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Abstract:

An intensive survey of the dynamics and production of the principal limnetic crustacean zooplankton
species in the Tongue River Reservoir was conducted during the period 2 October 1976 - 7 October
1977. The goals of the study were to document existing limnological conditions and to provide baseline
data needed to monitor potential impacts of current and future surface coal mining activities on lands
adjacent to the reservoir.

The species assemblage and dynamics of the crustacean zooplankton community in the reservoir were
found to be more typical of nonalkaline Colorado plains lakes and of shallow midwestern water bodies
than of lakes and reservoirs in the upper Missouri River basin. Two of the four principal cladoceran
species (Bosmina longirostris- and Daphnia galeata mendotae) were perennial whereas Ceviodaphnia
reticulata and Daphnia parvula were summer and early fall species which overwintered as ephippial
(resting) eggs. Of the three principal copepod species, two (Cyclops bicuspidatus thomasi and
Diaptomus siciloides) were perennial whereas Mesocyclops edax was a summer species which
overwintered primarily as diapausing fourth-instar copepodites, The life history of Cyclops in the
Tongue was distinctly different from other published studies due to the appearance of a large,
slow-developing winter cohort. Crustacean zooplankton production averaged 0.49 g m”2 day”-1 dry
weight and was similar to published values for mesotrophic and eutrophic lakes. It is suggested that
changes in population levels of planktivorus fishes (particularly the white croppie, Pomoxis annularis)
would have more noticeable effects on the composition of the limnetic crustacean zooplankton
community than would moderate changes in reservoir water quality.
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. ABSTRACT

An intensive survey of" the dynamics and production of the pr1nc1-
pal limnetic crustacean zooplankton species in the. Tongue River
Reservoir was conducted during the period 2 October 1976 - 7 October
1977. The goals of the study were to document existing Timnological
conditions and to provide baseline data needed to monttor potential
impacts of current and future surface coal mining activities on lands
adjacent to the reservoir.

The specfes assemblage -and dynamlcs of the crustacean zooplankton
community in the reservoir were found to be more typical of non-
alkaline Colorado plains lakes. and of shallow midwestern water bodies
than of lakes and reservoirs in the upper Missouri River basin. .Two
of -.the four principal cladoceran species (Bosmina longirostris: and
Daphnia galeata mendotae) were perennial whereas Ceriodaphnia
reticulata and Daphnia parvula were summer and early fall species
which overwintered as ephipptal (resting) eggs. Of the. three princi-
pal copepod species, two (Cyclops bicuspidatus thomasi and Diaptomus
sietloides) were perennial whereas Mesocyclops edax was a summer
species which overwintered primarily as d1apaus1ng fourth-instar
copepodites., The life history of Cyelops in the Tongue was distinctly
different from other published studies due to the appearance of a
Targe, slow-developing winter cohort. -2 1

Crustacean zooplankton production averaged 0.49 g.-m ~.day ~ dry
wetght and was similar to published values for mesotroph1c and

eutrophic lakes. It is suggested that changes in popu]at1on levels
of planktivorus fishes (particularly the white croppie, Pomoxis
armularts) would have more noticeable effects on the composition of.
the Timnetic crustacean zooplankton commun1ty than would moderate
changes in reservoir water quality.




INTRODUCTION

. Surface coal mining onllghdé abutting the southwest éhoré of the
Tongue River Reservoir was initiated in the summer of 1972 by Déékef
Coal Company. aning activity was.expanded to the southeast shoreline
in 1977 and is to exteﬁd northward-from'the West Decker mine site in
the near future (Figufe 1), ' _ | ' ‘

A series of aquatic reseafch ﬁrojects was initiated in the spring
of -1975 by the Montana Coopératfvg Fishery Research Unit in coopération
with the Montana Department of Fish and éame. The goal of these
studieS is to ‘describe se]eqted chemical, physicaTIand biological
characteristics of the reservoir, Adequate baseline information is
essential to the process of fdéntifying_and predicting current and
future Tmpacté of'surface\qoa1_mining within the drainage basin.

Virtually no information concerning the Timnology of this reser-
voir existed prior to the initiation of these studies, Whalen (1979)
thoroughly 1nvestiggted‘the chemical and physical characteristics and
primary productibn.in the reservoir during the period June 1975 .
through November 1976. - This study was initiated in Aprﬁ] of 1976 to
complemerit Whalen's (1979) investigation and éontinued until early
Qctober of 1977. The purpose of this study is to document the distri-
bution, abundance, population dynamics, and production of each major
crustacean zooplankton species in the reservoir and to determine the

flushing Tloss of zooplankton from the reservoir.




