterium (blue-green algae)
Microcystis. This report will summarize findings of the GBH event.

INVESTIGATION

The great blue heron (GBH; Figure 1) population is stable in the Chesapeake Bay. These
majestic colonial water birds are symbolic of wetland and Bay health and a welcome sign to
visitors enjoying the Eastern Shore of Maryland. On October 5, 2001, the first GBH was
collected from Poplar Island (Figure 2). Throughout the next 2 months, 2 birds were found in
Anne Arundel County, and 6 in Queen Anne’s County (Figure 2). Most live birds were taken to
the TSBRR facility in Newark, DE. Birds presented with clinical signs of emaciation, lethargy,
inability to fly, and an unusually hard abdomen. Upon admission to the rehabilitation facility
the blood profiles (Table 1) revealed anemia and varying degrees of hypoproteinemia, and all
birds were dehydrated and depressed, were in lateral recumbency, and had profuse diarrhea. At
least two birds were in respiratory distress. Due to poor prognosis, euthanasia was performed
and necropsies were conducted on all birds (Table 2).

On October 18, 2001 a GBH was euthanized and sent to the National Wildlife Health Center,
Madison, WI, for a post-mortem examination. Remaining birds were necropsied at the MD DNR
Cooperative Oxford Laboratory or at TSBRR. Consistent necropsy findings included emaciation,
decreased muscle mass, pale muscle color, fat atrophy, gastro-intestinal parasitism, and excessive
deposits of waxy yellow fat in the abdomen, subcutis, and throughout the body cavity (Figures 3 and
4). A gross necropsy diagnosis of steatitis was determined to be the consistent finding in all
carcasses. Selected tissues were sent to the Armed Forces Institute of Pathology for histopathological
confirmation of steatitis (Figure 5).

Steatitis is defined as an inflammation of adipose tissue . In mammals, it is associated with a
deficiency of Vitamin E and /or Selenium. Vitamin E and selenium have antioxidant properties and are
essential to cell membrane integrity?. Interaction between Vitamin E / Selenium and dietary
unsaturated lipids likely play a role in the pathogenesis of steatitis though the exact mechanism is
unknown. In birds, this condition is suspected to be caused by a diet high in rancid or oily fish
containing polyunsaturated fats®. Steatitis has been reported in several other bird species (black
crowned night heron Nycticorax nycticorax, osprey Pandion Haliaetus, double crested cormorant
Phalocrocorax auritus).3456

Concurrent with gross necropsy findings, was the finding of unusually large counts of the
cyanobacterium (blue-green algae) Microcystis plus some other cyanobacteria and algae. Microcystis
is known to produce the potent cyclic peptide toxins called Microcystins. These potential toxin
producers were found in water samples collected from the three die-off locales (Figure 2).
Microcystins are hepatatoxins produced by at least two Microcystis sp. and several other genera of
cyanobacteria. These potent toxins are known to be toxic to fish, mammals (including humans), and
birds through skin contact, ingestion, and possibly inhalation 7£. Microcystis sp. are part of a group of
microorganisms that are responsible for harmful algal blooms (HABs; Figure 6) that include: red tides,
paralytic and neurotoxic shellfish poisoning, Pfiesteria, etc.
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While analysis of all bird tissues was the goal, due to monetary constraints, only the tissues from those
birds dying in the GBH event were tested for microcystin. Liver samples from six of the eight GBH in
custody were sent to Wright State University for cyanobacterial toxin identification using immunoassay
(ELISA), plus liquid chromatography/mass spectrophotometry (LC/MS). Results of the ELISA and
LC/MS toxin analyses detected microcystin in 5 of the 6 samples. Toxic levels of microcystin known to
cause acute lethal toxicosis were found in 4 of the 6 tissue samples (Table 1). The significance of these
findings is currently under investigation. Monitoring of bird populations in this geographic area is on-
going and will be conducted over the next few years, depending on the level of funding available.
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Rescue and Research (TSBRR). During this time, three separate dieoffs were documented which
included waterfowl, gulls, and colonial waterbirds. At a private waterfowl sanctuary in Queen Anne’s
County, approximately 12 captive waterfowl died over a 2 week period. At Poplar Island in Talbot
County, it is estimated that approximately 100 birds of different species had died. In the third event,
at least 9 great blue herons (Ardea herodias) were documented dead or dying from three counties. All
events showed evidence of a connection with a water bloom of the cyanobacterium (blue-green algae)
Microcystis. This report will summarize findings of the GBH event.
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The great blue heron (GBH; Figure 1) population is stable in the Chesapeake Bay. These
majestic colonial water birds are symbolic of wetland and Bay health and a welcome sign to
visitors enjoying the Eastern Shore of Maryland. On October 5, 2001, the first GBH was
collected from Poplar Island (Figure 2). Throughout the next 2 months, 2 birds were found in
Anne Arundel County, and 6 in Queen Anne’s County (Figure 2). Most live birds were taken to
the TSBRR facility in Newark, DE. Birds presented with clinical signs of emaciation, lethargy,
inability to fly, and an unusually hard abdomen. Upon admission to the rehabilitation facility
the blood profiles (Table 1) revealed anemia and varying degrees of hypoproteinemia, and all
birds were dehydrated and depressed, were in lateral recumbency, and had profuse diarrhea. At
least two birds were in respiratory distress. Due to poor prognosis, euthanasia was performed
and necropsies were conducted on all birds (Table 2).

