Mortality of Rainbow Trout Due to Ingestion of Fire Ants in the Peruvian Andes
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INTRODUCTION

e  Fish kills were documented on September 22 (at Chocopampa) and October 15, 2005 (near Qda. Shiloui)
downstream of the Compafiia Minera Antamina site in the Peruvian Andes (Figure 1).

e In 1998, Compaiiia Minera Antamina initiated an aquatic environmental effects monitoring (EEM) program
during construction of their mine, the first such approach used in Peru (Tello and Farara 2005).

e The objectives of the EEM program are to monitor for any spatial or temporal changes in the health of fish or
fish habitat that may be due to the mine operations (Tello and Farara 2005).

e Because the EEM program tracks the local and regional effects of the mine on downstream conditions through the
assessment of water, benthic invertebrates, and fish, it was used to assess these fish kills.

e Past studies have identified introduced rainbow trout “trucha” (Oncorhynchus mykiss) (Image 1) and native catfish
“bagre” (Astroblepus spp.; Image 2) as the only fishes in the high gradient and low productivity streams.

Image 1 Sample of rainbow trout. Image 2. Dorsal and ventral view of a catfish.

Fish Kill Event Observations
e The fish kills occurred in two locales downstream of the Antamina mine (Figure 1).

e Dead fish were all rainbow trout; mainly adults, with a few juveniles (>1 year, but not sexually mature).

Understanding Fish Kill Events
e  Fish kills can result from man-made or natural stressors and be of biological, chemical or physical origin (Table 1).

e Examples of stressors include the releases of a contaminants (e.g., pesticides, metals etc) to the water, low
dissolved oxygen, high temperatures, disease or parasites.

e The kills tend to be acute in nature (i.e., many fish perish over short time) compared with a chronic event that
takes place over months or years.

Table 1. Patterns of response to stressors to interpret fish mortality.

Nature of stressor General mortality response

Biological fish: both small and large lengths
(e.g., disease) benthic invertebrates: no change

Chemical fish: small fish first followed by large fish
(e.g., high dissolved metal) benthic invertebrates: shift to tolerant species

Physical fish: both small and large lengths
(e.g., low dissolved oxygen) benthic invertebrates: shift to tolerant species

e Routine monitoring programs like the EEM provide an excellent method to identify and resolve fish kill events.

Identification Process

e Identification of cause of fish kills occur either through direct analysis of the dead fish or the collection of data to
eliminate alternate hypotheses to explain the causative mechanism(s) (Figure 2).

e Frequently requires inference on all available information to make final assessment or identify cause.

e Alternate hypotheses:

1) If the fish kills were due to contaminants originating from the Antamina operation, then it would be expected
that: the most severe effects (i.e., most of the dead fish) would be close to the mine with the effect diminishing
with increased distance away from the mine and a corresponding shift in benthic invertebrate communities;

2) If the fish kills were due to a pesticide from local agricultural activities, then a similar pattern as noted for a
contaminant would be expected;

3) If the fish kills were due to a physical stressor, like low dissolved oxygen because of reduced stream flow, then
some kind of spatial pattern would be expected in terms of the response of the fish kill and benthic invertebrates;

4) If the fish kills were due to a biological stressor like disease, then length-independent consequences on whole
populations of fish would likely be evident with no corresponding change in benthic invertebrates.

METHODS
e Following the fish kills, water quality, benthic invertebrate, and fish sampling was conducted (Image 7).

e Sampling areas included the near and far field sites downstream of the mine, the reference area, and the
locations of the fish kills (Figure 1).

l 1. Document fish kill event l

e  Fish samples were sent for necropsy in Canada.

2. Quantify current aquatic environment
upstream and downstream of event.
Variables of interest include:

a) water
b) benthic invertebrates
c) fish.

1

3. Contrast existing environment with
observations from past, if available.

l 4. Conduct necropsy on fish, if necessary. ]

Image 7. Fish and benthic
invertebrate sampling. ’

5. Assess all available information and resolve
likely cause(s) of the fish kill.

Figure 2. Steps followed to investigate
fish kills and identify likely cause(s).
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RESULTS
Water Quality

e Areview of Anamina’s daily routine water quality data did not reveal any parameter (e.g., metals, pesticides) at
concentrations that would have resulted in the fish kill (data not shown).

e Additional water samples that were collected from the area of the fish kills also showed no elevated levels of
parameters that would be toxic to fish (data not shown).

Other Physical Parameters
e Limnology was typical but flow rates did spike after rain (that just preceded both fish kill events; Figure 3).

e At each fish kill area, water quality measurements indicated that dissolved oxygen was saturated (i.e., > 5 mg/L),
water temperatures were seasonal (i.e., ranged from 12 to 13 °C), pH showed a range of 7.9 to 8.1, and
conductivity was typical, and ranged from 365 to 418 pS/cm.

Benthic Invertebrate Community

e Benthic invetebrate samples were collected from five areas in October 2005 following the fish kills and compared
with observations from July 2005.

e The comparison of benthic invertebrate community between July and October 2005 identified no decline in
mean species richness or mean density (Figures 4 and 5).
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Image 6. Antamina mine impoundment.
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Figure 4. Benthic invertebrate species across study sites
(mean + 1 standard error).
Fish Community

e Total rainbow trout density was higher in October than in July, at all monitoring locations, primarily due to
the presence of young-of-the-year that are not usually present during the July surveys (Table 2).

e Observation of only dead rainbow trout (i.e., no catfish) at both fish kill sites.
Table 2. Density of adult and juvenile rainbow trout in July and October, 2005.

