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1.0 INTRODUCTION

The striped bass (Morone saxatilis) fishery in Lake Mead has

experienced numerous problems in recent years. Fishermen complaired that
the incidence of large striped bass in the catch decreased during 1980.
They also noted that a large percentage of the fish were emaciated and
in poor condition. These observations were substantiated by creel census
data (NDW 1980) which showed that angler success and condition factors
of striped bass decreased in 1980 (Baker and Paulson 1983). Nutritiomnal
problems were identified as the most likely cause for their poor

corndition (Sakanari 1981).

Threadfin shad (Dorosoma petenense) comprise the principal forage

base for striped bass in Lake Mead (Allan and Roden 1978, Albert and
Baker 1983). Echo sounding surveys have shown that shad were very
abundant in limnetic areas of the reservoir during 1972-1975 (Baker and
Paulson 1983). Limnetic areas in the upper basin and Boulder Basin were
rearly devoid of shad in 1980 (Baker and Paulson 1983). It appears that
predation by striped bass was the major cause for the decline in shad
aburndance. However, this was probably compournded by the léw fertility

and productivity in the reservoir.

Chlorophyll-a concentrations'averaged only 1.3 ug/l in the upper
basin and 3.0 pg/l in the Boulder Basin during 1977-78 (Paulson et al.
1980). Chlorophy1115 averaged 7 pug/l and ranged as high as 23 pg/1 in
Las Vegas Bay due to inflows of'secondary-treated sewage effiuernts from

Las Vegas Wash. Numerous investigators have found that fish production

is closely related to levels of phytoplankton productivity (Meiack 1976,

Oglesby 1977, Jones and Hoyer 1981). Rinnezetyale:{1981):also:noted:.

chatgthegabundgngg;oﬁﬁthreadfiﬁ7§ﬁ33*3§§*6I69élyﬁrelatedﬁtbfbhlafﬁphyll-




a concentrations in the Salt River Reservoirs,. Arizona. Shad are still
fairly aburdant in the Las Vegas Bay area suggesting that a similar

relationship exists in Lake Mead.

Thisfrela;iqnshiptmostflikely~reflects;theﬁeffecﬁgngﬁiyggggg
pgggggﬁix;;xAgqhgens;ﬁieswofiggoplank;gg,yZOOplankton comprise an
important compornent in diets of threadfih shad in Lake Mead (Deacorn et
al. 1972). Previous studies have shown that zooplankton standing crops
in. the reservoir were gernerally related: to cthrophyllﬁg‘concentrations
(Paulson et al. 1980, Wilde 1981). However, there.was considerable
seasonal variation in the relationship and. some:.differences:-in the
response of various zooplankton groupsto chiorophyli-a gradients in the
resérvoir. The Nevada ﬁepartment of Wildlife (NDW) initiated this
investigation to further evaluate the relationship between zooplankton
densities and various limnological factors in Lake Mead. The project was
part of a larger investigation being conducted by NDW to evaluate the

factors regulating the striped bass population ir Lake Mead.
2.0 DESCRIPTION OF THE STUDY AREA
2.1 Lake Mead

Lake Mead is a large interstate impoundment located 15 kminortheast
of Las Vegas, Nevada in the Mojave Desert of southeastern Nevada and
northwestern Arizona. The reservoir was formed in 1935 by construction
of Hoover Dam and is the second in a series of reservoirs on the
Colorado River that include Lake Powell, Lake Mead, Lake Mohave, and
Lake Havasu. Lake Mead extends 183 km from the mouth of the Grand Canyon

(Pierce Férry) to Black Cényon, the site of Hoover Dam. The reservoir is

28 km wide between Bonelli Bay and Overton, the northwest arm of the
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reservoir (Fig. 2.1.1). Lake Mead is comprised of four large basins:
Boulder, Virgin, Temple and Gregg Basin, interspersed with four narrow
canyorns: Black, Boulder, Virgin and Iceberg Canyon.‘The reservoir is
bordered by F?e Muddy and Frenchman Mountains on the north and the
Virgin and Black Mountairns on the south. In“this report, werrefer: toithe
area from-Virgin Basin to Piercé Férry as the Upper Arm; the area above
Boulder Canyon as the Upper Basin, and the area below 3oulder Canyor as

the Lower Basin.

