
CHAPTER 3 - LlMNOLOGICAL TRENDS IN AGENCY LAKE, OREGON -1992 

JACOB KANN, KLAMATH TRIBES NATURAL RESOURCES DEPARTMENT 

INTRODUCTION 

The purpose of this component of the cooperative agreement is to assess current water 
quality conditions and dynamics in Agency Lake, Oregon, as part of an overall basin wide 
management plan to address environmental problems in the Klamath Basin. More 
specifically, the goal is to develop a limnological data base to determine the status of current 
hypertrophic conditions and the relationship between various water quality and productivity 
parameters. These data are necessary for modeling efforts and future assessment of 
management and control options. The specific objectives of the project are: 

1) Assess in-lake nutrient concentrations throughout the phytoplankton growth period, 
and monitor other pertinent water quality parameters throughout this period. 

2) Assess phytoplankton and zooplankton composition and biomass throughout the above 
time period. 

3) Assess water quality parameters relevant to fish habitat needs. 

The information provided here includes data from only 1992 sampling efforts and is intended 
to be a continuation of information provided in the 1991 annual report (Kann, 1993). This 
report will present a description of the above limnological trends, but will not provide a 
detailed statistical analysis of the relationships between productivity and physical-chemical 
variables. Such analyses and further more rigorous inter-annual comparisons will be 
provided in the 1994 final report. 

METHODS 

Limnological measurements of Agency Lake were taken from February 1992 through 
N'ovember 1992 in order to filonitor water quality and fish habitat in the lake. Sy-l1optic 
samples were collected biweekly during the algal growing season and monthly at all other 
times except when prevented by ice cover. 

Two sites were sampled: AS (Agency Lake South) and AN (Agency Lake North) (fig. 3.1). 
These sites were chosen to account for some of the horizontal spatial variability which 
frequently exists becal,lse of the lake's large size and prevailing winds. 

Water samples were collected with a 5 em diameter plastic tube. A depth integrated sample 
was obtained by lowering the tube the length of the water column (not including the sediment 
water interface), corking the top, and slowly raising the tube from the bottom end. Water 
collected in this manner was then placed in appropriate bottles for chemical and biological 
analyses. Standard literature methods were followed for all measured parameters (table 3.1). 
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Table 3.1. - Water chemistry and biological analyses. 

Parameter 

Total Phosphorus 

Soluble Reactive 
Phosphorus 

Nitrate + 
Nitrite Nitrogen 

Ammonia Nitrogen 

Total Nitrogen 

Alkalinity 

CO2 

Chlorophyll a 

Phytoplankton 
Composition + 
Biomass 

Zooplankton 
Composition + 
Abundance 

Method Description 

Ascorbic Acid! 
Persulfate Digest. 

Ascorbic Acid 

Auto. Cadmium Reduction 

Modified Phenate 

Persulfate Digest. 

Titrimetric 

Titrimetric 

Ethanol Extraction 
Spectrophotometric 

Settling Chamber/ Inverted 
Microscope 

Microscopic 

Reference 

EPA-365.2, APHA-424 

EPA-365.2 

EPA-353.2, APHA-418F 

D'Elia et al 1977 

APHA-403 

APHA-406 

Nusch 1980 

Utermohl, 1958; 
Lund et aI., 1958; 
APHA, 1989; Rott, 1981; 
Willen, 1976 

J. R. Beaver Ph.D. 
3620 Ingleside Rd. 
Shaker Heights, OR 
44122 

Measurements of pH, dissolved oxygen, conductivity, and temperature were taken at 1-m 
intervals at each of the sites using a Hydrolab Surveyor III multi-parameter probe. In 
addition, a Hydrolab submersible Data-Sonde multi-parameter probe was deployed at each 
site with measurements taken at 1I2-h intervals. These probes were deployed at weekly or 
biweekly intervals to determine diel variation in dissolved oxygen, temperature, and pH, and 
to determine the duration of water quality conditions potentially detrimental to fish. An 
indication of water transparency was obtained using a Secchi disk. 

