Crocodile deaths in the
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The death of an ecosystem?
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Synopsis

2007 — sluice gates of Massingir Dam raised by ~ 1.8 m
2008 — Gorge and rapids are inundated and filled with mud

27 May 2008 (onset of winter), the first dead crocodiles were found in
“Crocodile Gorge”, on the Mozambique border.

At least 170 dead crocodiles were found in 2008.
Few deaths in the following summer.

All dead crocodiles had pansteatitis.
Yellow hardened fat
Crocodiles stiff and lethargic
No food in stomachs
Very low Vitamin E and selenium levels

May 2009, the crocodiles started dying again.

No single cause identified — appears to be the result of many different
chronic factors, triggered by a single event.




The raising of the sluice gates of the Massingir Dam caused the headwaters
of the dam to back up into the KNP, flooding the Gorge and rapids.




Cyclicity of events

In May 2008, there was an algal bloom In the
Olifants Gorge, followed by a fish die-off and
crocodile deaths. Both fish and crocodiles
showed degrees of pansteatitis.

In May 2009, the cycle was repeated.

In 2009, dead crocodiles with pansteatitis were
found In the Sabie River gorge, associated with

fish kills.




Healthy crocodile on sandbank




Sandy bottom with algae & fish
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Almost dead...













What Is the cause of the pansteatitis

In all reported cases of pansteatitis in a variety of animals, fat was reported to
become hard. Hardness of FAT can only result if the fatty acid composition changes.
No reports have confirmed that the hardness of FAT was related to changes in fatty
acid composition.

Results have shown very small changes in the fatty acid composition with the degree
of pansteatitis, significantly so for only a few fatty acids. BUT, the changes could
also have been due to differences in age/size of the crocodiles. The hardness of the
extracted fat did not change significantly with the degree of pansteatitis. Therefore,
the hardness of the FAT cannot be ascribed to the lipids.

The moisture content of the FAT TISSUE increased with the degree of pansteatitis.
This is due to increasing inflammatory actions, which has been shown by histological
examination.

The greatest difference in the composition of the fat tissue is the moisture content,
11% for captive, 17% for healthy wild and above 23% (up to 51%) of diseased

crocodiles. This is due to increasing inflammatory actions, which can be seen in the
histological photograph. It is the inflamed FAT TISSUE that is hard, and not the FAT.










Pansteatitis in Olifants crocodiles

Fatty acid composition of fat not changed (new knowledge to
pansteatitis)

Hardness of FAT not changed (new knowledge to
pansteatitis)

Hardness of FAT TISSUE caused by inflammatory
action (new knowledge to pansteatitis)

Questions:

Are the phospholipids in the cell membranes of the FAT
TISSUE affected by the oxidants/toxins that cause the

disease?
Are there pro-oxidants in the fat cells?
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SamplingClarias
gariepinus




Pansteatitis ilClarias gariepinus

Fat turns to hard waxy nodules
Fat stores pollutants
Crocodile eats fish...




Compounds found Iin the water

In 1994 no PCBs or chlorinated pesticides were found in the water
of the lower Olifants River (Grobler et al 1994)

Since 2008 a number of PCBs and chlorinated pesticides have

been identified, in addition to many other anthropogenic
compounds originating from agricultural, arboricultural, effluent and

mining sources

Legal and banned pesticides and industrial chemicals are common,
pointing to less stringent controls on use and disposal

Clays adsorb toxins which are released in acidic or alkaline
environments, such as in fish stomachs and during algal blooms

Silt release from Phalaborwa mine contains fine particles of iron
oxides, which deplete water in oxygen and are toxic to fish




Some of ~1600 compounds found in the water

3,6-bis(4-chlorophenyl)-[1,2,4,5] Tetrazine, = Clofentezine — acaricide
[3,3-Dimethyl-2-(3-methylbuta-1,3-dienyl)cyclohex-1-enyllmethanol = cytotoxic
1-(4-Hydroxy-3,5-di-tert.-butylphenyl)-2-methyl-3-morpholinopropan-1-one = Fungicide
2,2',3,3,4,4'-hexachloro- 1,1-Biphenyl, = PCB

2,2',4,5',6-Pentachloro 1,1-Biphenyl, - = PCB 2,2',4,6-Tetrachloro 1,1-Biphenyl, - =PCB
2,3,3,4,5,5',6-heptachloro-1,1-Biphenyl, = PCB 2,4,4-trichloro- 1,1'-Biphenyl, = PCB
5,6,7,8,9,9-hexachloro-1,2,3,4,4a,5,8,8a-octahydro-1,4:5,8-Dimethanonaphthalene-2,3-diol = Aldrin
2,3-dimethyl-1,4-Naphthalenedione, = Acaricide

1,4-S,S-2,5-Bis[carbethoxy]phenylene bis[N,N-dimethyldithiocarbamate] = Fungicide
1-[p-Nitrophenyl]-3-[2-morpholinoethyl]urea = Fungicide

11H-Benzo[a]fluorine= Coal tar product - toxic to aquatic organisms
5,6,7,8-tetrahydro-2,5-dimethyl-8-(1-methylethyl)-1-Naphthalenol, = Carbaryl metabolite
1-Trifluoroacetoxy-2-methylpentane = Toxic

2,2-Dibromo-1-morpholin-4-yl-3-phenyl-propan-1,3-dione = Fungicide

2-Methyl-2-hexyl methylphosphonofluoridate = Related to nerve agent Sarin

2-(methylthio)-Benzothiazole, = A toxic degradation product of TCMTB

Benzyl butyl phthalate = Very toxic to aquatic organisms.

Betaxolol = A cardioselective beta-1-adrenergic antagonist Bisoprolol = Cardioselective beta-blocker

Butyl citrate = plasticizer, solvent for cellulose nitrate, and antifoam agent

¢ Dodecalactone = Antibiotic, flavour industry

Camphorsulfonic acid = plasticizer Chrysene = produced as a gas during combustion of coal and petroleum
cis-Hexenyl octyne carbonate = flavourant 3,4-dihydro-4,4,5,7,8-pentamethyl-Coumarin-6-ol, = fragrance
1,2,3,4,5,6-hexachloro-Cyclohexane, = Lindane Insecticide pentachloro-Cyclohexene, = metabolite of lindane
Desaspidinol = Molluscicide Dibenzothiophene = From coal Dicamba methyl ester =Herbicide Dinobuton = Acaricide
Hexyl ethylphosphonofluoridate = Similar to Sarin Methiocarb =Insecticide

3,4-dichlorophenyl ester o-Anisic acid, = herbicide

4-chlorophenyl ester o-Anisic acid, = herbicide tridec-2-ynyl ester o-Anisic acid, = herbicide

3,4,6-trichloro- o-Cresol = pesticide




Which are to blame and where do
they come from? Research in progress
Includes:

Chemical and elemental analysis to determine
bioaccumulation — from mud & water to crocodiles

Tracing and identifying sources of different groups
of pollutants

Determination of toxicological effects of chemicals
found In the mud

Identification of compounds responsible for
pathologies observed in barbel and crocodile
tissues.




Olifants river




| etaba river




Olifants gorge




Thanks!