In- terms- of volume;  Lake Mead is "the largest reservoir in the-
country, and second only to Lake Powell in surface area (Table 2.1.1).
The shoreline is extremely irregular {(SLD = 9.7) and includes several
large bays (Las Vegas and Bonelli) and numerous coves. The reservoir has
a short hydraulic retention time (3-4 yrs.) due to the great inflow from
the Colorado River. The discharge from Hoover Dam is in the hypolimnion
at 83 m depth (at operating level of 364 m). Other pertinent
morphometric characteristics for Lake Mead are summirized in Table

2.1.1.

The principél water inflow to Lake Mead is derived from the
Colorado River, but the Virgin and Muddy Rivers, which discharge into
the Overton Arm, and Las Vegas Wash, which discharges into Las Vegas
Bay, also contribute year-round inflows. There is only one principal
water diversion from Lake Mead. This is located at the Southern Nevada
Water Project near Saddle Island, where municipal, irrigatior and

industrial waters are diverted to the Las Vegas Metropolitan Area.

s : ’
The predominate geological feature of the Lake Mead floor and
surrounding area is the sedimentary deposits of the Muddy Creek

formation that were formed during the Paleozoic and Mesozoic eras
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Table 2.1.1. Morphometric characteristics of Lake Mead (Paulson et. al. 1980)

Parameter Lake Mead
Maximum operating level (m) 374.0
Maximum depth (m) = 180.0
Mean depth (m) 55.0
Surface area (ka) 660.0
Volume (m3 X 109) 36.0
Maximum length (km) 183.0
Maximum width (km) _ 28.0
Shoreline development* 9.7
Discharge depth (m) 83.0
Annual discharge (1977)(m> x 10°) 9.3
Replacement time at maximum operating 3.9

level (years)

* Unitless parameter to measure regularity of shoreline, value of 1 is equivalent

to a lake shaped in a perfect circle.




(Longwell 1936). These deposits coﬁsist of moderately consolidated sand,
silt and clay. There are also layers of shale, sarndstone ard limestone
interspersed with beds of gypsum, anhydrite ard rock salt (Longwell
1936). QePQﬁition;Qﬁ;fine:silt‘matéfiﬁiwgfggg“fEFHEEibﬁEb€ﬁthe?resérVOir
h&s;alﬁeredﬁ?h?;q;iginalzfloorfofrLake:Mead17Uﬁ?55‘25’ﬁf6f'éiltiwas
d@PQﬁiﬁ?@;??ﬁtb3¥9PP3£;r¢ache3fofﬂthefresérvdif“béforefLake“Pdwell&was

formed=in-1963 (Lara and Sanders 1970).

The vegetatiow surrounding Lake Mead is comprised primarily of salt

cedar (Tamarix gallica) and creosote bush (Larrea tridentata). Emergent

macrophytes are rare, but some coves contain a few isolated stands of

cattails (Typa sp.) and sedges (Scirpus sp.). Submergent macrophytes are

also rare, but Potomogeton pectinatus and Najas Sp. occur sporadically

in shallow coves.

The water quality of the Colorado River and Lake Mead is alkaline
(pH 7.5 - 8.3), and the TDS everages about 700 mg/1i. The princpal
constituents of TDS are the anions sulfate > carbonate > chloride and’
cations sodium > calcium > magnesium > potassium. Nitrogen
concentrations are moderate (ca. < 0.2 - .5 mg/1) but phosphorus: ig. =

extremely lowr(ca. .010 mg/1) throughout the river. Silica is present in

©very high quantities (ca. 7-8 mg/1).

The climate is arid with annual precipitation averaging about S cm.
Mean arnual temperature is about 19°C with a range from 45°C in the
summer down to -1°C in the winter. Winds are highly variable, but
generally, southerly winds prevail in the summer compared to

north-easterly winds in the winter.

Il I N I B B O . .. - S
. .