OUTFLO
S Lomn
le

TONGUE RIVER
RESERVOIR

EXTENTION=
FUTURE MINE

L, Aagasce

NANNEL,, EAST DECKER -
WEST DECKER- i PRESENT MINE
PRESENT MINE 7

5254 \
oisciANE £ i/
SCALE
INFLOW 0 KlLO"l!TEll 2

Figure 1. Map of the Tongue River Reservoir detailing the study area




3
This report summarizes data. collected betweenHZ October 1976 and
7 October 1977. Information Qbfajﬁed between Apfil'and'OQtobEr 1976
ére §ummarfzed elsewhere (Lééfhé i977). The methods and frequency of
plankton sampling werelsignffféanfly a1tereq {n October 1976 in order

to more effectively address,étddy‘aims.




DESCRIPTION OF STUDY AREA

The Tongue River Reservoir is Tocated in Big Horn_County;‘Montané
and is situated approximate]yIEZ-ki1ometers north of Sheridan, Wyoming
(Figure 2). The c11mate'bf this region is semiarid, average annual‘
precipitation is approximately.SO centimeters (USGS and Mont, Dept.'
'.State Lands 1977), Vegetation is primarily compriséd of sagebrush-
steppe and grassland-sagebrush community types (USGS and Mont. Dept.
State Lands 1977), |

Thé reservoir.was formed‘1h<1939 by the impoundment of the Tongue
River which originates in the Big'Horn Mountains of Wyoming, located
105 river kilometers to the sodfhwest. It was established for the
purposes of downstream irrigation and flood control.

The Tongue River Reservoir is of moderate size when compared to
other Montana impoundments (Appgndix Table 16). The reéervoir has
maximum dimensions of 12.5 kilometers by 1.4 kilometers and averages
5.9 meters in depth with a maximum depth of 18.0 meters at maximum
pool elevation (1044 meters; Table 1).' It is a deepwater withdrawal
reservoir, the bottom of the outiet is 15.2 meters below the spillway
crest. The Tongue River contributes 97.7% of the mean annda] dis-
charge into the reservoir; ground water, ephemeral streams, and othéf
tributaries are of minor importance (USGS and Mont. Dept. State Lands
$1977).

According to Whalen (1979) the Tongue River Reservoir is a hi]d]y

eutrophic, hardwater lake. Calcium and magnesium are the dominant
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Table 1. Morphometric data for the Tongue River Reservoir at
' .maximum pool elevation (1043 7 m).

. Maximum depth 2

Mean‘depth

_IDebth of outlet 3
Maximum length 2

Maximum breadth 2

Surface area

Usable capacity 4

Volume

Length of shoreline 3

iqu m (59.1 ft)
5.9 m (19.5 ft)
15.2'm (49.9 ft)
‘iz.s km (7.8 mi)
1.4 km (0.9 mi)

© 1277 ha (3156 acres)

740 X 10° m° (6.0 X 10* acre-ft)

757 X 10° m> (6.14 X 10* acre-ft)

60 km (37.3 mi)

Shoreline development 3 - 474

1

Definition and discussion of these parameters can be found in

Ried and Wood (1976) or Welch (1948)

Garrison, et al.

Penkal (1976).

(1975).

U.5.G.S. and Mt. Dept. of State Lands (1977). -

‘Usable capacity and dead storage volume.
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cations and are present 1n'near1y equal proportions in reservoir waters

'(Appendix TabTé 17) presumably because of the presence of large ambunts
of dolomite in the watershed. .31Carboﬁate and sulfate combriée the two
major anions. High sulfate Conééntrations in reservoir waters (3.35
merz—1 or 161 mg-'Z-—1 on the average at Station 25 Appendix TaETe 17)
apparently stem from the weathéripg of gypsum, anhydrite, pyrite, and -
sodium sulfate in the drainage.i-

Mean annual reservoir stofage volume for the'1976.and 1977 water

5

years averaged 488,6 X 10° cubic meters which was approximately 7.0%

higher than the 1961 through.1975 mean (Appendix Table 18). Except for
May 1977, all storage values fell within ranges observed over the pfe-
vious 15-year period (Figure 3). Average inflow and outflow discharges

were less than the 15—year means of 14.0 m3

1

-sec'1 (496 cfs) and 14,3
m3-sec' (523 cfs) but nearly all monthly values were included within
the ranges reported from 1961 to 1975 (Appendix Table 18).