RESULTS AND DISCUSSION 

Extreme drought conditions in 1992 caused' Agency Lake to sustain below average depths 
throughout the year (fig. 3.2). Mean depth at AS from June through September was 0.99 m, 
with the maximum of 1.3 m occurring in early June and decreasing to a minimum of 0.6 m 
in late August. This compares to a mean of 1.38 m for this same period in 1991, also a low 
water year. Depth at AN is slightly deeper than AS with a June-September mean of 1.48 m 
(min = 1.1 m, max=1.8 m). 
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pH, Dissolved Oxygen, Temperature 

Diel results fronl the submersible DataSondes (appendix 3.1) and synoptic samples (fig. 3.3) 
show early spring pH's at both sites to range between 7.5 and 8.0. By late May, values were 
elevated, ranging between 8.5 and 9.0 (fig. 3.3). Concomitant with an increase in algal 
biomass (specifically the onset of the Aphanizomenon bloom), water column mean pH in early 
June rose to 9.85 (fig. 3.3) at AS and diel measurements for the period between June 3-10 
ranged between 9.5 and 10.1 (appendix 3.1). Values continued to increase through the June 
17th sampling date, with a water column mean of 10.21 for AS (AN=1O.0B) (fig. 3.3). AN diel 
values were slightly lower than diel values for AS for the June deployment dates (appendix 
3.1). The onset of elevated pH values at AS occurred earlier in 1992 than 1991, but timing 
was similar to 1990 (Kann, 1993). Overall, the mean lake-wide onset of elevated pH 
conditions was earlier in 1992 than both 1990 and 1991 (Kann and Smith, 1993). Subsequent 
to the June 17th sample date, water column mean pH declined to a minimum of7.61 on July 
29th at AS, and to 7.43 at AN (fig. 3.3). Values then steadily rose to 9.48 (AS) and 9.68 (AN) 
by September 18th. The lack of an Aphanizomenon bloom (see phytoplanktun section - this 
report) and lower total phytoplankton biomass (chlorophyll a) from mid July through 
September 1992 (fig. 3.4) accounts for the lower July and August values and lower second 
photosynthetically elevated pH peak in September. Diel measurements also reveal a pattern 
of low (7.00-9.00) pH values in July and August, with only moderate increases «9.50) in 
September (appendix 3.1). Mean June-September pH based on the synoptic samples was 8.78 
at AS (min = 7.61, max=1O.22) and 8.94 at AN (nUn = 7.43, max=10.08). Homogeneous water 
column condition caused by below average depths caused surface to bottom pH differences 
to be minimal on all sampling dates (appendix 3.2). Diel fluctuations were commonly 0.5 pH 
units with maximum 24-h swings of >1.0 (appendix 3.1). Apart from extremely high and 
potentially toxic elevated pH conditions in June (chap. 8, this report), high pH conditions 
remained less severe in July, August, and September than for this same period in 1990 and 
1991 (Kann, 1993). 

As with pH, dissolved oxygen fluctuations track algal biomass peaks and declines at both 
Agency Lake sites (fig. 3.3). Hydrolab instrumentation shows dissolved oxygen values to be 
supersaturated in the late afternoon (with highs ranging between 13 and 15 mg/L or 
180-200% saturated) through much of the June-September growing period. Low dissolved 
oxygen values were less severe than in 1990 and 1991, only occasionally dropping to less than 
3.0 mg/L during early morning hours (appenrlix 3~1). However. values remained below 5 
mglL for -12-h periods on numerous occasions (appendix 3.1). Decreases in dissolved oxygen 
during July and August were evident in both the synoptic sampling and the DataSonde 
deployments (fig 3.3 and appendix 3.1). These declines are concomitant with decreases in 
algal biomass (the algal bloom crashed during this period) as measured by chlorophyll a (fig. 
3.4). Diel fluctuations are as much as 8.0 mg/L on numerous occasions, and saturation can 
shift as much as 100% in a 24-h period (appendix 3.1). Such fluctuations may create stressful 
habitat conditions for fish, especially considering the potential harmful effects of 
supersaturated conditions (Stewart et al., 1967; Wilkes et al., 1981). Mean June-September 
dissolved oxygen based on the synoptic samples was 9.66 at AS (min = 6.5, max = 13.79) and 
9.32 at AN (min = 5.77, max = 13.14). 

Diel temperature fluctuations became more pronounced as the season progressed and the 
lake shallowed, and were as high as 6.00 °C on a daily basis in late August, but tended to be 
in the range of I-3°C (appendix 3.1). Higher temperatures (>20 °C in May) occurred earlier 
in 1992 than in 1990 or 1991 (fig. 3.3) (Kann, 1993). Temperature in the beginning of June 
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for 1990 and 1991 was ca. 16°C; for 1992 it was 22 ·C. Such differences may account for the 
earlier algal biomass peaks and subsequent early high pH values. June-September water 
column mean temperature was 21.6 ·C at AS (min = 19.0 ·C, max '" 24.3 ·el and 21.2 ·C at 
AN (min = 18.0 ·C, max = 24.3 ·C). 