:_-.....’ . w r-\-——~! -......»1 ~ - onoony

aorn

~e ...

t

-



"-

3.0 METHODS

3.1 Sampling Locations

The locaticn of sampling stations in Lake Mead are depicted in Fig.
27 al g

2;¢T7i The stations are labeled by name and number for easy reference in

subsequent sections of this report.

3.2 Phytoplarkton Productivity

Phytoplarkton productivity was measured monthly, in situ, with the
14C-method (Steeman-Nielsen 1952, Goldmarn 1963). Bi-weekly
measurements were also made at the Lower Basin stations during summer

(July-September). Water samples were collected from O, 1, 3, 5, 7, 10,

15, 20, and 25 m, or to the bottom at shallow stations. Samples were

collecced with a 3-liter Van Dorn sampler and transferred to 125-ml

glass-stoppered reagent bottles. Two light bottles and an opaque bottle

from each depth were inoculated with 1 ml of a 1.0 uCi/ml

Nan'4

CO3 solution. The bottles were resuspended at the depth of
collection and incubated for a 3-4 hour period during mid-day. Since
several stations had to be sampled each day, syrnoptic incubations were
used for stations where light transmittance was similar. Stations 14a,
14b and 15 in the Lower Basin, 12a, 12b and 13a in the Overton Arm and
8b, 9a, and 9b in the Upper Arm were iﬁcubated on location. Station 11
(Virgin Basin) was incubated at station 12¢ (Echo Bay) and station 10
(Temple Bar) was incubated at station 9b (Gregg Basin). After the

incubation period, the bottles were stored in light-proof ice chests and

transported to the laborétory for processing.

The entire contents of each bottle were filtered through .45y

membrane filters (47 mm dia.) at 100 mm Hg. The filters were rinsed with

[ B T8 > I LA E SRy £ ELan oY
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-005 N HC1l to dissolve any carbonate residue embedded in the filters.
Each filter was transferred to a 22 ml scintillation vial, allowed to
dry. and then filled with 20 ml of scintillation cocktail (2 parts P7S:1
part Xylere). Radioactivity was measured with a Beckman LS-100
Scintillatioﬁ-Counter, calibrated with a certified standard

NaHMCO3 solution.

In order to determine inorgarnic carbon (120), total alkalinity
was determined on a water sample collected at the same depth as
phytoplankton productivity. Temperature and pH were first measured, arnd
a 50 ml sample was then titrated with .02 N HC1l to pH 4.8 (APHA 1975).
Inorganic carbon was calculated from conversion tables of Saunders et

al. (1962).

A pyroheliometer (Weather Master), placed in the vicinity of the
samplirng stations was used to record solar radiation during thé&
incubation period. Incident solar radiation was determined by planimetry
of the recording. Estimates of total daily solar radiation were obtained
from the University of Nevada, Las Vegas Biological Sciences Department
or the Las Vegas Airport. Daiiy phytoplankton productivity was computed
by extrapolation from the ratio of solar radiation during the day to
solar radiation during the incubation period. Integral (areal)‘
phytoplankton productivity {mg C/mz/day) was computed by trapezoidal

integration of discrete depth irnterval measurements.

3.3 Chlorophyll-a

Chlorophyll-é concentrations were measured monthly at each sampling

location. Weekly or bi-weekly measurements were also made at the Lower

Basin stations during summer (July—September). Ore-liter water samples

-
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were collected from a 0-2.5 m integrated sample at station 14a arnd a 0-5
m irntegrated sample at the other stations. The samples were stored in
the dark in an ice chest and immediately transported to the laboratory.
A 500 1000 ml subsample, deperding upon phytoplankton densities, was
treated witﬁ Qagneéium carbonate and filtered through glass fiber
filters (GFC) at 100 mm Hg. The filters were then ground in 3-5 ml of
90% acetone, and the final volume brought to 10 ml. This was followed by
a three-hour extraction period in the dark (Golterman 1969). The sample
was then centrifuged, and the supernatant decanted into 1 cm cuvettes.
Absorbance readings were made at 750, 663, 645, 630, 510, 480 rm on a

Perkin Elmer Model 552 Spectrophotometer. Chlorophyll-a concentrations

were calculated according to the equations of Strickland arnd Parsons

(1972).

