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Figure 16. Mean number of calling frogs at individual transects in 1991 and 1992, Klamath Basin.
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SUMMARY AND CONCLUSIONS

The effect of irrigation drainage on the water
quality and wildlife in the Klamath Basin in California
and Oregon was evaluated using several different
approaches. From 1990 to 1992, water-quality charac-
teristics and chemical contaminants were monitored at
sites upstream and downstream of irrigated farmland.
Laboratory and in situ bioassays using a variety of test
organisms were done to evaluate the toxicity of water,
and estimates were made of the size of aquatic inverte-
brate and fish populations, species diversity, and fish
health.

Water-quality characteristics indicative of
highly eutrophic systems were documented during the
summer months of 1991 and 1992. Dissolved-oxygen
concentrations varied over a wide range each day in
response to oxygen production by photosynthesizing
plants and algae during daylight hours and oxygen
consumption by respiring organisms during the night.
The median dissolved-oxygen concentrations mea-
sured during periodic visits to the primary sampling
sites were below the minimum aquatic habitat crite-
rion (5 mg/L) at more than half the sampling sites in
1991 and 1992. In 1992, during periods of continuous
water-quality measurements at the primary sampling
sites, dissolved oxygen was below criterion from 4 to
83 percent of the time. Dissolved oxygen tended to be
low in all parts of the study area: upstream of, within,
and downstream of agricultural drains.

Photosynthesis by dense aquatic plant and algal
populations causes large diurnal variation in pH by
altering the carbonate equilibrium in the poorly buff-
ered water of the study area. During periods of contin-
uous monitoring in 1992, pH measurements were
frequently above 9 at sites upstream and downstream
of irrigated land.

Nitrogen and phosphorus concentrations were
generally at or above threshold levels characteristic of
eutrophic lakes and streams. The highest average con-
centrations of total soluble nitrogen at the primary
sampling sites were measured in the drainwater return
flows that enter Tule Lake and in the Lower Klamath
NWR. At most sites, the largest percent of dissolved
nitrogen was organically bound, with much smaller
fractions of the total nitrogen load in the form of
nitrate, nitrite, and ammonia.

Concentrations of dissolved nitrate and ammo-
nia, forms that are important plant nutrients, were
highest in drains entering Tule Lake and in the Lower

Klamath NWR. Concentrations in the Upper Klamath
and Tule Lake tended to be low, most likely due to
uptake by aquatic plants. Fish are particularly sensi-
tive to ammonia, and concentrations potentially toxic
to fish existed throughout the study area.

Concentrations of ammonia in samples from
small drains on the Tule Lake refuge leaseland were
higher than those measured in the larger drains at the
primary sampling sites. The mean concentration in
leaseland drains (1.2 mg/L) was significantly higher
(p=0.05) than the mean concentration in canals deliv-
ering water to the leaseland fields (0.07 mg/L) and
higher than concentrations reported to be lethal to
Daphnia magna (LCs,, 0.7 mg/L). Dissolved oxygen
and Daphnia survivability measured during in situ
bioassays were correspondingly lower in the leaseland
drains than in water delivery canals.

Water samples collected from Tule Lake had less
soluble nitrogen than water from drains, except in the
vicinity of the 102 drain. Excess nutrients entering
Tule Lake are probably removed from solution and
incorporated into the algal biomass. Phosphorus is
another major plant nutrient that is abundant in the
study area waterways. Nitrogen:phosphorus ratios
above 7, which might limit continued plant growth,
were observed in only 3 of the 17 sites where nutrients
were measured in 1992.

Dissolved-organic-carbon concentrations were
high at all primary sampling sites and could support
large microbial populations. Consumption of oxygen
during microbial respiration may exacerbate critically
low dissolved-oxygen concentrations in the water-
ways.