The annual hydrological cycle has been described in detail by -
Whalen (1979).‘ Reservoir storage usually peaks in June (Figure 3) as
a.result of snowmelt and consequent runoff from the Bighorn Mountains.
Short retehtion times are common dufing the summer months because
large amounts of water are released through the dam to meet downstream
irrigation needs. Storage is lowest in the early fall months after.

which retention times increase to late winter maxima with a con-

commitant increase in reservoir volume. The mean retention time
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Figure 3. Storage volumes of the Tongue River Reservoir for the 1976
and 1977 water years as compared to the mean and extremes
observed over the period 1961-1975,

during the study period was 74 days and the range was 19 to 300 days
(Appendix Table 19).

The three reservoir sampling locations and the single outflow
station examined during this study are identical to those investigated
by Whalen (1979) and they appear on Figure 1, Average depth of the
reservoir stations ranged from a maximum of 15.2 meters at Station 1

(near the dam) to 3.9m at Station 3 at the upper end of the reservoir
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(Table 2). * Annual reservoir waterf1eve1 fluctuation was approximately

6.5 meters.

fab]e 2. Depth information fofﬁthree:samplfng Tocations on the Tongue
River Reservoir during the period 2 Oct 1976 - 7 Oct 1977.

Station  # Dates Mean debfh (m). Range (m) Fluctuation-(m)

1 17 15.2 11.5-18.0 6.5
2 38 - 10.8 . 7.5-13.5 6.0
3 17 3.9 0-7.0 - < 7.0




- METHODS

Chemical and PhysfcaT'Pafameters and
'Algal Standing Crop
During the first seven months of tﬁis study (May-November 1976),
chemical and physical parameters ana'primary.production wefe investi=~
gated by Whalen (1979). On each samp]ing date following this period;
water témpérature, dissolved oxygen, Tight attenuation, and ch1brophy1T.
_a concentration were measuréd by the author using methods identical to

those of Whalen (1979),

-Zooplankton

Field collection

As has been preyfous]y mentioned, the zooplankton sampling
program was significantly revised on 2 October 1976. As'pf this date
a 28.1 Titer échindler-Pdtalas p]exig]aﬁs‘p1ankton trap (Schiﬁd1er
1969) equipped with a #20 (80 micron) nitex net was employed at the
three reservoir stations. The trap was constructed by Montana State
University Mechanical Engineering_Shop personnel. This device was
well-suited to the purposes of this study’becauée it required no
calibration, was simple to operate by one person in shallow and 1c§—
covered waters, and is considered to be one of the mosf efficient
~zooplankton sampling devices (Schindler 1969; Prepas and Rigler 1978).
Zooplankton samﬁ]es were preserved in 95% ethanol and stored in 125 ml

French square bott]és.
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SampTing was conducted on a biweekly basis at the three reservoir
stations and in the outflow from 2 October 1976 until icesin in late
November 1976. Sampling af reservoir stations consisted of duplicate
integrated vertical hauls, each a composite of water trapped at one-
meter interyals from surface to bottom. Outflow saﬁp1es were collected
by straihihg water collected with an 8.57 plastic hatchery jar through
a #20 plankton net. Duplicate samples each representing 127.57 of |
filtered discharge water were obtained on each sampling date.
~ Station ? was selected for iﬁtensive investigation because it was
intensively studied by Whalen (1979) and found t6 be intermediate among
the three resehvoir-stétioné in terms of chemical, physical, and
biological charaqtefistics; Consequently, biweekly plankton collec-
. tions were obtained solely at this station throughout the iced-in
period (late-November 1976 to late-March 1977). Fo]lowiﬁg ice~out in
1977, Station 2 was sampled weekly whereas Stations 1 and 3 and the
outflow were ;amp1ed biweekly. To increase reliability of results,
duplicate sampling at Station 2 was superseded by trip]icate'sampling
as of 5 May 1977. Hillbricht-Ilkowska and Weglenska (1970) observed
' that a six-day sampling 1hter§a1 gave a reasonable estimate (+20-30%)
of midsummer production of crustacean zooplankton. Bottrell et al.
(1976) recommended weekly sampling during the summer with longer
intervals during other times of the year. Because of the large amount

of . time Tnvolved‘inythorqughTy analyzing weekly collections, standing
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crop, population dynamics, and produétion wére estimated at Station 2

only.