3.4 Nutrient Analyses

3.4.1 Sample Collectiorn and Preservation

Nutrient concentrations were measured monthly at each sampling
location. Weekly or bi-weekly measurements were alsc made at the Lower
Basin stations during summer (July-September). Water samples for
nutrient analyses were éollected from a 0-2.5 m integrated sample at
station 14a and 0-5 m integrated sample at the other reservoif stations.
At deeper stations, samples were also collected at 10 m, 25 mand 70 m
with a Van Dorn sampler. Samples were also collected at 50 m and 90 m at
Hoover Dam (station 16). Composite sampleé were collected at the inflow
stations at a mid-depth in the water column with a 3-liter Van Dorn
sampler. Water samples f;r soluble nutrient analyses (ammonia, nitrate +
nitrite and ortho-phosphorus) were filtered through glass fiber filters

(GFC). All samples were frozen ard analyzed within 1-2 weeks after

0O




collectior.
3.4.2 Ammor.ia

A 50 ml filtered subsample, or a suitable aliquot diluted to the
range of senéitivity, was analyzed for ammonia with the phehol
hypochlorite method according to the procedures of Solorzano (1969) as
modified by Liédicoat et al. (1975). Absorbance readings were made at
640 nm in a 10-cm curvette with a Perkin Elmer Model 552

Spectrophotometer.

3.4.3 Nitrate :_Nitrite

A 50 ml filtered subsample, or a suitable aliquot diluted to the
range of sensitivity, was analyzed by the hydra;ine reduction meghod
first described by Mullin and Riley (1955) and later updated by Kamphake
et al. (1967). Absorbance readings were made at 543 nm in a 5-cm cuvette

with a Perkin Elmer Model 552 Spectrophotometer.

3.4.4 Total Nitrogen

A 50 ml unfiltered subsample, or suitable aliquot diluted to the
rarnge of sensitivity, was analyzed for total nitrogen according to the
methods of D'Elia et al. (1977). Absorbance readings were made at 543 nm

in a 1 cm curvette with a Perkin Elmer Model 552 Spectrophotometer.

3.4.5  Orthophosphorus and Total Phosphorus

Orthophosphorus and total phosphorus were determined using the

ascorbic acid method described by Stricklarnd and Parsons (1972) and APHA
(1975). For total phosphofus, a 50 ml, unfiltered sample was treated

with ar ammonia persulfate solution to release phosphorus from
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1i
particuiate ard dissolved organic matter. For orthophosphorus, a S0 ml
sample was filtered through glass-fiber filters, prior to addition of
other reagents. Absorbance readings were made at 645 nm in a 10-cnm
cuvette with a Perkin Elmer Model 552 Spectrophotometer. A more detailed
description ;% our methods of nutrient analyses are presented in Kellar

et al. (1981).

3.5 Nutrient Loadirng

Total:and inorganic: nitrogen and phosphoruszloads were determined
for the principal inflows to Lake Mead and the discharge from Hoover
Dam. Nutrienthbﬁé%ﬁfié€i6ﬁ§”Vere measured!month1y¢ingthe:Colqrado"
River;  Virgifi River, Muddy River, Las Vegas Wash and Hoover-Dam. Weekly
or bi-weekly measuremernts were also made in Las Vegas Wash during summer
(July-September). Discharge data were derived from the U.S. Geological

Survey Water Resources Data for Nevada annual reports.

Nutrient loads were computed monthly by eguation 1),

Q = C, x V. x ky---k_ (D
where:
Q = nutrient loads (kg/month)
c = monthly or average monthly nutrient concentrations
(mg/1)
v = average discharge rate’(m3/sec)
k = unit conversion factors
i = time interval (months)

H

Averagemanﬁﬁﬁ%ﬁfI@vﬁVGféﬁfﬁd“dOﬁCentraﬁidhsEfﬁﬂfwere determined by

equation (2).