Nutrient/Chlorophyll Dynamics 

Unlike the strong bimodal peak at AS in 1990 and 1991, chlorophyll a peaks in June 1992 
and then declines, remaining low for the duration of the growing season (fig. 3.4), However, 
June 1992 values equal or exceed the 1990-91 June-September maximums (Kann, 1993). 
Mean AS chlorophyll a from June through September 1992 was 157 )1gIL (min=0.6 )lg/L, 
max=986 JlgIL) and 56.8)lg/L (min=1.3 JlgIL, max=194.7 J.lgIL) at AN. The above mean value 
at AS is elevated by the June 17th sample date value of 986 Jlg/L, which was indicative of 
a concentrated surface scum. This does not reflect the low «50 J.lg/L and commonly <15 J.lgIL) 
July-September values which occurred in 1992. Despite the brief August crash, values 
exceeded 200 J.lglL for this same period in 1990 and 1991 (Raun, 1993). 

TP (total phosphorus) background levels in the spring range between 37-86 J.lglL, and 
increase to >600 J.lglL during peak biomass levels occurring in June (fig. 3.4). Subsequent 
to the June algal biomass and TP peak, TP declines and remains low through September (fig. 
3.4). The August-September mean for AS was 72 J.lg/L in 1992, compared with a 1991 
August-September mean of 357 IlglL (1990 August-September mean=240 IlglL). A significant 
positive association (,.2=0.82, p<O.OOOl) existed between TP concentration and chlorophyll a 
during the 1992 growing season at AS (fig. 3.4). A weaker positive relationship was exhibited 
at AN (r2=0.46, p=0.015). 

SRP (soluble reactive phosphorus) increases from background levels ranging between 5-30 
J.lglL in the spring to between about 170-220 J.lglL in early July (fig. 3.4). As with TP, 
summer SRP values were lower in 1992 at AS (June-September mean=61 J.lg/L, min=10 pg/L, 
max=217 pgIL) than 1990 (June-September mean=99 J.lglL, min=13 JlglL, max=205 )lgIL) or 
1991 (June-September mean=162 J.lgIL, min=24 )lg/L, max=325 )1gIL). Similar trends were 
observed at AN. Contrary to 1990, but similar to 1991, no significant negative relationship 
existed between SRP and chlorophyll a. 

Similar to 1990 and 1991, TN (total nitrogen) trends mirrored those of chlorophyll a at both 
sites (fig. 3.5), again likely because of increased fixation of atmospheric N asAphanizomenon 
biomass increases. In fact, a highly significant linear relationship exists between chlorophyll 
a and TN (r2=.96,p<.0001) at AS and AN (r2=.94,p<.OO01). NH4-N (Ammonia-N) andNOa-N 
(nitrate-N) (collectively termed inorganic N) increased during biomass accrual in June (fig. 
3.5) and then declined and remained low through the growing season. Mean June-September 
TN at AS was 2033 }lglL (min = 628 J.lgIL, max=6975 )1glL) in 1992. Most of the increased 
nitrogen in 1992 occurs during the June biomass peaks. Contrary to 1990 and 1991, no 
second peak of any of the nitrogen species occurs. TN remains below 1000 )lg/L from July 
through September, and NOa-N and NH4-N are generally below 10 )lg/L for this period. 
Inorganic nitrogen was lower overall than either 1990 or 1991. 

The total nitrogen to total phosphorus ratio (TN:TPl is also influenced by the total nitrogen 
peak, rising from values around 5 in late spring to about 15 during the June biomass peak 
(fig. 3.6). Values range between 5 and 10 during the mid summer period, with another peak 
(20) occurring in August when a TP minimu..rn of39 J!g/L occurs. Despite seemingly favorAhle 



low nitrogen conditions (inorganic N:inorganic P ratios < 1) for the N fixing Aphanizomenon, 
the bloom never reappears during the July-September period, perhaps because of lower than 
necessary phosphorus concentrations. 

The percent of TP in a form available for growth (SRP will be used to approximate this 
fraction) decreases (<20%) during the June chlorophyll a peak, and increases (30-80%) during 
the July-August decline (fig. 3.6). This may indicate that a high concentration of actively 
growing phytoplankton is depressing available P concentration in the water column. 