On October 18, 2001 a GBH was euthanized and sent to the National Wildlife Health Center,
Madison, WI, for a post-mortem examination. Remaining birds were necropsied at the MD DNR
Cooperative Oxford Laboratory or at TSBRR. Consistent necropsy findings included emaciation,
decreased muscle mass, pale muscle color, fat atrophy, gastro-intestinal parasitism, and excessive
deposits of waxy yellow fat in the abdomen, subcutis, and throughout the body cavity (Figures 3 and
4). A gross necropsy diagnosis of steatitis was determined to be the consistent finding in all
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Steatitis is defined as an inflammation of adipose tissue 1.
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While analysis of all bird tissues was the goal, due to monetary constraints, only the tissues from those
birds dying in the GBH event were tested for microcystin. Liver samples from six of the eight GBH in
custody were sent to Wright State University for cyanobacterial toxin identification using immunoassay
(ELISA), plus liquid chromatography/mass spectrophotometry (LC/MS). Results of the ELISA and
LC/MS toxin analyses detected microcystin in 5 of the 6 samples. Toxic levels of microcystin known to
cause acute lethal toxicosis were found in 4 of the 6 tissue samples (Table 1). The significance of these
findings is currently under investigation. Monitoring of bird populations in this geographic area is on-
going and will be conducted over the next few years, depending on the level of funding available.
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In mammals, it is associated with a

Table 1. Blood/tissue chemistry and Body Condition Index (BCI) for 6 great blue
herons collected from the Chesapeake Bay during the Fall 2001

HCT/BCT
ID# [SEX | Locaion [Wgt| TS |BCI Heavy | OC | Blood |Microcystin®

(@) * |®| Metals | ** |Chemistry (ng/g)

(lead only)
Poplarls. _[1270| 23/2/3.0| 2 | Normal | Neg | Normal BDL®
M | Centervile [2270] NA [ 3| Normal | Neg | Normal 485
M | CarsCrk. |2245(12/1+/32/3| NA | NA| NA 165

(@n&Fe)
WIAHE25| M | CarrsCrk. |2905|18/1+/1.6{ 4 | High | Neg | Normal 143
WHAHE24| M | Stevensvile [2960[20/2+/3.0] 4 | Normal | Neg | Normal 125
WHAHE27| M l2610] nA [3] NA [ NA| NA 095

*HCT = Hematocrit (% red blood cells)
BC = Buffy coat (% white blood cells)
TS = Total solids expressed in g/dL

**BCl = Body Condition Index, scale of 1-5 (1 = emaciated, 3 = normal, 5 = faf)

*=Organochiorine =GC/MS/GC screens that detect insecticides (organophosphates,
and strychnie,

environmental contaminants.

Table 2. Case summaries (5 GBHs presented to TSBRR)

Presentation
+Not standing (5/5)

+Yellow-brown diarrhea (5/5)

«Firm, “ropey” abdomen (5/5)  Open wound on back (1/5)

«Agonal respiration (1/5) « Covered in mud (1/5)
Treatment on entry
*Hetastarch PO (2/3)

+2.5% Dextrose in Lactated Ringer’s Solution, 35-40cc 1V (3/3)

*Dexamethasone 3mg/kg (1/3)

On-going care
lvermectin 0.2mg/kg SQ once (1/3) *Metronidazole 50mg/kg PO BID (3/3)

Vit E 2001U PO BID (2/3) «Selenium 200mcg PO SID (1/3)

«Gavage feed prn (3-5% of body weight, up to 3x/day) if not self-feeding on fish (3/3)
Time in care (avg.. = 3 days; range = 0-7 days)

WHAHE20 5 days--euthanized (moribund) WHAHE22 euthanized on arrival (agonal)

WHAHE16 3 days--died WHAHE25 7 days--euthanized (agonal)

WHAHE?24 euthanized on arrival (agonal)

1V = intravenously SQ = subcutaneously BID = twice daily

deficiency of Vitamin E and /or Selenium. Vitamin E and selenium have antioxidant properties and are
essential to cell membrane integrity2. Interaction between Vitamin E / Selenium and dietary
unsaturated lipids likely play a role in the pathogenesis of steatitis though the exact mechanism is
unknown. In birds, this condition is suspected to be caused by a diet high in rancid or oily fish
containing polyunsaturated fats®. Steatitis has been reported in several other bird species (black
crowned night heron Nycticorax nycticorax, osprey Pandion Haliaetus, double crested cormorant
Phalocrocorax auritus).3456

Concurrent with gross necropsy findings, was the finding of unusually large counts of the
cyanobacterium (blue-green algae) Microcystis plus some other cyanobacteria and algae. Microcystis
is known to produce the potent cyclic peptide toxins called Microcystins. These potential toxin
producers were found in water samples collected from the three die-off locales (Figure 2).
Microcystins are hepatatoxins produced by at least two Microcystis sp. and several other genera of
cyanobacteria. These potent toxins are known to be toxic to fish, mammals (including humans), and
birds through skin contact, ingestion, and possibly inhalation 8. Microcystis sp. are part of a group of
microorganisms that are responsible for harmful algal blooms (HABs; Figure 6) that include: red tides,
paralytic and neurotoxic shellfish poisoning, Pfiesteria, etc.