2

!
<, O
e

- TRR (2)
1

Annual nutrient loads were then computed by multiplying 6 by annual

discharge rates.

Evansfand‘Paulsonf(1983),havefshownwthayygi}ﬁyggkpgypgntage
(10-39%)?0f*the“total”phosphOrus in the Colorado River and tributaries
issboundftaﬁsuspendedisgdiments;andzunavailable*for‘biOIOgicaI*uptake.
Based on results of that study, biologically available phosphorus (BAP)

was estimated by equation (3).

BAP = [TP - OP x 0.1] + 0P (3)

where:

BAP = biologicallv available phosphorus (mg/1)
TP

total phosphorus (mg/1)

opP orthophosphorus (mg/1)

3.6 Physical Measurements

Temperature, oxygen, pH and conductivity were measured monthly at
each station with a Hydrolab Model IIA or Model 8000 Water Qua}ity
Analyzer. Weekly or bi-weekly measurement were also made at the Lower
Basin stations during summer (July-September). Underwater light

transmittance was measured with a Li-Cor Model L-192 Underwater Quantum

Serisor.
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3.7 Zooplankton Sampling and Arnalyses

3.7.1 Zooplankton Collection and Erumeration

Zooplankton samples were collécted monthly at each station with a
Wisconsin pléﬁkton net {80 um mesh) in a vertical haul from 70 m at deep
stations or from the bottom at shallower stations. Weekly or bi-weekly
collections were also made at the Lower Basin stations during summer
(July-September). The saaples were preserved with a 59 formalin/sucrose
solution and stored at room temperatures in polyethylene vials.
Zooplankton identifications and counts were determined on three
replicate subéamples in a Sedgewick-Rafter counting chamber. Zooplankton
densities per unit area (number/mz) were estimated by extrapolation
from the actual area sampléd by the Wisconsin net. Zooplarkton dénsities
per unit volunme (number/m3) were calculated by dividing the
number/m2 by the depth of the tow. Although tows were made from 76 m
at the deep statiohs, these were standardized to 40 m to allow for

comparisons with historical data.

3.7.2 Zooplankton Feeding Experiments

Feeding experiments were conducted during July 23-12 August, 1981

in order to evaluate the growth and reproduction of Daphria pulex under

different natural food regimes. D. pulex were collected from Boulder

Basin and cultured in the laboratory on a Chlamydomonas reinhardi food

supply. Newly hatched D. pulex neonates from the culture were
transferred to 125 ml giass jars (one neonate/jar) containing water from
Lake Mead. Lake water wag collected from the inner Las Vegas Bay (14a),
middle Las Vegas Bay (14c) and Boulder Basin (15) and used as different

food treatments. The lake water was prefiltered to remove zooplankton.
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The jars containing lake water ard D. pulex neouates were then placed in
an outdoor pool at water temperatures ranging from 20-22°C, Wive
replicates were used for each food treatment. The water was changed
daily with lake water collected from the stations in Lake Mead. Fresh

lake water was collected every 3-5 days.

Food concentrations were determined by chlorophyll-a concentrations
in lake water collected from each station. Zooplankton feed on a variety
of suspended material in the size range from 4-30 um (Haney 1973).
Chlorophyll-a was therefore not a direci measure of grazable food.
However, it did provide an index of relative food availability because
the phytoplankton species composition in the inner Las Vegas Bay, middle

Las Vegas Bay and Boulder Basin is similar (Brown and Caldwell 1981).

D. pulex growth was determined by total length measurements on each
arnimal at the stary and end of the experiment. Reproduction was
determined by counting the number of neonates hatched in each jar. These

were removed from the jars when the water was replaced each day.

3.7.3  Zooplankton Statistical Analyses

A non parametric (Spearman Rank) correlation analysis was used to
evaluate the relationship among densities of dominant zooplarkton
species and various limnological and biological factors. The z§Oplankton
data were entered in the correlations as the number of organisms/m3
over 40 m standardized tow depths at deep stations or to the bottom at
shallow stations. Physical factors (temperature, oxygen, pH, and
conductivity) were entered as depth-integrated averages to 40 m at deep
stations or to the bottom;at shallow stations. Integral phytoplankton

productivity (mg C/mz/day) and 0-2.5 m or 0-5 m depth integrated

r
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chlorophyll-a were used in the correlation arnalyses. Total fish

abundance was entered as a relative value ranging from O-5.

