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Phytoplankton mean biovolume and chlorophyll a con-
centrations were relatively low and, in part, contributed to
the excellent water transparency of Hayden Lake. The
seasonal succession of the phytoplankton community in Hayden
Lake resembled general trends described in other temperate
lakes (Verduin 1959, Wright 1964, Soltero and Hall 1985).

In early spring, the phytoplankton was dominated by small
cryptophyceans, dinoflagellates and diatoms that can exist
in cold water temperatures and low light intensity often
found with ice cover. A slight decline in total mean
biovolume was observed as the summer progressed and the
earlier algal assemblage was gradually replaced by
chrysophyceans and microplankton. The slightly lowered
biovolume may be related to a reduction in biologically
available nutrient in the euphotic zone (Wetzel 1983).

Blue-green algae, especially Osillatoria limnetica,
became a significant part of the phytoplankton community in

June and by late July had become the predominant species.

The explanation for the large increase in Oscillatoria
limnetica was uncertain, but similar species of Oscillatoria
have been found near the lower limits of the metalimnion in
other lakes (Hutchinson 1967, Reynolds 1984). It may be
possible that this type of algae prefers cooler temperatures

and decreased illumination found in the bottom of the

thermocline, or that Oscillatoria utilizes nutrients
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liberated from decaying, epilimnetic plankton suspended in
dense layers near the hypolimnion.

Relatively low chlorophyll a concentrations (study mean
= 2.04 mg m_3) reflect the decreased phytoplankton biovolume
found in Hayden Lake and was similar to other oligo- and
mesotrophic lakes (Sakamoto 1966). However, the seasonal
fluctuations in chlorophyll a concentrations did not
correlate with the seasonal fluctuations in algal biovolume.
This may be a function of changing species composition in
the phytoplankton with differing ratios of chlorophyll a
contents to cell biovolumes (Reynolds 1984).

Estimated primary productivity was also relatively low

“ day_l) which relates to the lower euphotic

(0.25 g Cm
zone chlorophyll a concentrations and is another indication
of the lake’s intermediary trophic status. An oligotrophic
lake usually has primary productivity of near 0.1 g C m_2
day-1 while a eutrophic lake typically has primary
productivity exceeding 1.1 g C m_2 day“1 (Vollenweider
1968) . The large increase in the estimated primary
productivity occurring in June was likely a result of
increased light, temperature and chlorophyll a concentra-
tions in the euphotic zone. Light and temperature values
continued to increase as the summer progressed, but

chlorophyll a concentrations declined after the early summer

algal pulse.
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Hayden Lake average zooplankton standing crop was
2136.40 x 104 organisms m_2 in contrast to an average
density of 4116.12 x 104 organisms m“2 for Spirit Lake, ID,
a mesotrophic lake (Soltero and Hall 1985). Gannon and
Stemberger (1978) postulate that oligotrophic lakes have a
smaller biomass than more eutrophic lakes. Cladocerans,
which are generally more abundant in eutrophic waters
(Gannon and Stemberger 1978), comprised only 1.9 percent of
the standing crop in Hayden Lake. Adult calanoid copepods
and copepodids (nauplii were not identified as either
calanoid or cyclopoid), although less than one percent of
the total standing crop, apparently were able to compete for
food at low (oligotrophic) food densities which usually
occur in oligotrophic systems (McNaught 1975). However, the
high percentage of cyclopoid copepods (44.6%) identified in
Hayden Lake would indicate a trend towards mesotrophy
(Patalas 1975, Gannon and Stemberger 1978, Chapman et al.
1985) . Kemmerer et al. (1924) and Vaughan (1949) also
determined that Cyclops, along with Diaptomus (Vaughan
1949), were the most abundant zooplankton species in Hayden
Lake.