PO = per os (orally)

SID = once daily

Prn = as indicated

5. Add any tables that summarize your findings
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visitors enjoying the Eastern Shore of Maryland. On October 5, 2001, the first GBH was
collected from Poplar Island (Figure 2). Throughout the next 2 months, 2 birds were found in
Anne Arundel County, and 6 in Queen Anne’s County (Figure 2). Most live birds were taken to
the TSBRR facility in Newark, DE. Birds presented with clinical signs of emaciation, lethargy,
inability to fly, and an unusually hard abdomen. Upon admission to the rehabilitation facility
the blood profiles (Table 1) revealed anemia and varying degrees of hypoproteinemia, and all
birds were dehydrated and depressed, were in lateral recumbency, and had profuse diarrhea. At
least two birds were in respiratory distress. Due to poor prognosis, euthanasia was performed
and necropsies were conducted on all birds (Table 2).

On October 18, 2001 a GBH was euthanized and sent to the National Wildlife Health Center,
Madison, WI, for a post-mortem examination. Remaining birds were necropsied at the MD DNR
Cooperative Oxford Laboratory or at TSBRR. Consistent necropsy findings included emaciation,
decreased muscle mass, pale muscle color, fat atrophy, gastro-intestinal parasitism, and excessive
deposits of waxy yellow fat in the abdomen, subcutis, and throughout the body cavity (Figures 3 and
4). A gross necropsy diagnosis of steatitis was determined to be the consistent finding in all
carcasses. Selected tissues were sent to the Armed Forces Institute of Pathology for histopathological
confirmation of steatitis (Figure 5).
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Figure 2. Location of avian mortality events, harmful algal
blooms, and sites where debilitated great blue heron were
collected in the Chesapeake Bay during the Fall 2001.

Figure 1. Great blue heron (Ardea herodias)
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Steatitis is defined as an inflammation of adipose tissue . In mammals, it is associated with a
deficiency of Vitamin E and /or Selenium. Vitamin E and selenium have antioxidant properties and are
essential to cell membrane integrity?. Interaction between Vitamin E / Selenium and dietary
unsaturated lipids likely play a role in the pathogenesis of steatitis though the exact mechanism is
unknown. In birds, this condition is suspected to be caused by a diet high in rancid or oily fish
containing polyunsaturated fats3. Steatitis has been reported in several other bird species (black
crowned night heron Nycticorax nycticorax, osprey Pandion Haliaetus, double crested cormorant
Phalocrocorax auritus).3458

Concurrent with gross necropsy findings, was the finding of unusually large counts of the
cyanobacterium (blue-green algae) Microcystis plus some other cyanobacteria and algae. Microcystis
is known to produce the potent cyclic peptide toxins called Microcystins. These potential toxin
producers were found in water samples collected from the three die-off locales (Figure 2).
Microcystins are hepatatoxins produced by at least two Microcystis sp. and several other genera of
cyanobacteria. These potent toxins are known to be toxic to fish, mammals (including humans), and
birds through skin contact, ingestion, and possibly inhalation 7. Microcystis sp. are part of a group of
microorganisms that are responsible for harmful algal blooms (HABs; Figure 6) that include: red tides,
paralytic and neurotoxic shellfish poisoning, Pfiesteria, etc.

While analysis of all bird tissues was the goal, due to monetary constraints, only the tissues from those
birds dying in the GBH event were tested for microcystin. Liver samples from six of the eight GBH in
custody were sent to Wright State University for cyanobacterial toxin identification using immunoassay
(ELISA), plus liquid chromatography/mass spectrophotometry (LC/MS). Results of the ELISA and
LC/MS toxin analyses detected microcystin in 5 of the 6 samples. Toxic levels of microcystin known to
cause acute lethal toxicosis were found in 4 of the 6 tissue samples (Table 1). The significance of these
findings is currently under investigation. Monitoring of bird populations in this geographic area is on-
going and will be conducted over the next few years, depending on the level of funding available.

Figure 4. View of GBH body cavity showing

Figure 3. External view of GBH abdomen o
extensive subcutaneous and abdominal fat deposits.

with fat deposits visible through the skin.

Figure 5. Microscopic view of extensive fat cells
(arrows) throughout liver tissue. H&E stain 400x.
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Figure 6. Cyanobacterial bloom where several
debilitated GBH were found in 2001.
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Table 1. Blood/tissue chemistry and Body Condition Index (BCI) for 6 great blue
herons collected from the Chesapeake Bay during the Fall 2001
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*HCT = Hematocrit (% red blood cells)
BC = Buffy coat (% white blood cells)
TS = Total solids expressed in g/dL

**BCI = Body Condition Index, scale of 1-5 (1 = emaciated, 3 = normal, 5 = faf)

*=Organochiorine =GC/MS/GC screens that detect insecticides (organophosphates,
and

strychnine,
environmental contaminants.