Figure 5. Benthic invertebrate density across study sites.

Total Rambow Number of Fish
Trout Captured __Caught Per Minute __ Number of Adults Juveniles
Area Juy  October  July  October  July  October  July  October
EEM _ Stud EEM _ Study EEM _ Study EEM _ Study
At Tailings Dam 36 54 29 32 2 43 8 1
Ayash Near Field 3 130 14 78 2 16 7 114
Ayash School downstream - 100 - 80 - 25 - 75 »
Chocopampa Fish Kill Area - 105 - 8.4 - 5 - 100
Pichiu Reference 12 2 07 10 10 6 2 16 »
Pichiu Far Field 21 81 06 43 19 2 2 53
Qda. Shilou Fish Kill Area 119 44 64 55 Image 8. Stomach contents of

Fish Pathology

e Necropsy indicated the fish appeared healthy and free of any external or internal infections.

Fish Stomach Analysis
e Stomach analysis for dead and dying fish revealed all had non-native fire ants (Solenopsis invicta; Image 8).

dead rainbow trout from
15 October near Qda. Shiloui.

ANTAMINA

e Because the aquatic invertebrates are generally the most sensitive to contaminants (Niemi et al., 2004), the fact
that there were no differences in these groups between July and October suggested that the fish kills were not
due to chemical stressors.

e In addition, many of the invertebrates present are very sensitive to temperature and dissolved oxygen (Niemi et
al., 2004, so their high density also indicates that physical factors were unlikely to be the cause of the fish kills.

e Fish density in October at sites downstream of the mine increased relative to July and was concordant with the
benthic invertebrate and water chemistry data that suggested the fish kills were not due to a physical or
chemical stressor entering the stream.

e Spatial patterns in the abundance of adult and juvenile rainbow trout and the temporal patterns (i.e., changes
between July and October) are consistent with inference the fish kills did not appear to be associated with any
discharges from the Antamina mine.

e |f the mine been the source of the fish kill, it would be expected a response would have been detected in the
benthic invertebrate community and most of the dead fish would have been found upstream of Ayash Village
with a decrease in number further downstream towards Pichiu Village.

e The pattern of the documented fish kills (i.e., at Chocopampa and near Qda. Shiloui) suggested there were
two localized sources that followed the rain storms that increased stream flows.

e This local effect suggests that the fish kills were due to some focal stressor or perhaps a disease outbreak in the
areas where there were high densities of fish.

e Interviews with local residents by Antamina staff suggested that fish were being killed by ants and this episodic
event generally occurs further downstream at lower elevations after the dry season.
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CONCLUSIONS
e Presence of ants in all fish stomachs indicates a simple mechanism to explain the mortality patterns.

e Ingestion of fire ants by fish would release the venom that is composed of formic acid, alkaloids, and proteins
(that collectively act as general toxins on fish).

e The inference is that the large trout were killed by the ingestion of fire ants, as dominant fish would be more likely
to feed on surface insects than smaller trout or catfish.

e Since the fish kill events occurred after the rain storms, it is highly probable that flooding of localized ant colonies
on the banks of the river resulted in large numbers of ants entering the stream.

e Fish likely consumed both live and dead ants during and after the observed rain events.

e Generally, the reported fish kills due to fire ants do not present a serious problem to the ecology of these low
productivity Andean streams as they typically do not reduce the fish population. This situation was observed
in Qda. Ayash where fish density was still high in the areas after the fish kills occurred.

Fire Ants: Impacts on fish in North America

e Swarming of the winged form of fire ants has resulted in a number of fish kills in the southeastern United
States where the fire ant has become established after being introduced in the 1930s.

e  Fish that ingest small quantities (e.g., one or two) of ants generally recover (e.g., Fontenot et al., 1999).

e Others have speculated the ants that are still alive when consumed may actually sting the animal in their
stomachs and this leads to death if the number of stings is excessive (Allen et al.,. 2004).

e |ltis likely the consumption of dead ants by fish also releases the venom without stings.

e In 1986, the Department of Environment Quality in Louisiana documented a fish kill of sunfish (Lepomis spp.)
was due to formic acid poisoning from ingestion of fire ants (St. Pe 1994).

e In 1998, there was a major fish kill in the Guadalupe River where Texas officials estimated that 22,000 trout
were killed over a 25 km stretch of river due to ingestion of fire ants (Conteras 1999).

e Fish kill incidents in the United States have generally occurred when ant colonies flood or when swarms of adult
ants migrate from colonies en masse. The former situation seems to be identical to that observed in Peru.

REFERENCES

Allen, C.R. et al. 2004. Red imported fire ant impacts on wildlife. Am. Midl. Nat. 152:88-103.

Conteras, C. 1999. Rainbow trout kills induced by fire ant ingestion. Texas J. Sci. 51:199-200.

Fontenot, Q.C. et al. 1999. Effects of Ingesting Red Imported Fire Ants on Yellowfin Shiners. Proceedings of the 1999
Imported Fire Ant Conference.

Niemi, G.J. et al. 2004. Application of ecological indicators. Annu. Rev. Ecol. Syst. 35:89-111.

St. Pe, K. 1994. Solving the mystery of fish kills. Fish kills offer challenge to DEQ. Louisiana Environmentalist.

Tello, G., and D. Farara. 2005. The importance of comprehensive aquatic environmental monitoring: programs at new
mines in developing countries. SME conference, Lake Placid, NY, 15 p.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