The two most abundant rotifers, K. cochlearis and K.
quadrata, were probably able to escape predation by the
cyclopoid, C. bicuspidatus thomasi, due to the spiny

morphology of these rotifers (Stemberger and Evans 1984).
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In addition, the third most abundant rotifer, P. wvulgaris,
probably escaped predation by Cyclops because of the evasive
swimming techniques of this rotifer. Apparently, Cyclops
was able to take advantage by feeding on the rotifer, S.
pectinata (Brandl and Fernando 1981, Stemberger and Evans
1984), which was abundant in April and May when Cyclops was
beginning to peak.

The availability of suitable food for herbivorous
zooplankton on a percentage composition basis (green algae,
chrysophytes, cryptomonads, euglenoids and Microplankton as
determined by Porter (1973, 1977) was essentially the same
at all stations. Seasonally, zooplankton were more abundant
in the spring and phytoplankton biovolume highest in the
fall when zooplankton reached its lowest density. There
appeared to be effective grazing pressure on the algae by
the zooplankton (Fig. 11), but an analysis of the percentage
composition of the algae does not completely support this.
Rotifers, which feed on smaller particles such as bacteria,
fungi and nannoplankton (Ruttner-Kolisko 1974), constituted
70.3 percent of the April-May zooplankton peak. The smaller
food items were not quantified in the phytoplankton data
analysis, and therefore, not represented in Figure 11.
However, copepod nauplii, which do graze on phytoplankton,
were more abundant in the spring samples than at other times

of the year (21.9% of standing crop).
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As lake temperatures warmed in July, zooplankton numbers
declined dramatically and blue-green algae began to dominate
the algal biovolume. Cladocerans, primarily Daphnia, which
are more efficient grazers than rotifers and copepods
(Brooks and Dodson 1965), peaked in abundance in July.
However, blue-green algae may have had an inhibitory effect
on the cladoceran filtering apparatus (Porter 1977), which
could explain the low percentage contribution (1.9%) of the
cladocerans to the zooplankton standing crop. Fish
predation could have also lowered the cladoceran population
considerably (Brooks and Dodson 1965). They hypothesized
that fish will selectively prey on the larger Daphnia
allowing smaller, inefficient grazers to predominate
(rotifers, small cladocerans). Also, some feeding
inhibition may have occurred, since blue-green algae
comprised 34.5 percent of the total phytoplankton biovolume,
further lowering the cladoceran numbers in Hayden Lake.
Maximum numbers of cladocerans occurred at station 4 where
blue-green algal percentage composition was low.

When Daphnia peaked in September, phytoplankton
biovolume decreased sharply. At this time smaller, more
edible species of algae classified as microplankton were
present (17.3% of biovolume), although blue-green algae were
at a peak (56.2%). Cyclops, a predator, was the only

crustacean to increase in November. As a result,
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phytoplankton (primarily blue-greens) attained the maximum
biovolume of the sampling period, probably due to lack of
grazing pressure.

Low zooplankton densities would indicate that Hayden
Lake is oligotrophic bordering on mesotrophy. The low
numbers of cladocerans and the high percentage of rotifers
identified would support a trend towards mesotrophy. The
presence of inefficient algal grazers and the relative
absence of larger efficient consumers like Daphnia could
result in an increased algal standing crop. An increase in
algae due to lack of adequate grazing pressure could, in
turn, accelerate eutrophication.

There was essentially no indication of fecal
contamination in the sampled open water areas of Hayden
Lake. Shoreline samples revealed only one sample exceeding
10 FC 100 ml~ ! (Honeysuckle Beach) and was probably a result
of the crowded conditions which existed there during warm
summer days. An increase in FC in a high usage swim area
was not surprising since some natural shedding of human
bacteria is common and when it is confined to a small area
may affect the water quality (Cabelli 1977).