Table 2. Case summaries (5 GBHs presented to TSBRR)

*Not standing (5/5)

+Yellow-brown diarrhea (5/5)

*Dexamethasone 3mg/kg (1/3)
+2.5% Dextrose in Lactated Ringer’s Solution, 35-40cc 1V (3/3)

lvermectin 0.2mg/kg SQ once (1/3)
«Vit E 2001U PO BID (2/3)
«Gavage feed prn (3-5% of body weight, up to 3x/day) if not self-feeding on fish (3/3)

WHAHE20 5 days--euthanized (moribund)
WHAHEL16 3 days--died
WHAHE?24 euthanized on arrival (agonal)

PO = per os (orally)

Presentation
Firm, “ropey” abdomen (5/5) * Open wound on back (1/5)
«Agonal respiration (1/5) « Covered in mud (1/5)
Treatment on entry

*Hetastarch PO (2/3)

On-going care
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«Selenium 200mcg PO SID (1/3)
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V = intravenously SQ = subcutaneously BID = twice daily

SID = once daily Prn = as indicated
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Rescue and Research (TSBRR). During this time, three separate dieoffs were documented which
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and necropsies were conducted on all birds (Table 2).

-
T
s
= -
. :
T 3 *
. Chwtapass Bay g e £ a8 7501

Figure 1. Great blue heron (Ardea herodias) Figure 2. Location of avian mortality events, harmful algal

blooms, and sites where debilitated great blue heron were
collected in the Chesapeake Bay during the Fall 2001.
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Cindy P. Driscoll D.V.M., Maryland Department of Natural Resources Fish and Wildlife Health Program, Oxford, Maryland
Peter C. McGowan, U.S. Fish and Wildlife Service, Chesapeake Bay Field Office, Annapolis, Maryland
Erica A. Miller D.V.M., Tri-State Bird Rescue and Research Inc., Newark, Delaware

Wayne W. Carmichael Ph.D., Department of Biological Sciences,Wright State University, Dayton, Ohio

On October 18, 2001 a GBH was euthanized and sent to the National Wildlife Health Center,
Madison, WI, for a post-mortem examination. Remaining birds were necropsied at the MD DNR
Cooperative Oxford Laboratory or at TSBRR. Consistent necropsy findings included emaciation,
decreased muscle mass, pale muscle color, fat atrophy, gastro-intestinal parasitism, and excessive
deposits of waxy yellow fat in the abdomen, subcutis, and throughout the body cavity (Figures 3 and
4). A gross necropsy diagnosis of steatitis was determined to be the consistent finding in all
carcasses. Selected tissues were sent to the Armed Forces Institute of Pathology for histopathological
confirmation of steatitis (Figure 5).
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Figure 3. External view of GBH abdomen
with fat deposits visible through the skin.

Figure 4. View of GBH body cavity showing
extensive subcutaneous and abdominal fat deposits.

Steatitis is defined as an inflammation of adipose tissue . In mammals, it is associated with a
deficiency of Vitamin E and /or Selenium. Vitamin E and selenium have antioxidant properties and are
essential to cell membrane integrity2. Interaction between Vitamin E / Selenium and dietary
unsaturated lipids likely play a role in the pathogenesis of steatitis though the exact mechanism is
unknown. In birds, this condition is suspected to be caused by a diet high in rancid or oily fish
containing polyunsaturated fats3. Steatitis has been reported in several other bird species (black
crowned night heron Nycticorax nycticorax, osprey Pandion Haliaetus, double crested cormorant
Phalocrocorax auritus).3456

Concurrent with gross necropsy findings, was the finding of unusually large counts of the
cyanobacterium (blue-green algae) Microcystis plus some other cyanobacteria and algae. Microcystis
is known to produce the potent cyclic peptide toxins called Microcystins. These potential toxin
producers were found in water samples collected from the three die-off locales (Figure 2).
Microcystins are hepatatoxins produced by at least two Microcystis sp. and several other genera of
cyanobacteria. These potent toxins are known to be toxic to fish, mammals (including humans), and
birds through skin contact, ingestion, and possibly inhalation 78. Microcystis sp. are part of a group of
microorganisms that are responsible for harmful algal blooms (HABs; Figure 6) that include: red tides,
paralytic and neurotoxic shellfish poisoning, Pfiesteria, etc.
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Figure 6. Cyanobacterial bloom where several
debilitated GBH were found in 2001.

Figure 5. Microscopic view of extensive fat cells
(arrows) throughout liver tissue. H&E stain 400x.

While analysis of all bird tissues was the goal, due to monetary constraints, only the tissues from those
birds dying in the GBH event were tested for microcystin. Liver samples from six of the eight GBH in
custody were sent to Wright State University for cyanobacterial toxin identification using immunoassay
(ELISA), plus liquid chromatography/mass spectrophotometry (LC/MS). Results of the ELISA and
LC/MS toxin analyses detected microcystin in 5 of the 6 samples. Toxic levels of microcystin known to
cause acute lethal toxicosis were found in 4 of the 6 tissue samples (Table 1). The significance of these
findings is currently under investigation. Monitoring of bird populations in this geographic area is on-
going and will be conducted over the next few years, depending on the level of funding available.
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Table 1. Blood/tissue chemistry and Body Condition Index (BCI) for 6 great blue
herons collected from the Chesapeake Bay during the Fall 2001

