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ACCESSION NO:  2022-0029 
 

ALASKA DEPARTMENT OF FISH AND GAME 
DIVISION OF COMMERCIAL FISHERIES - FISH PATHOLOGY SECTION 

333 RASPBERRY ROAD, ANCHORAGE, AK  99518-1599 - Phone (907) 267-2244/Fax 267-2194 
 

REPORT OF LABORATORY EXAMINATION 
 
LOT (YEAR, STOCK, SPECIES): Kotzebue Sound Pacific herring, Clupea pallasii 
         
FACILITY:  Native Village of Kotzebue (Kotzebue IRA)  
 
CONTACT PERSON/ADDRESS:  Alex Whiting, Environmental Program Director, 600 Fifth Ave., Kotzebue, 

Alaska 99752 
   
SAMPLE DATE:  10/13/21  DATE SAMPLE RECEIVED:  10/20/21  
 
SPECIMEN TYPE: Whole fish       LIFE STAGE: Sub-adult/adult WILD: Yes   
 
NUMBER OF SAMPLES: 10       
 
STATE: Frozen  
 
HISTORY/SIGNS:  A large, widespread fish kill involving only Pacific herring was observed on 10/12 and 
10/13/21 on both sides of Kotzebue Sound under different salinities (marine, brackish, and freshwater). Some of 
the fish that were collected were moribund and undulating at the water surface. Fish were gathered from the 
beach in northern Kotzebue at 66.903158°, -162.586069°. There was also a large fish kill involving herring 
under the ice last year in the winter. Phytoplankton counts are obtained in this area during the summer where 
the last sampling this year occurred about 1 month prior to the fish kill (Table 1) 
 
Samples were also sent to USGS for saxitoxin testing.   
 
Table 1. Summary of phytoplankton counts from area of fish kill obtained about 1 month prior. Note, all the listed 
species have been detected at least once this year at this location or elsewhere in Kotzebue Sound. 

Algae 9/23/21 (Cells/L) 9/27/21 (Cells/L) 
Cyanobacteria   
   Aphanizomenon 29,329 92,508 
  Dolichospermum 0 5,513 
  Microcystis 0 0 
  Oscillatoria 0 23,816 
Diatoms   
  Asterionellopsis glacialis 0 0 
  Achnanthes 0 0 
  Amphiprora 0 0 
  Coscinodiscus 1,498 0 
  Chaetoceros 0 5,513 
  Cylindrotheca closterium 0 0 
  Leptocylindris danicus 0 0 
  Grammatophora 1,712 0 
  Nitzschia 0 0 
  Pleurosigma 0 0 
  Skeletonema marinoi 0 45,978 
  Thalassionema 99,234 100,938 
  Thalassiothrix 0 0 
Chlorophytes   
  Ankistrodesmus 0 0 
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  Pediastrum 1,764 1,764 
  Scenedesmus 0 0 
  Spirogyra 0 0 
Chrysophytes (Dinobryon) 9,151 0 

 
REASON FOR SUBMISSION: Diagnostic evaluation 
 
FINAL REPORT DATE:  12/28/2021  
 
 
CLINICAL FINDINGS 

NECROPSY:  2/10 with ocular hemorrhage when frozen, but upon thawing more fish had ocular  
       hemorrhages and branchial/opercular hemorrhages developed  
 
Mean fork length of 21.8 cm (range = 18.1-21.3cm); Mean weight of 96.1g (range = 77.9-102.1g); 70% 3-years 
old and 30% 2-years old (aged by J. O’Rourke, ADF&G); 50% male, 50% female    
  
MORIBUND/MORTALITIES:  
 
6/10   unilateral or bilateral ocular hemorrhage 
5/10   unilateral or bilateral branchial/opercular hemorrhage (Figure 1) 
5/10   grossly evident debris in gills 
1/10   hemorrhaged vent and ulceration on right flank 
1/10   with severe lacerations and hemorrhages to body consistent with net trauma 
10/10 nearly or completely sexually mature; 50% male/50% female 
4/10   congested or hemorrhaged gonads 
8/10   small diffuse spleens 
2/10   slight to severe splenomegaly and darkened spleens 
1/10   nematode in heart 
6/7     gill wet mounts with debris and abundant algae, some resembling diatoms Skeletonema (Figure 2)  
          Grammatophora and Chaetoceros (Figure 3), and many golden-brown algae consistent with  
          dinoflagellates (Figure 4)  
0/5     abnormal skin scrapes 
0/8     abnormal spleen squashes 
0/1     abnormal airbladder and gut squashes 
0/5     abnormal kidney impressions with many smudge cells 
0/10   abnormal peripheral blood smears with many smudge cells 
 
BACTERIOLOGY:  0/5 kidneys with microbial growth when struck on Marine Agar at 20°C for 4+ days. 
 