Enumeration: _

Replicate samples were combined aﬁd Eoncentrated in the Tabora- - -
' tory then diluted with 95% ethandi in appropriately sized beakers to
- volumes ranging between 150 ana 1800 m1§: Prepared'samp1es.were.

. agitated with a flat bladed spatﬁ]a to assure random distribution'of
organisms then subsampled using_azl ml Hensen-Stempel pipétte and
fransferred to a Sedgewick-Rafter counting cell. ATl organisms con-
tained in the.cell were enumefated at 40X under a binocular compound
micrdscope equipped with a mechanical stage.h Five 1 ml replicate
aliquots -were examined, noting the sex and reproductive condition of
target organisms. Norma11y a total of 100-500 1nd1viduaTs.of'tHé |
dominant species were tallied..

For the sole purpose of biomass estimation, copepod nauplii at
Station 2 were roughly apportiongd between species based on.re1ative ‘
density of adult females. Due to difficulty in making specific deter<
minations, early instar cyclopoid copepodite stages at Station 2 were.
tallied in total and later assigned to species based on species
identification resulting from instar analysis counts.

The Tength ofnc1adocerans in subsamples was measured to the

nearest 0.01 mm using an ocular micrometer at 100X total magnification.
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When possible, 50 individuals of each of the four important species
were measured.. Measurements on all crustéceans weré made from the
éntefior margin of the head to the posterior margin of ﬁhe carapaée,
excluding terminal spines or sgtaé; N

Cladoceran c1utch'size§ wefe deﬁermined by examination and
occasional dissection under a binocular dissecting micrbscope of
10-40 randomly se1ecteﬂ ovigéers females of each spéciéé, when =
obfainabTe. Clutch sizes of cdpepod,spécies were based upon dissection
of egg:masses frdm 2-10 ovigefogs cyciopoid females and 2;25 ca]anbid
females. At Station 2 on]y; egé dgnsities were estimated by the
product of ovigerous female density and mean clutch ;ize.

Organisms were identified using Brooks (1957), Edmondson (1959)

and Yeatman (1944) as primary taxonomic references.

Cladoceran Population Dynamics

The exponential growth mddei developed by.Edmondson (1960) has
been employed by many réseércher; to describe the dynamiC'nature of -
Timnetic cladoceran zoop]énktén populations and to identffy influen-
:tia1 environmental factors (Ha1l 1964; Kwik and.Carter 19753 Wright
: 1965). Linear hode1s can seriously underestimate population increases
when the sampling interval is longer than the generation time of the
species in‘questﬁon whereas exponential models account for this

problem (Edmondson 1960)f
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The fol]owjng equationzis5fhéguent1y used to describe the growth
curve characteristic of épeciegfwhjch exhibit periods of eprnentfajj

growth:

f TR o~ | » ) )
N : S
where No is 1nifia1 population size (organisms-z'l), N, is population

size (organisms-z_l)

t
at the end of time interval ¢ (days),.and r is

.the'inétantaneous rate of popuTation-changevon a per capita basis
(1"d1V1d”a1571ndiV1dUdT-1‘dayfl);. When equation (1) is converted to
Togarithmic form, Tshdetermiped;as follows:

InN, InN

pe—to0 | (@

The finite birth rate B (newborn-indiv%dual-l'day-l) was calcu-

Jated using the formula:

E

'B.= N;U _ _ : ‘(3)

where E is egg densfty (eggs-i'l), N_ is the initial population size,’

0
and D is duration of egg development (days).’

Cladoceran egg deve]opmeht times used in this study were calcu-
lated using the following regressions compiled by Bottrell et al.

(1976):

a.). Daphniidae (Daphnia SPp., Ceriodaphmia spp., n=80)
1nD=3.3956 + 0.21931nT - 0.3414(zaT)> =~ (4)




_ _,15
b.) Other €ladocera (Bbsmina spp., n=55)

2

nD = 2.3279 + 1.24721nT - 0.5647(InT) (5).

where D is egg duration (days) and T ‘s temperatﬁre (°C). These
regressions were utilized becﬁﬁsé of their broad data base which
encompassed many related species over a wide range of temperatures
and also because results weré'gombdrab1e to'the.findings of more
specific studies such as Kwik éhd.Carter (1975).