[HCT/BC
ID# [SEX | Location [Wgt| TS |BCI Heavy |OC | Blood i
(@) * |®| Metals | ** |Chemistry (ng/g)

(lead only)
Poplarls. [1270/23/2/30| 2 | Nomal | Neg | Normal | BDL®

M | Centenile |2270| NA | 3| Nomal | Neg | Nomal | 485

M | carschk |2oashonvszla| NA | NA | NA 165

@Znare)

WIAHE25| M | CarsCik [2005/18/1+/16{ 4 | High | Neg | Nomal | 143
WHAHE24| M | Stevensvile |2960[20/2+/3.0{ 4 | Normal | Neg | Nommal | 125
WHAHE27] M le6i0] nwA [3] nNA [ NA| NA 095

*HCT = Hematocrit (% red blood cells)
BC = Buffy coat (% white blood cells)
TS = Total solids expressed in g/dL

**BCI = Body Condition Index, scale of 1-5 (1 = emaciated, 3 = normal, 5 = faf)

*=Organochiorine =GC/MS/GC screens that detect insecticides (organophosphates,
and strychnie,

environmental contaminants.

Table 2. Case summaries (5 GBHs presented to TSBRR)

Presentation
*Not standing (5/5)

+Yellow-brown diarrhea (5/5)

Firm, “ropey” abdomen (5/5) * Open wound on back (1/5)

«Agonal respiration (1/5) « Covered in mud (1/5)
Treatment on entry

*Dexamethasone 3mg/kg (1/3) *Hetastarch PO (2/3)

+2.5% Dextrose in Lactated Ringer’s Solution, 35-40cc 1V (3/3)
On-going care
lvermectin 0.2mg/kg SQ once (1/3) *Metronidazole 50mg/kg PO BID (3/3)
«Vit E 2001U PO BID (2/3) «Selenium 200mcg PO SID (1/3)
~Gavage feed prn (3-5% of body weight, up to 3x/day) if not self-feeding on fish (3/3)
Time in care (avg.. = 3 days; range = 0-7 days)
WHAHE20 5 days--euthanized (moribund) ~ WHAHE22 euthanized on arrival (agonal)
WHAHE16 3 days--died WHAHE25 7 days--euthanized (agonal)
WHAHE?24 euthanized on arrival (agonal)

IV = intravenously SQ = subcutaneously BID = twice daily

Prn = as indicated

PO = per os (orally) SID = once daily
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Case Report: Great Blue Heron (Ardea herodias) Morbidity and Mortality Investigation in Maryland’s Chesapeake Bay

ABSTRACT

In the fall of 2001 reports of avian morbidity and mortality events were received by the Maryland
Department of Natural Resources (MD DNR), US Fish & Wildlife Service (FWS), and Tri-State Bird
Rescue and Research (TSBRR). During this time, three separate dieoffs were documented which
included waterfowl, gulls, and colonial waterbirds. At a private waterfowl sanctuary in Queen Anne’s
County, approximately 12 captive waterfowl died over a 2 week period. At Poplar Island in Talbot
County, it is estimated that approximately 100 birds of different species had died. In the third event,
at least 9 great blue herons (Ardea herodias) were documented dead or dying from three counties. All
events showed evidence of a connection with a water bloom of the cyanobacterium (blue-green algae)
Microcystis. This report will summarize findings of the GBH event.

INVESTIGATION

The great blue heron (GBH; Figure 1) population is stable in the Chesapeake Bay. These
majestic colonial water birds are symbolic of wetland and Bay health and a welcome sign to
visitors enjoying the Eastern Shore of Maryland. On October 5, 2001, the first GBH was
collected from Poplar Island (Figure 2). Throughout the next 2 months, 2 birds were found in
Anne Arundel County, and 6 in Queen Anne’s County (Figure 2). Most live birds were taken to
the TSBRR facility in Newark, DE. Birds presented with clinical signs of emaciation, lethargy,
inability to fly, and an unusually hard abdomen. Upon admission to the rehabilitation facility
the blood profiles (Table 1) revealed anemia and varying degrees of hypoproteinemia, and all
birds were dehydrated and depressed, were in lateral recumbency, and had profuse diarrhea. At
least two birds were in respiratory distress. Due to poor prognosis, euthanasia was performed
and necropsies were conducted on all birds (Table 2).
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Figure 1. Great blue heron (Ardea herodias) Figure 2. Location of avian mortality events, harmful alg
blooms, and sites where debilitated great blue heron were

collected in the Chesapeake Bay during the Fall 2001.
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MICROCYSTIN FACTS

Microcystins are cyanobacterial hepatotoxins found in a number of cyanobacterial genera, are
widespread worldwide, favor inland waters and nutrient-rich, warm brackish waters.