HISTOPATHOLOGY:  6µ sections, hematoxylin and eosin stains; Grocott methenamine silver (GMS) stain; 
Kidney (3); Gill, Heart, and Liver (2); Spleen and Gut (1)    
       
MORIBUND/MORTALTIES:   Marked autolysis and freeze artifact 
 
2/2  gills with debris and abundant algae, including diatoms and golden-brown dinoflagellates  
1/3  kidneys with golden-brown organic debris and 2-3 large, vacuolated, multinucleated cells;  
       stained black with GMS confirming a fungal-like pathogen that resembled Ichthyophonus (Figure 5)  
1/2  livers with moderate hepatic coccidiosis, likely representing a Goussia species (Figure 6) 
0/2  hearts with abnormal findings 
1/1  gut with abundant debris and algae embedded in submucosa of gut 
1/1  spleen from fish with splenomegaly with diffuse splenic edema (Figure 7); confounded by freeze artifact 
  
VIROLOGY: 0/10 (2 X 5 fish/pool) positive for viral CPE.  Kidney, spleen, and brain processed by quantal 

assay on EPC and BF-2 cell lines at 15.5°C for 14 days and blind-passaged for an additional 14 
days.  Minimum level of detection was 5 infectious particles/ml of pooled sample.  Cells were 
pretreated with PEG to enhance viral infectivity. Samples were re-passed from the primary plate 
at 21 days post-inoculation for the BF-2 cells, which held negative for an additional 14 days. 
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Saxitoxin Testing (USGS): Data pending release, but an email exchange from the testing lab indicated that 
quantifiable toxin was detected in 7 of 8 fish at levels regarded as above “normal” or “background”. Although the 
level of toxin required to kill forage fish is currently unknown, this event was unusually late in the year for this 
level of toxin that could have possibly caused mortality. Toxin was detected highest in liver and digestive 
tissues, but not detected in skeletal muscle. The levels were below the FDA limit for Paralytic Shellfish Poison 
(PSP) for safe consumption of 80 micrograms per 100 grams. ELISA was used for the initial testing. 
 
DIAGNOSIS:   Fish kill due to Harmful Algal Blooms involving phytotoxins, such as saxitoxins from the 

dinoflagellate Alexandrium and mechanical trauma to gills and other organs by abrasive 
diatoms, such as Chaetoceros and Skeletonema. Hypoxia at night due to increased oxygen 
demand by the blooms may have also contributed.     

 
COMMENTS/RECOMMENDATIONS:  There were no primary fish pathogens detected in the samples that were 
submitted. The moderate hepatic coccidiosis involved a species not regarded as pathogenic to herring and the 
presence of only a few Ichthyophonus-like spores detected in renal tissue of one fish, but not grossly evident in 
any samples also represents an incidental finding. The only consistent factor in this case was an abundance of 
algae in the gills and occasionally other tissues. This cause of mortality being from a harmful algal bloom is 
further supported by algae counts taken about 1 month prior to the kill and the detection of quantifiable saxitoxin 
in 7 of 8 fish tested by ELISA in the USGS Laboratory.   
 
Algae species that were identified in the fish samples included Skeletonema, Grammatophora and Chaetoceros. 
An abundance of golden-brown algae consistent with dinoflagellates was also detected in all the fish samples. 
Dinoflagellates are difficult to identify, especially in previously frozen material as this destroys their morphology. 
However, the detection of saxitoxin, produced by the dinoflagellate Alexandrium, supports the identification of 
these algae as dinoflagellates.   
 
Harmful algal blooms can kill fish by three main mechanisms: 1) toxicosis by phytotoxin producing species; 2) 
mechanical damage to the gills and other tissues by abrasive diatoms that causes increase mucus production, 
decrease respiration, and potentially reduced osmoregulation; 3) hypoxia from increased respiration of algae at 
night. It is likely that all three modes were involved in this fish kill as at least one toxin class was detected 
(saxitoxins) and several species of abrasive diatoms, such as Skeletonema and Chaetoceros were observed in 
fish sampled from the event. Given the level of algae detected in the fish, it is likely that this may have created 
anoxic conditions as well. Levels as low as 1 cell/ml of Chaetoceros can cause high mortality of juvenile 
sockeye salmon (Kennedy et al., 1976). Skeletonema has caused mortality of Atlantic salmon in saltwater 
netpens in British Columbia that was thought to be due to the physical irritation of the algae to the gills (Kent et 
al., 1995). Grammatophora is not a toxin-producing algae and has not been associated with fish kills, but this 
alga may have contributed to hypoxia during the bloom. There were also other morphologically distinct algae 
species that could not be definitively identified, some of which resembled Nitzschia, so it is possible that these 
may have contributed to the fish kill by any of the three abovementioned mechanisms.  
 
Initial necropsy results were emailed to the case contact on 10/22/21 and subsequent updates were either 
telephoned or emailed on 11/3, 11/4, and 11/23. The samples that were collected were the best that could be 
obtained from this time of the year. The additional sampling of water quality and toxicology were crucial to 
determining the cause of mortality in this case and should be continued in the future for any other fish kill 
events. One additional recommendation would be to obtain a water sample for phytoplankton counts at the time 
of the fish kill that would improve the identification of algal species involved in any future suspected harmful 
algal blooms. The case contact is interested in establishing a long-term monitoring program and the Fish 
Pathology Laboratory is available for consultation on any future fish health concerns. 
 
FISH HEALTH INVESTIGATOR: J. Ferguson   

          
TECHNICAL ASSISTANCE: F. Woitel  and D. Stewart 
 
 
COPIES TO:   FY22, Misc., M. Smith (USGS), B. Carter (UWFWS), Menard, Behr, Borba, Henley, Davis, 

Wilson, Vercessi, Pryor, Meyers  
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Ichthyophonus (arrow); confirmed to be a fungal-like pathogen with GMS stain (right image) 
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Figure 7. Histopathology showing diffuse splenic edema (asterisks). This was the same fish with splenomegaly.  
This was confounded by freezing artifact. 