3.8 Fish Echo Sounding Surveys

Echo so;;ding surveys were conducted at each station to determire
the relative abundance of fish. A Furuno Model FM 22-D echo sounder was
used in the surveys. This instrument sounds at a frequency of 50 KHZ,
and the transducer has a beam angle of 28°. Echo sounding transects were
run at an approximate speed of 5 mph for a distance of about 1000 m in
the immediate vicinity of each station. The echo sounding traces were
visually irspected for fish targets and assigned a relative abundance
value based on the following criteria: An abundance value of one was
assigned to traces with no targets; few targets were assigned a value of
two arnd several targets a value of three. A value of four was givén to
traces where numerous targets were present, and =a vai&e of five was
assigned to traces Qhere dense numbers of individuals or schools of fish

were present.
4.0 RESULTS

4.1 Temperature Structure and Stratification

i i s g

Waterztemperatires in thé four major basins™wérerisothermal~orinear
isothermal at.!4~12°C- from” December:through: February (Fig. 4.1.1-4.1.4).
Surface temperatures began to increase in March, and by June, a distinct
thermocline had developed. The thermocline was located at approximately

10 m in June and declined to a depth of 15-18 m by September as surface

H

temperatures cooled. By December, the lake was generally completely

mixed.



16

‘2861 Pue 1861 3utinp (qg) ugseq 33219 103 swaayjlosy aanjexadway, *1°1°% @2an81g

o
—
—0
N
—CC
—

-

x=

o o

=

4 r a

HLNOW

L1

09
— 0S
14

)

m

0

]

T

 -0€ F

—

m

@
4
R
)

(d6)N 1589

J3349 JUNLHYIIWIL



-

*Z861 Pue 1861 Suranp urseq wHaEw&.uou swiaylosy aanjeradua], ‘7 1°y 2and1y

HINOW
TP TT IV AN
09
2l
— 0§
R 14

l

[

m
SY3L3W H1d30

(BTINISBE F1dWAL FaNLBYTdWIL



Coe e leeww Gowel e kS0l SR A - | reced - o P S
- . gy ey iy R iy g R SR U R nap—

18

-

‘7861 Pue [g861 SBuranp ([[) ufseq :kuﬂ>.u0m Swisyjosy aanjeiddwa] ‘g [°y 2andyg

HLNOW
W dr a 4 r
I ||
09
— 0§
oY
=]
i
-
x
D€
:
- 0C
L
)

(TTINISBE NIDYIA J¥NLHYIINTL



2861 Pue 1861 Buranp (G[) uyseqg Iapinog I10j swiayilosy aanjeradwd] -4-[-y 2andyg

HLNOW
A A A L]
0s
— 0S
O

l

0

m
SY3L3W HLJ3C

(STINISHE ¥30IN0S JUNLEYIIWIL

.



20 |

There were some differernces in thermal structure between the major
basins with Gregg and Temple Basins beirg similar and Virgin and Boulder
Basins being similar. Maximum water temperatures in Gregg and Temple
Basins were gpproximately 2° warmer than those found in Virgin and
Boulder Basins. Gregg*and”Téﬁplé“BasinS”alsozhadscooleryhypolimnetig}
cempera;ggggmgggg}p;ggwin”s:;onggyﬁphgrmalvsfratificatioanThe;cooleg,
hypolimretic: temperatures in these basins»wereuthearesultkoﬁvcold~watgr

inflows: from-the Colorado River during summer.

Thermal structure at the shallow inflow stations was somewhsat
different than that in their respective basins.(Figs. 4.1.5 - 4.1.7).
Summer- surface. temperatures at Iceberg Canyon-(9b). were very similar to
those. found..in Gregg Basin, but the depth of the: thermocline was much
shallower, and winter and bottom temperatures were much cooler., This .
again was.due to the Colorado River inflow. Temperatures in the Overton
Arm (12b) and in the inner Las Vegas Bay (14b) were warmer than those at
their respective basin stations, and the depth of the thermocline was
generally deeper. Thermal stratification did not develop &t stations

with depths less than 15 m.