Phytoplarakton 

Agency Lake phytoplankton is typically dominated by the blue-green algae <cyanophyta) from 
mid May through October, with Aphanizomenon flos·aquae accounting for greater than 90% 
of the total biovolume and of the Cyanophyta during this period (Kann. 1993). In 1992. 
however, the Cyanophyta and Aphanizomenon were dominant (>95% of the total biomass) 
ouly from late May through June (figs. 3.7-8). Total biovolume trends (fig. 3.7) are similar 
to those of chlorophyll a (fig. 3.4). Contrary to 1990 and 1991. when the major taxa 
represented in Agency Lake phytoplankton were the Cyanophyta. Cryptophyta, and the 
Chrysophyta (others were less than 5% of the total biovolume) (Kann. 1993). the 
Euglenophyta. Chlorophyta. Pyrophyta. and an unidentified flagellate can account for as 
much as 75% of the composition during the July-August period of low Aphanizomenon 
biomass (fig. 3.8). It appears that Aphanizomenon reached greater biomass earlier than 
either 1990 or 1991, and it is evident that the June Aphanizomenon biomass peak (fig. 3.8) 
exceeded any of those measured during the 1990 or 1991 sampling period (Kann. 1993). 

The early July decline of Cyanophyta (Aphanizomenon) in 1992 was replaced by the 
Cryptophyta, with Cryptomonas ouata comprising 54% of the total biovolume at AN (41% at 
AS) (appendix 3.3). Late July biovolume was comprised predominantly (>90%) by the colonial 
Cyanophyte Gloeothece sp. (fig. 3.B). Contrary to 1991 and 1992. no Microcystis aeruginosa 
was evident during this period. This may be caused by the lack of significant spikes of 
inorganic nitrogen. The August sampling period was comprised mainly by Chlorophyta 
(Chlamydomonas sp.) and Pyrophyta iGlenodinium sp). Cryptomonas ovata, C. reflexa. and 
Rhodorrwnas ;ninuta) dOluinate in Septenlber and October. DiatonlS {Chrysophyta) were 
mainly dominant during the spring with Asterionella formosa and Cyclotella sp. the 
predominant species. It is important to note that despite dominance by other divisions 
subsequent to the Aphanizomenon decline. relative biomass levels remain quite low (figs. 
3.7-8). 

The percent of biomass contributed by akinetes (fig. 3.9) is substantially lower than in 1990 
and 1991 (Kann, 1993). A slight increase does occur at AS during the late June crash (fig. 
3.9). This may be expected given that akinetes can serve as the source cells from which 
gennination of vegetative cells begins. Heterocysts made up the greatest proportion of the 
total biovolume in early May at AS, preceding the peak absolute number of heterocysts by 
one month (fig. 3.9). This may indicate the dependence of bloom establishment on early 
season nitrogen fixation. 

Further more rigorous statistical analysis of phytoplankton trends (dominant species and 
divisions, akinetes, and heterocysts) with such physical and chemical variables as 
temperature, light, and major plant nutrients is underway and can be expected to explain 
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some of the annual and inter-annual variation in both biomass quantity and taxonomic 
composition. 

Zooplankton 

Although late winter through early summer zooplankton abundance was dominated by the 
rotifera in 1991 (Kann, 1993), Cylopoid and Calanoid copepods were equally or more 
predominant for this same period in 1992 (fig. 3.10). The cladocera increased in abundance 
in June, generally concomitant with the onset of the Aphanizomenon bloom (fig. 3.10), and 
exhibited a bimodal peak at both AN and AS. Overall numbers of the Cladocera were 
substantially lower in 1992 than in 1990 or 1991. The major cladoceran present is Daphnia 
schodleri (recent genetic research has indicated this species to be Daphnia pulicaria, Michael 
Lynch, University of Oregon, personal communication), accounting for greater than 90 
percent of cladoceran numbers (fig. 3.11). Copepoda were prevalent throughout the season 
(fig. 3.10), with the dominant species being Epischura nevadensis andDiacyclops thomasi (fig. 
3.11). In 1990 and 1992, the copepoda were a small portion of the total abundance for the 
June-September period (Kann, 1993). Juvenile and naupliar forms of the copepoda are 
presented separately on figure 3.12. The rotifera comprise a small portion of the total 
abundance in August and early September, but rebound during the fall months (fig. 3.10). 
All zooplankton taxa were depressed during the July-August phytoplankton decline. 
Inter-annual differences and seasonal succession patterns will be further analyzed using 
statistical techniques. 
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Figure 3.1. - Sampling s~e locations in Agency Lake, 1992. 
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