Considerable controversy exists concerning the proper:method of
calculating the instantaneous birth rate (b, individuals-ihdividual'l-

day'l). Using Wright's (1965)1data,,Caswe11 (1972) compared values of

b calculated using Leslie's (1948) formula:

b= — (6)
e -1
and that of Edmondson (1960):
b =1n(l + B) . - (7)

Edmondson (1974) concluded that the difference between the two methods
of calculation was minor and didanot alter Wright's conclusions.
Edmondson went on to suggest that the method with the stronger theo-
retical basis be used; consequently equation (6) was emp]byed in this
study since it accounts for mortality during the interval t.

Assuming 1mmigrdtion and emmigration rates to be negligible or

equal, the rate of population change (r) depends-upon the difference
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between natality (») and mortality (d):
Cp=b-d. g (8)
If natality ekceeds morta1ity7;heh r is positive and the popu]atioh
increases. If-the mortality rate is greater than natality then » is
negative and the popu]ation'deé1ines.' If natality equals morta)ity
“the rate of popu]ation_increasé is zero and the popu]atipn'remaihs at -
a constant level. Equation~(8).gan'be fearranged:
d=b-x | - (9) -
to facilitate calculation qf instantaneous death rate (d) based on the
previously Qetérmineq'instantaneous population coefficients b and r.
Most workers (George and.Edwards 1974; Hall 1964; Kwik and Carter
1975; Wright 1965) ca1cq1ate finite birth'rate B based on total popula-
tion at time zero (Nb)
(1960; 1968; 197435 1977) preferred method of expressing B based on

using‘equétions equivalent to (3). Edmondson's

| density of adult females in the popu]atidh éan 1ead to significant
error if improperly applied. For example; Geer (1977)'expréssed B in
Edmondson's terms then erroneously éppjiéd it to equation (6) to
derive the per capita based coefficient . Excessfve]y pdsitiye death
rate coefficients resulted when highly inflated values for'b were

substitued into equation (9).-
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Copepod Instar Analysis

.Since-copepoqs péss.through a series of identifiable  develop-
mental stages their pqpu]ation=dynamics are cbmmon]y,describedfby‘
instar analysis. However, 1deg£i%icatioh of copebodite 1nsfars'is
often difficult for fnexperiéthd,copepodb]ogists because opadue
tissues in preserved specimens hindér'observation of key morpho]ogicé1
features.

During routine enumeration of zooplankton samples it was noted
that the structural details: important to instar determination were
easily observed on moulted copepod carapaces. Subsequent expefimenta—
tion by the author with various tjsgue clearing agénts_resu]ted'in a.
simple and rapid method for treating copepods. The mephod is almodifi-‘
cation of the clearing procedure*recomménded by Pennak (1953) fof
chitinous insects and other arthropods; and a method qéed to clear
head cap§u1es of tarval Chfronomidae (Masbn 1973). It apparently has
not been employed in commonly referenced morphological studies (Comita
and Tommerdahl 1960; Ewers 1930; Gurney 1933; Humes 1955) nor in
published field studies. o '

A random subsample (approximately 1 ml) was pipetted‘from the
bottom of a sedimented .zooplankton sample and transferred to a beaker’
containing 10-15 mls of 20% pbtassium hydroxide solution (20 g KOH
crystals dissolved in 80 mls distif]ed water). _The zooplanktonQKOH

mfxture was heated over a.low flame to a temperature just below the
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boi]fng poiﬁt and maintained at that temperature until, the clearing’
process was comp]eted. Total elapsed time for treatment of a sampfe
‘ranged from 15-20 miﬁutes.. Randomly chosen aliquots of the mixture
were transferred to a Sedgewick-Rafter cell and a]i copepéds contained
therein were identified to'ingtar andltéi1ied. As many as 300 cope-
'podités of the dominant species in the sample were examined. - Calanoid
.copepodite instars Qere identified using %nformation prbvided by
Cbmita (1971) and Comita and Tommerdahl (1960) whereas cyclopoids Were E
' idéntified‘according to Geer (197?5 and Gurney (1935).. Specific
deéignations of first copepodite stages of the two méjor cyc]opoid
specie§ was Based on length-frequency analysis (Appendix Table 20)
since they could not- be differentia?ed_via morphological features.
Whenever possible, 2-10'1nd1§1dua1s of eaéh'instar of each species

were measured as described previously. -

Standing Crop

| B{Qmass was calculated for each c1adoceran'measured usiné formulae
from Botterell et. al. k1976) which appear in Table 3, Standing crop
of each speéieg was ésfﬁmated by the broduct of aVeragé individual
biomass and popu]atidn density. The mean biomass of each copepodite
instar fok’each'sbecies was calculated using the average length
observed over the coqrse_of the study and the formula of K1ekowskivand