Nutrients leaching from croplands have been
documented for many agricultural areas, and excess
fertilizer may contribute to the total nutrient load.
Another probable nutrient source is the large quantity
of organic material entrained in the flows diverted
from Upper Klamath Lake for irrigation. During the
summer, dense populations of the blue-green algae
Aphanizomenon grow in Upper Klamath Lake. Water
diverted to agricultural lands through the "A" canal
contains large amounts of the algae, which can be
observed throughout the upper canals of the water
delivery system. The highest concentrations of dis-
solved organic carbon and organic nitrogen were mea-
sured in the drains and in waterways downstream of
the drains. These concentrations could result when
algal cells disintegrate and decompose on their way
downstream. Evaporation of water in irrigated fields
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and drains may also concentrate nutrients in the drain-
water.

Pesticides were frequently detected in water
samples collected at the primary sampling sites during
the two summers of monitoring. Many of these pesti-
cides were compounds that are soluble in water. The
most frequently detected pesticides were simazine,
metribuzin, eptam, metolachlor, and terbufos. All the
insecticides detected (chlorpyrifos, disulfoton, DDE,
ethoprop, malathion, methyl parathion, and terbufos)
are considered moderately to super toxic to aquatic
organisms, most with Daphnia LCy;'s of <10 mg/L.
All pesticide concentrations in the drainwater samples
were substantially below acute toxicity values
reported for aquatic organisms.

Aerial applications of pesticides to crops grown
on Tule Lake NWR leaseland resulted in pesticide
drift into refuge waterways. Aerial drift was moni-
tored by use of deposition samplers at the edges of
fields and in the middle of the adjacent waterways.
Pesticide drift depends on many factors, including
wind and the distance between waterways and fields.
The distance from treated fields to waterways ranged
from 7 to 130 ft.

During the period when methamidophos was
being applied to potato fields, 12 attempts were made
to monitor pesticide drift. Study personnel were
unable to obtain the information needed to identify
specific fields prior to pesticide application and, there-
fore, relied on a general knowledge of pesticide use
and chance in selecting monitoring sites. Methami-
dophos was detected on the deposition sampler at the
edge of a field in 3 of the 12 attempts, providing evi-
dence that an application had been made to those fields
and that the application provided full-field coverage.
In all three of the known applications, methamidophos
was also detected on duplicate samplers in the adja-
cent waterway. The deposits of methamidophos over
the water were about 19 to 23 percent of the target
application rate of methamidophos for potatoes. This
amount of off-target pesticide drift is fairly typical of
the amount reported in the literature. The estimated
water concentrations of methamidophos from the
monitored drift events ranged from 0.8 to 3.1 pg/L,
levels that were nonhazardous to aquatic invertebrates
and fishes. There were no insecticide-related mortali-
ties during in situ Daphnia bioassays, and mallard
ducklings penned at the sites had normal levels of
brain cholinesterase. All documented instances of
pesticide drift were during calm wind conditions (<2.0

mi/h), but from fields very close to the waterways
(about 25 ft from field edge to waterway, in all cases).

The herbicide acrolein has been used exten-
sively in the study area to manage aquatic plant
growth in irrigation canals and drains. Although
acrolein is not used directly on wildlife refuges, there
is potential for it to be transported to refuge water. A
single application on farmland adjacent to the Tule
Lake NWR was monitored over a period of 3 days to
evaluate the fate and toxicity of acrolein and the
potential for the pesticide to be transported to refuge
water. Acrolein is toxic to fish at the concentrations
observed in treated waterways. Fathead minnow 24-
hour survival at the N canal adjoining Tule Lake, 3.0
mi downstream of the application point, declined from
85 percent to 25 percent during the monitoring period.