There were also some differenceé in thermal structure between years
(1981-1982) at all stations. Spring temperatures (April-May) were
generally 1-2° warmer in 1981, however, late summer temperatures
(Aug.-Sept.) were generally 2° warnmer in 1982. Thermal stratification
was stronger, and a shallower thermocline existed with the warm,

late-summer temperatures in 1982.

4.2 Oxygen Concentrations

Oxygen concentrations (December-February) were at or rear
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saturation arnd uniform down the water column {orthhograde) durirg the
isothermal periods in winter. With the development of thermal
stratification in Jure and July, oxygen concentrations in the
metalimnion were typically lower than those found in either the
epilimnion or hypolimnion (Fig. 4.2.1). This resulted in a negative
heterograde oxygen profile during summer. There was a progressive
decline in epilimnetic oxygén concentrations throughout the stratified
period ard minimums were lowest in the fall (Sept.-Nov.) just prior to
mixing. Oxygen depletion also occurred at the bottom and in areas of the
lake where the depth was less than 100 m. In shallow areas of the lake
(< 15m), oxygen concentrations usually remained high because thermal
stratification did not develop 2nd mixing was sufficient to maintain

high oxygen concentrations throughout the water column.

Mid-water oxygen minimums have occurred in Lake HeadLgver since the
reservoir was formed (Paulson et al. 1980). In the four major basins,
oxygen depletion was most severe in Gregg Basin followed by Temple an§
Boulder Basins with Virgin Basin having the highest oxygen
concentrations (Fig. 4.2.1). Gregg Basin, because of its relatively
shallow depth, had low oxygen concentrations in both the metalimnion and
hypolimniorn resuiting ir clinograde conditions. This was also found in
Temple Basin in 1981. Low oxygen concentrations were found in the
metalimnion and at the bottom in Boulder and Virgin Basins. The
magnitude of depietion was greater in Boulder Basin apparently because
nutrient inputs from Las Vegas Wash elevated phytoplankton production
which in turn increases oxygen demands in the metalimnion (Brown anéd

Caldwell 1981).

3

The magnitude of oxygen depletion throughout the lake was greater
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Figure 4.2.1. Dissolved oxygen isopleths (mg/l) during mid summer, fall
and winter in the main basin areas during 1981 and 1982.



in 1981 than in 1982. Phytoplankton productivity measuremernts in the
Upper Arm ard Overton Arm were discontinued in 1982, and therefore, we
could‘not determine if this was due to an overall decrease in
productivity: There was a decrease in productivity in Boulder Basin that
was related to decreased phosphorus 1oadingAfrom Las Vegas Wash in 1982
(see section 5.1.1). This could not have influerced conditions in the
upper basins based on known circulation patterns (Paulsbn et al. 1980).
Improved oxygen conditions in Boulder Basin were probably due in part to
decreased phosphorus loading, but this also had to be influenced by some
other factor operating throughout the lake. Changes in circulation
patterns and mixing of the Colorado River inflow are suspected as the

primary cause for increased oxygen concentrations in 1982.

4.3 Nutrient Loading

The Colorado River was the priﬁéipal nutrient source for Lake Mead
due to the large hydrologic input that it provides to the reservoir. The:s
Colorado: River contributed 63% of the total phosphorus’ (TPY inputs” fn
slightly higher than those from Las Vegas Wash. The Muddy River was an

insignificant phosphorus input to Lake Mead.

A large percentage of the total phosphorus inputs from the Colorado
River ard Virgin River was bound to suspended sedimerts. Evans.and
Paulson;(1983)1estimatedLthatztOGAO%;oﬁgthefsedimentiboundtphbsphorus
“waszbig&ggigg}};lgxg;;gble. Bio-available phosphorus {BAP) loads frgm
the Colorado River comprised 49% of the inputs in 1981 and 72% in 1982
(Table 4.1.1). Althoﬁgh TP loads from Las Vegas Wash were lower than the
Colorado River and Virgin River, it was a significant source of BAP and

OP. Las Vegas Wash provided 57% of the OP loads in 1981 and 45% in 1982.