Shuskina (1960) as cited in Edmondson and Winberg (1971). A factor of
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Table 3. Length-weight relationships for cladoceran species, .from
Bottrell et. al. (1976). Length (L) is expressed in mm,
weight (W) as mg dry weight.

Organism ' (n) ‘Equation

It

Daphnia spp. C . (1128) © nM = 1.7769 + 2.7166Znl

(w/eggs, embs, ov.)

i

Daphnia Spp. (1303) InW

1.4681 + 2.82927nl
(w/out eggs, embs, ov.) o

Ceriodaphnia _ (19) InW = 2.5623 + 3.33807nL °
quadrangula : ' ' :
Bosmina Spp. : (77) InW = 3.0896 + 3.03957nL

0.15 was used to convert wet weight to dry weight (Patalas, unpub-
Tished). Based on Wright's (unpublished) volume estimations, thé
biomass of a copepod egg was considered to be 0.0077 of the first
copepodite instéf biomass. Nauplius biomass was arbitfari]y'considered

. to be 0.5 of first instar biomass.

Production
Daily production rates were calculated for c]adoceraﬁs and cope-

pods on each sampling date using the generalized formuia:

W AW AW
oy A \ 11 X
P =N 5, + N —5, LT D, (10)
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where: '
P is daily production (gjm'z-day-l) of a ‘species. .

NI’ NII, e e

the developmental classes (I, II, ..... , X). Copepod devel-

N, are the densities of orgahisms (#-m-z) in each of

opmental classes are represented by instars, cladoceran
c1asses.by length groups.

AW

AW A wx are the weight gains assoqiated with growtﬁ

I’ 11> °*°
to successive instars or length. groups.

D, D .. D, represent the -amount of time (days) required for

I - _
an organisms to pass to the next instar or size class.

I’

Daily copepod production was computed for the classes egg to Cl;
Cl to €2; C2 to C3; C3 to C4; C4 to C5; énd C5 to aduft. Daf]y cladoc-.
eran production was calculated for the-intervals egq t0‘neonafe (new]y‘
bofn); neonate to primipara (first maturity); and primipara to adult.
Since it is imposﬁib]e to readily identify specific instars'of ciéddc#
eran species, developmental stages were de]fneated by 1ength—frequency ‘
_ana1ysis. Neonates were defined as the smallest free-swimming- individ-
ual measured during the study whereas length of the average minimum |
ovigerous female over the course of the sfudy.was used to deiineate .
primiparae. Thefmean Tength of a1T ovigerous females wasvused to

define adults.
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Instar duration times for Cyclops during the period‘Octqber 1976
through April 1977 were determined'by ihspéction of field data. From
April 1977 until the.end of the study, mean instar durations applied -
were calculated from the results of Geer (1977) and Wright (unpub.).
Instar duration times of Mesocyclops have been found to consistently
range between two and five days in intensive‘(saﬁpling qonducfed 1-3
times per week) field studies by Carter (1974) and Comité-(1972).
Hence, average instar durations computed psing Comita's.(1972j results
~ were used in estimating Mesocyclops production. Since Diaptomug Was._.
found to be a minor component.of the Tongue River Rese}voir zooplankton
asseﬁb{age, mean values for instar duration calculated from Comita
(1972) were employed. Copepod instar duration data afg presented in,
Appendix Tahles 21 and 22. |

The time requireq by cladoceran species to deve10p'fr6m neonate
to first maturity (primipara) was obtained from sévera] sources. _
Values presented by Pomerantseva (1974) were used for bofh spécieé of -
Daphnia at all teﬁperatures and for Ceriodaphkia at temperatures below
20°C. Hall, Cooper, and Werner's (1970) estimate of 3.5 days was used
for Ceriodaphnia at temperatures > 20°C. At temperatures > 20°C
Patalas's ‘(unpub.) value of 2.3 days was used for Bosmina. At lower
temperatures (< 20°C) values presented by Pomerantseva (1974) for
Chydorus sphaericus were employed in Bosmina production”estimation,l

since both species are small and exhibit hfgh growth rates.
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The duratjon of the adult stage of all cladoceran species were
computed according to equation (3) in HiT1bricht-i]kowska’éndwweglenska
(1970) which assumes that upon attainment of maturity, Qrowth in 1ength'
proceeds at one third the juvenile rate. ) '