» Approximately 65 microcystin toxins identified; those tested in this investigation (i.e.
microcystin-LR) are tumor promoters

» Toxins are very stable in the environment and occur in highest concentration during summer and
fall; toxins are found in the cell and free in the water

» Wildlife exposure through several pathways including: ingestion, inhalation and dermal contact

> Clinical symptoms of microcystin poisoning in wild animals include: weakness, anorexia,
reluctance to move, pallor of the extremities and mucous membranes. Death usually occurs within
haurs to days and is preceded by coma, muscle tremors, and general distress

8. Add any “facts” in text boxes

Peter C. McGowan, U.S. Fish and Wildlife Service, Chesapeake Bay Field Office, Annapolis, Maryland

Erica A. Miller D.V.M., Tri-State Bird Rescue and Research Inc., Newark, Delaware

Wayne W. Carmichael Ph.D., Department of Biological Sciences,Wright State University, Dayton, Ohio

On October 18, 2001 a GBH was euthanized and sent to the National Wildlife Health Center,
Madison, WI, for a post-mortem examination. Remaining birds were necropsied at the MD DNR
Cooperative Oxford Laboratory or at TSBRR. Consistent necropsy findings included emaciation,
decreased muscle mass, pale muscle color, fat atrophy, gastro-intestinal parasitism, and excessive
deposits of waxy yellow fat in the abdomen, subcutis, and throughout the body cavity (Figures 3 and
4). A gross necropsy diagnosis of steatitis was determined to be the consistent finding in all
carcasses. Selected tissues were sent to the Armed Forces Institute of Pathology for histopathological
confirmation of steatitis (Figure 5).

Figure 4. View of GBH body cavity showing
extensive subcutaneous and abdominal fat deposits.

Figure 3. External view of GBH abdomen
with fat deposits visible through the skin.

Steatitis is defined as an inflammation of adipose tissue . In mammals, it is associated with a
deficiency of Vitamin E and /or Selenium. Vitamin E and selenium have antioxidant properties and are
essential to cell membrane integrity2. Interaction between Vitamin E / Selenium and dietary
unsaturated lipids likely play a role in the pathogenesis of steatitis though the exact mechanism is
unknown. In birds, this condition is suspected to be caused by a diet high in rancid or oily fish
containing polyunsaturated fats3. Steatitis has been reported in several other bird species (black
crowned night heron Nycticorax nycticorax, osprey Pandion Haliaetus, double crested cormorant
Phalocrocorax auritus).3456

Concurrent with gross necropsy findings, was the finding of unusually large counts of the
cyanobacterium (blue-green algae) Microcystis plus some other cyanobacteria and algae. Microcystis
is known to produce the potent cyclic peptide toxins called Microcystins. These potential toxin
producers were found in water samples collected from the three die-off locales (Figure 2).
Microcystins are hepatatoxins produced by at least two Microcystis sp. and several other genera of
cyanobacteria. These potent toxins are known to be toxic to fish, mammals (including humans), and
birds through skin contact, ingestion, and possibly inhalation 78. Microcystis sp. are part of a group of
microorganisms that are responsible for harmful algal blooms (HABs; Figure 6) that include: red tides,
paralytic and neurotoxic shellfish poisoning, Pfiesteria, etc.
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Figure 6. Cyanobacterial bloom where several

Figure 5. Microscopic view of extensive fat cells
debilitated GBH were found in 2001.

(arrows) throughout liver tissue. H&E stain 400x.

While analysis of all bird tissues was the goal, due to monetary constraints, only the tissues from those
birds dying in the GBH event were tested for microcystin. Liver samples from six of the eight GBH in
custody were sent to Wright State University for cyanobacterial toxin identification using immunoassay
(ELISA), plus liquid chromatography/mass spectrophotometry (LC/MS). Results of the ELISA and
LC/MS toxin analyses detected microcystin in 5 of the 6 samples. Toxic levels of microcystin known to
cause acute lethal toxicosis were found in 4 of the 6 tissue samples (Table 1). The significance of these
findings is currently under investigation. Monitoring of bird populations in this geographic area is on-
going and will be conducted over the next few years, depending on the level of funding available.

Cindy P. Driscoll D.V.M., Maryland Department of Natural Resources Fish and Wildlife Health Program, Oxford, Maryland
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Table 1. Blood/tissue chemistry and Body Condition Index (BCI) for 6 great blue
herons collected from the Chesapeake Bay during the Fall 2001

[HCT/BC

ID# [SEX | Location [Wgt| TS |BCI Heavy |OC | Blood i
(@) * |®| Metals | ** |Chemistry (ng/g)

(lead only)
Poplarls. _[1270| 23/2/3.0| 2 | Normal | Neg | Normal BDL®
M | Centenile r»zvo NA | 3| Normal | Neg | Normal 485
M | CarsCrk. |2245(12/1+/32/3| NA | NA| NA 165

(@n&Fe)
WIAHE25| M | Car'sCrk. 18/1+/16| 4 | High | Neg | Normal 143
WHAHE24| M | Stevensville 20/2+/30| 4 | Normal | Neg | Normal 125
WHAHE27| M NA |3] NA | NA| NA 095

*HCT = Hematocrit (% red blood cells)
BC = Buffy coat (% white blood cells)
TS = Total solids expressed in g/dL

**BCI = Body Condition Index, scale of 1-5 (1 = emaciated, 3 = normal, 5 = faf)

*=Organochiorine =GC/MS/GC screens that detect insecticides (organophosphates,
and

strychnie, several drugs,

environmental contaminants.