Water samples collected at the primary monitor-
ing sites caused static laboratory bioassay toxicity in
up to 78 percent of Lemna minor tests, in up to 49 per-
cent of Xenopus laevis tests, in 17 percent and 8 per-
cent of Hyalella azteca and Pimephales promelas
tests, respectively, and O percent in Daphnia magna
tests. In situ exposure caused mortality in more than
83 percent of Pimephales tests and in more than 41
percent of Daphnia and Hyalella tests. Both static and
in situ bioassay tests indicated water throughout the
study area presented a hazard to early life stages of
diverse types of aquatic organisms. Duckweed and
frogs were the species most affected under conditions
of the static laboratory toxicity tests, whereas Daph-
nia, Hyalella, and fathead minnows were affected by
ambient environmental conditions in the in situ tests,
with fathead minnows being the most severely
affected species.

Embryos of African clawed frogs (Xenopus)
exposed to water samples in 1991 exhibited up to 98-
percent malformation. In 1991, mortality varied sig-
nificantly (p<0.05) among sites and test weeks,
although no significant interaction was detected
between sites and test weeks. Average Xenopus sur-
vival at two sites was significantly lower (p<0.05) than
average control survival.

In 1992, thirty-eight percent of the Xenopus
mortality tests were positive for toxicity, most occur-
ring throughout the summer in water from return flows
and sites downstream of Tule Lake sump. The aver-
age Xenopus survival in water samples from every site
was significantly lower (p<0.01) than average control
survival. Eleven percent of the Xenopus malformation
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tests were positive for toxicity in 1992, and the aver-
age number of malformations was higher (p<0.05)
than controls in water from four sites. The agent(s)
that produced malformations is unknown.

Results of mallard duckling tests at the primary
sampling sites in 1991 indicate that ducklings had no
hazardous exposure to anti-cholinesterase insecticides.

Although water from the study area resulted in
measurable toxicity to a variety of organisms, the
degree of toxicity between sites upstream or down-
stream of agricultural land was not statistically differ-
ent in any of the bioassays. High pH, low dissolved
oxygen, and ammonia appear to be responsible for
hazardous conditions.

Organochlorine pesticide concentrations in 25
bottom-sediment samples collected in 1990 were
below baseline levels commonly found in soils and
sediment. Seventeen bottom-sediment samples were
analyzed for chlorophenoxy acid herbicides, and two
samples were analyzed for organophosphorus and car-
bamate insecticides in 1992. No pesticides were
detected in any of these samples. Sediment toxicity,
measured with Microtox® bioassays, was detected at
sites upstream and downstream of agricultural drains.
Toxicity was highest in some of the agricultural drains
and in the Lower Klamath NWR.

Tissue residues of the trace elements selenium,
mercury, and arsenic revealed no bioaccumulation
problems. Selenium is at background concentrations
in biota and water. Arsenic and mercury concentra-
tions did not exhibit the locally elevated levels found
in the 1988 reconnaissance study, perhaps due to
changes in water management at Lower Klamath that
allowed flushing of some units. Concentrations of p,p’
DDE in white-faced ibis were correlated with an
observed mean 11- percent eggshell thinning in 1991.
Concentrations of other organochlorine compounds
also were high in some ibis eggs in 1991. However,
ibis populations appear to be increasing, and some ibis
eggs were relatively low in DDE concentration. DDE
concentrations in eggs of western grebes were not as
high as in the eggs of ibis.

Concentrations and types of organochlorine
compounds detected in grebe and ibis eggs were
highly variable and indicated different sources of orga-
nochlorine exposure in these species. The heterogene-
ity of ibis organochlorine contamination indicates a
diversity of exposures in individual ibis. Concentra-
tions of DDE in ibis were extraordinarily high when
compared to concentrations in other birds, inverte-

brates, and fish. Both observations support the conclu-
sion that ibis are exposed to organochlorine
compounds outside the basin.

Fish and aquatic invertebrate populations inhab-
iting all sampled areas were representative of
pollution-tolerant species assemblages. The aquatic
communities that were monitored retained little of
their historic ecological structure. Extensive hydro-
logic modifications and hypereutrophic conditions in
Klamath Basin waterways have degraded the quality
of aquatic habitat and altered biological communities.
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