Produc;ion-during an interval between two sampling dates waé cal-
cu1atéd by multiplying the average of the-two eﬁfimates by the elapsed
time (daysf according to equation (25) in Edmondson and Winberg (1971).
HiT11bricht-ITkowska and WegTenska (1970) observed that the above method
of computing interval production. most closely approx1mated "true

production.




RESULTS

Physical Parameters and ‘Algal Standing Crop

Temperature .
|

Orthograde temperature pfofi]es were observed in the fa]] of 1976
at Station 2 (Figure 4). Mean water temperature dec11ned.rapid1y from
- 16°C to 4°C between early October and early‘November 1976. During the
iced-in period (mid-November Fo late March) the Wafer po]umn remained
neér1y homothermic. Wind generated mixing in the shallow expoSéd res-
ervoir basin and deepwater withdrawal precluded thermal stratification
during the suhmer months. Mean water temperatures at Station 2 during
the spring and early summer of 1977 were noticeably hiéher than those =

observed by Whalen (1979) for the same period in 1976 (Figure‘S).

A comparison of mean water temperatures observed at the three res
ervoir stations during the period October 1976 to October 1977 (#iguré
6) revealed a more variable thermal regimé at Station 3 tﬁan at either
Station 1 or 2. The shallow waters of Station 3 warm more rapidly in
the spring, attain higher summer temperatures, and cool more rapidly
in the fall than dd the waters of the other reservoir stations. Tem-
perature and dissolved oxygen daté obtained in the inflowing and out-

flowing reservoir waters are summarized in Appendix TaBle 23.

Dissolved QOxygen

Orthograde oxygen profiTes were -noted during the fall, winter,
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Figure 4.

Seasonal isotherms (°C) at Station 2 of the Tongue River Reservoir during the

period October 1976 to October 1977.
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TEMPERATURE (°C)
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Figure 5. Seasonal trends in mean water temperature (°C) at Station 2 of the Tongue
River Reservoir during 1975, 1976, and 1977.
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Figure 6. Seasonal trends in mean water temperature (°C) at three stations on the Tongue

River Reservoir, October 1976 - October 1977.
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and early spring months (Figure 7), The gradual downward trend in
winter dissolved oxygen poncentrétions was reversed in Téte February
- when photosyﬁthetic activity (as indicated by chlorophyll a conCentra—‘
tions in the water column)- began to_inérease. Winter dissolved o#ygen
content remained high 1n.fhe bottom waters presumably due to 1ow.rates‘
B of‘primary production inldver1y5ng waférs, deepwater'withﬁrawa1,rthe
influence of infloWinQ waters, and the absence‘of decompoéing macro--
bhytes whose existence is precluded by highly fluctuating reservoir
water levels.

Although reservoir waters were not éppreciab]y stratified in
regards to temperature, clinograde dissolved oxygen profiles were
observed during the summer months. Dissolved oxygen Tevels in the’
bottom waters declined to 1'mg-2’1 and less for thréé consecutive
summer months when oxygen Was‘being rapidly consumed by microbial
"decomposition of organic matter synthesized in_the overlying tropho-.
genic zone, The well eétab]ished summer clinograde oxygen distribu-
tion was abruptly terminated in late August-early September, pre-
sumably as a result of rapidly declining reservoir water level and_
the increased 1mport§nce of wind generated mixing of the water column,

Seasonal oxygen saturation isopleths (Figure 8) are useful in
describing temporél and vertical variation§ ih dissolved oxygen con-
centration since oxygen so]ubi]it& increaéés with qecreasing water

temperature, Fall and winter oxygen levels approached or exceeded




1044

S ICE COVER :
1040 g
14 ’
1038 u 8 13
1036 3 {
7 T
1034} 0 1 12 10 12 o
U
1032 9 L s /—-4 I 7
03——‘]

1030 \ {g\l : : /_%/

F M A R S

BT n e “ 3 A e
1976 1977

ELEVATION (m)
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