Table 2. Case summaries (5 GBHs presented to TSBRR)

*Not standing (5/5)

+Yellow-brown diarrhea (5/5)

*Dexamethasone 3mg/kg (1/3)
+2.5% Dextrose in Lactated Ringer’s Solution, 35-40cc 1V (3/3)

lvermectin 0.2mg/kg SQ once (1/3)
«Vit E 2001U PO BID (2/3)
«Gavage feed prn (3-5% of body weight, up to 3x/day) if not self-feeding on fish (3/3)

WHAHE20 5 days--euthanized (moribund)
WHAHEL16 3 days--died
WHAHE?24 euthanized on arrival (agonal)

PO = per os (orally)

Presentation
Firm, “ropey” abdomen (5/5) * Open wound on back (1/5)
«Agonal respiration (1/5) « Covered in mud (1/5)
Treatment on entry

*Hetastarch PO (2/3)

On-going care
*Metronidazole 50mg/kg PO BID (3/3)
«Selenium 200mcg PO SID (1/3)

Time in care (avg.. = 3 days; range = 0-7 days)
WHAHE22 euthanized on arrival (agonal)
WHAHE25 7 days--euthanized (agonal)

V = intravenously SQ = subcutaneously BID = twice daily

SID = once daily Prn = as indicated
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Case Report: Great Blue Heron (Ardea herodias) Morbidity and Mortality Investigation in Maryland’s Chesapeake Bay

ABSTRACT

In the fall of 2001 reports of avian morbidity and mortality events were received by the Maryland
Department of Natural Resources (MD DNR), US Fish & Wildlife Service (FWS), and Tri-State Bird
Rescue and Research (TSBRR). During this time, three separate dieoffs were documented which
included waterfowl, gulls, and colonial waterbirds. At a private waterfowl sanctuary in Queen Anne’s
County, approximately 12 captive waterfowl died over a 2 week period. At Poplar Island in Talbot
County, it is estimated that approximately 100 birds of different species had died. In the third event,
at least 9 great blue herons (Ardea herodias) were documented dead or dying from three counties. All
events showed evidence of a connection with a water bloom of the cyanobacterium (blue-green algae)
Microcystis. This report will summarize findings of the GBH event.

INVESTIGATION

The great blue heron (GBH; Figure 1) population is stable in the Chesapeake Bay. These
majestic colonial water birds are symbolic of wetland and Bay health and a welcome sign to
visitors enjoying the Eastern Shore of Maryland. On October 5, 2001, the first GBH was
collected from Poplar Island (Figure 2). Throughout the next 2 months, 2 birds were found in
Anne Arundel County, and 6 in Queen Anne’s County (Figure 2). Most live birds were taken to
the TSBRR facility in Newark, DE. Birds presented with clinical signs of emaciation, lethargy,
inability to fly, and an unusually hard abdomen. Upon admission to the rehabilitation facility
the blood profiles (Table 1) revealed anemia and varying degrees of hypoproteinemia, and all
birds were dehydrated and depressed, were in lateral recumbency, and had profuse diarrhea. At
least two birds were in respiratory distress. Due to poor prognosis, euthanasia was performed
and necropsies were conducted on all birds (Table 2).
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Figure 1. Great blue heron (Ardea herodias) Figure 2. Location of avian mortality events, harmful algal

blooms, and sites where debilitated great blue heron were
collected in the Chesapeake Bay during the Fall 2001.

MICROCYSTIN FACTS

Microcystins are cyanobacterial hepatotoxins found in a number of cyanobacterial genera, are
widespread worldwide, favor inland waters and nutrient-rich, warm brackish waters.

» Approximately 65 microcystin toxins identified; those tested in this investigation (i.e.
microcystin-LR) are tumor promoters

» Toxins are very stable in the environment and occur in highest concentration during summer and
fall; toxins are found in the cell and free in the water

» Wildlife exposure through several pathways including: ingestion, inhalation and dermal contact

» Clinical symptoms of microcystin poisoning in wild animals include: weakness, anorexia,
reluctance to move, pallor of the extremities and mucous membranes. Death usually occurs within
hours to days and is preceded by coma, muscle tremors, and general distress

Peter C. McGowan, U.S. Fish and Wildlife Service, Chesapeake Bay Field Office, Annapolis, Maryland
Erica A. Miller D.V.M., Tri-State Bird Rescue and Research Inc., Newark, Delaware

Wayne W. Carmichael Ph.D., Department of Biological Sciences,Wright State University, Dayton, Ohio

On October 18, 2001 a GBH was euthanized and sent to the National Wildlife Health Center,
Madison, WI, for a post-mortem examination. Remaining birds were necropsied at the MD DNR
Cooperative Oxford Laboratory or at TSBRR. Consistent necropsy findings included emaciation,
decreased muscle mass, pale muscle color, fat atrophy, gastro-intestinal parasitism, and excessive
deposits of waxy yellow fat in the abdomen, subcutis, and throughout the body cavity (Figures 3 and
4). A gross necropsy diagnosis of steatitis was determined to be the consistent finding in all
carcasses. Selected tissues were sent to the Armed Forces Institute of Pathology for histopathological
confirmation of steatitis (Figure 5).

Figure 4. View of GBH body cavity showing
extensive subcutaneous and abdominal fat deposits.