The higher FC counts in Hayden and Nilsen creeks were
attributed to the presence of cattle along their stream
banks which invariably results in contamination of the
stream. The low FC counts for the rest of the tributaries

probably best reflects undisturbed forest lands.
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Liebig’s "Law of the Minimum" states that growth of an
organism is limited by the substance or foodstuff which is
found in the least quantity as related to the organism’s
minimal needs (Wetzel 1983). 1In the aquatic environment, P
and N are generally the nutrients which limit primary
productivity and of these two, P is usually the element in
shortest supply (Rast and Lee 1978). A ratio of 16 nitrogen
atoms to 1 phosphorus atom is considered to be the decisive
point for assessing whether N or P is limiting algal growth
(Rast and Lee 1978). If a ratio of N:P is greater than 16:1
in the euphotic zone then P is limiting; conversely, if the
N:P ratio is less than 16:1 then N would be considered
limiting. Since the N:P ratio in Hayden Lake was calculated
at 40:1 and algal assays by the USEPA (1977) showed P to be
limiting, it would appear that any attempts to slow the
eutrophication process must be accomplished by reducing, or
at least maintaining, the current in-lake P concentration.
In order to control in-lake P concentration, steps must
first be taken to manage the sources of P loading.

The Hayden Lake watershed has the potential for
successful management of non-point and point nutrient
sources because the majority of it has been relatively
undisturbed and lies almost solely under administrative
jurisdiction of the U.S. Forest Service. This jurisdiction

should allow for efficient and consistent watershed
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management policies to preserve Hayden Lake water quality.
The management of the upper watershed has the most potential
for controlling critical impacts on the water quality since
this part of the watershed represents the source of
approximately two-thirds of the total P load to Hayden Lake.
In order for any other nutrient source abatement project to
be effective, the water quality from the watershed must be
preserved.

Proposed timber harvest in the watershed will probably
have detrimental effects on water quality of Hayden Lake
even when "best management practices'" are followed. Using
only the forested areas that will receive burning as slash
treatment and road construction (2.23 km?; 550 ac) in the
Yellow-Stacel, Deerfoot-Shamrock and B.P.A. timber sales,
and assuming concurrent harvest of all three sales, resulted
in an estimated 0.08 metric ton (3.3 percent) increase in P
load to Hayden Lake. This is not a worst case scenario as
it does not address the potential increase in P load from
the remaining 3.04 km2 (750 ac) that would receive selective
timber harvest in the proposed sales. Selective harvest
acres may also cause an increase in nutrient load but has
not been shown in the limited research literature now
available. The timing at which the increased P load will
enter the lake due to changes in the hydrologic cycle is

also not addressed. It may be that spring run-off will
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carry most of the new P load into the lake at an optimal
time for algal growth. This has the potential to cause at
least localized algal blooms in bays, or even large whole-
lake increases in algae growth. Therefore, it may be
inappropriate to use only increased P load without
considering other ecological aspects influencing algal
growth in Hayden Lake.

The cumulative impact of several separate timber harvest
projects more than likely poses the greatest threat to
Hayden Lake water quality. An average of about 1.21 km?
(300 acres) per year will be harvested in the next 10 years
(Lider 1986). This rate of timber harvesting will probably
be continued throughout following decades to meet USFS long-
term management plans for a 100 year harvest rotation. The
combined effect of each timber harvest project allowing
permissible degradation under '"best management practices"
will probably result in a significant long term decline in
Hayden Lake water quality. It has been the policy of the
USFS to file environmental assessments declaring "no
significant impact'" for individual.timber sales while
ignoring the cumulative effects of timber harvests. These
cumulative effects must be addressed before progress in
watershed management for lasting water quality in Hayden

Lake can be achieved.
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Phosphorus loading from near-shore sources also has the
potential to be reduced through corrective measures. The
major changes could be in the collection and central
processing of domestic wastewaters from lake homes.
Currently, septic tanks and drainfields are the most common
form of sewage treatment. This type of sewage treatment
allows leachate to enter the lake, especially when located
in close proximity to the shoreline. Alternatives for
sewage treatment that do not allow leachate to enter the
lake should be promoted by all people concerned with
preserving Hayden Lake water quality.

Poor watershed management practices in the past and
sewage leachate entering the lake from shoreline homes may
have accelerated the eutrophication process in Hayden Lake.
The combination of conservative forest practices in the
upper watershed and proper sewage disposal can slow this
aging process and contribute to the maintenance of Hayden

Lake water quality.
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