Figure 3. External view of GBH abdomen
with fat deposits visible through the skin.

Steatitis is defined as an inflammation of adipose tissue . In mammals, it is associated with a
deficiency of Vitamin E and /or Selenium. Vitamin E and selenium have antioxidant properties and are
essential to cell membrane integrity2. Interaction between Vitamin E / Selenium and dietary
unsaturated lipids likely play a role in the pathogenesis of steatitis though the exact mechanism is
unknown. In birds, this condition is suspected to be caused by a diet high in rancid or oily fish
containing polyunsaturated fats3. Steatitis has been reported in several other bird species (black
crowned night heron Nycticorax nycticorax, osprey Pandion Haliaetus, double crested cormorant
Phalocrocorax auritus).3456

Concurrent with gross necropsy findings, was the finding of unusually large counts of the
cyanobacterium (blue-green algae) Microcystis plus some other cyanobacteria and algae. Microcystis
is known to produce the potent cyclic peptide toxins called Microcystins. These potential toxin
producers were found in water samples collected from the three die-off locales (Figure 2).
Microcystins are hepatatoxins produced by at least two Microcystis sp. and several other genera of
cyanobacteria. These potent toxins are known to be toxic to fish, mammals (including humans), and
birds through skin contact, ingestion, and possibly inhalation 78. Microcystis sp. are part of a group of
microorganisms that are responsible for harmful algal blooms (HABs; Figure 6) that include: red tides,
paralytic and neurotoxic shellfish poisoning, Pfiesteria, etc.
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Figure 6. Cyanobacterial bloom where several
debilitated GBH were found in 2001.

Figure 5. Microscopic view of extensive fat cells
(arrows) throughout liver tissue. H&E stain 400x.

While analysis of all bird tissues was the goal, due to monetary constraints, only the tissues from those
birds dying in the GBH event were tested for microcystin. Liver samples from six of the eight GBH in
custody were sent to Wright State University for cyanobacterial toxin identification using immunoassay
(ELISA), plus liquid chromatography/mass spectrophotometry (LC/MS). Results of the ELISA and
LC/MS toxin analyses detected microcystin in 5 of the 6 samples. Toxic levels of microcystin known to
cause acute lethal toxicosis were found in 4 of the 6 tissue samples (Table 1). The significance of these
findings is currently under investigation. Monitoring of bird populations in this geographic area is on-
going and will be conducted over the next few years, depending on the level of funding available.

Cindy P. Driscoll D.V.M., Maryland Department of Natural Resources Fish and Wildlife Health Program, Oxford, Maryland
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Table 1. Blood/tissue chemistry and Body Condition Index (BCI) for 6 great blue

herons collected from the Chesapeake Bay during the Fall 2001
[HCT/BC/
ID# [SEX | Locaion |Wgt| TS [BC| Heawy | OC | Blood i
(@) * || Metals | ** |Chemistryl (ng/g)
(lead only)
WHAHE20] N/A | Poplaris. [1270] 23/2/3.0| 2 | Normal | Neg | Normal BDL®
WHAHE22| M | Centenille Igzvo NA | 3| Normal | Neg | Normal 485
WHAHE16] M | carscik |224sj121+/32] 3| NA | NA| NA 165
(@n&Fe)
WIAHE25| M | Carr'sCrk. 18/1+/1.6| 4 | High | Neg | Normal 143
WHAHE24| M | Stevensville 20/2+/3.0] 4 | Normal | Neg | Normal 125
WHAHE27| M NA [3] NA | NA| NA 095

*HCT = Hematocrit (% red blood cells)
BC = Buffy coat (% white blood cells)
TS = Total solids expressed in g/dL

**BCI = Body Condition Index, scale of 1-5 (1 = emaciated, 3 = normal, 5 = faf)

*=Organochiorine =GC/MS/GC screens that detect insecticides (organophosphates,
and

strychnie, several drugs,
environmental contaminants.

Table 2. Case summaries (5 GBHs presented to TSBRR)

*Not standing (5/5)

+Yellow-brown diarrhea (5/5)

*Dexamethasone 3mg/kg (1/3)
+2.5% Dextrose in Lactated Ringer’s Solution, 35-40cc 1V (3/3)

lvermectin 0.2mg/kg SQ once (1/3)
«Vit E 2001U PO BID (2/3)
«Gavage feed prn (3-5% of body weight, up to 3x/day) if not self-feeding on fish (3/3)

WHAHE20 5 days--euthanized (moribund)
WHAHEL16 3 days--died
WHAHE?24 euthanized on arrival (agonal)

PO = per os (orally)

Presentation
Firm, “ropey” abdomen (5/5) * Open wound on back (1/5)
«Agonal respiration (1/5) « Covered in mud (1/5)
Treatment on entry

*Hetastarch PO (2/3)

On-going care
*Metronidazole 50mg/kg PO BID (3/3)
«Selenium 200mcg PO SID (1/3)

Time in care (avg.. = 3 days; range = 0-7 days)
WHAHE22 euthanized on arrival (agonal)
WHAHE25 7 days--euthanized (agonal)

V = intravenously SQ = subcutaneously BID = twice daily

SID = once daily Prn = as indicated
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