- = =



Table 4.1.1. Nutrient loadings, loss rates and budgets for !
Lake Mead during 1981 and 1982.
NUTRIENT (t/yr.)
Total Bio-available Ortho Total Dissolved Inor-
Location Year Phosphorus Phosphorus Phosphorus Nitrogen ganic Nitrogen
Grand Canyon 1981 636 117 59 7433 3728
Las Vegas Wash 1981 115 90 87 930 820
Virgin River 1981 255 30 5 267 99
Muddy River 1981 2 1 Y 1 4
Total Input 1981 1008 238 152 8637 4651
Hoover Dam 1981 138 77 70 4978 3586
Output
Retention (%) 1981 86 68 - 54 42 23
Grand Canyon 1982 1126 160 53 6858 3784
Las Vegas Wash 1982 98 50 44 754 727
Virgin River 1982 111 13 _ 2 270 - 147
Muddy River 1982 1 _1 . 1 3 _3
Total Input 1982 1336 224 100 7887 4661
Hoover Dam 1982 89 - 46 41 4347 = 2852
Output ‘ )
Retention (%) 1982 93 79 59 45 39

IEE N BN I BN I I BN - =
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TheﬁColoradosRIVébfﬁééfﬁyffé;wgﬁgwfargest in

inorganic-nitrogen-to:-Lake Mead. It contributed 86% of the total
nitrogen (TN) and 80% of the inorganic nitrogen (IN) inputs during both
years of the study (Table 4.1.1). Las Vegas Wash provided about 10% and
the Virgin River 3-5% of the TN and IN unputs. The Muddy River was a

minor nitrogen input to the reservoir.

There was considerable seasonal variability in nutrient loading
from the Colorado River. TP, loads. were highest during’ the~summer and
early*fallawhen‘dischargeSffromiGlenn”Canyon‘Dam*were*elevatedrforxpowen
generation (Fig. 4.3.1). About.75-80% of the:phdsphorus.inputs;ocgg:ged
during- August-October-of both years. TN and IN loads were less variable,
but the highest loading also occurred during the summer and early fall

periods (Fig. 4.3.1).

Nutrient loading from Las Vegas Wash showed less seasonal
variability, but there were marked differences in loads between 1981 and
1982 (Fig. 4.3.2). Phosphorus loadiAg decreased considerably after July
1981 when the City of Las Vegas and Clark County reduced their sewage
effluent phosphorus concentrations to 1 mg/1l. This resulted in a 50-60%
decrease in TP, BAP and OP loads. Phosphorus loadings remained low and
fairly constart during the rest of the study, except during the
February, 1982 flood in Las Vegas Wash. TN and IN loads were also

slightly lower in 1982 than in 1981.

Nutriernt loss rates from Hoover Dam were high during both years of
the study due to the large discharges (Table 4.1.1).'However,
sigrificant amounts of nutrients were still retaired in the reservoir.
Total phosphorus retention was 86% in 1981 and 93% in 1982. BAP

retention was 68% in 1981 and 80% in 1982. OP retention was about 55% in
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both years (Table 4.1.1). About 45% of the total nitrogen inputs were
retained during both years. Irorganic nitrogen retention was 23% in 1981

and 39% in 1982.

4.4 Spatial, Seasonal and Arnual Variations in Nutrient

Coricentrations

Total phosphorus {(TP) concentrations in Lake Mead were generally
very low, except near the inflow stations. The highest TP concentrations
occurred in the inner Las Vegas Bay (14a) near the Las Vegas Wash inflow
(Fig. 4.4.1). TP concentrations exceeded .200 mg/l in the inner bay
during April-June 1981. TP concentrations decreased steadily during late
summer and fall of 198! and reached a minimum during the winter of
1981-82. There was an increase in TP concentrations in the inner Las
Vegas Bay during spring and summer of 1982, but levels were not as high
as in 1981. Orthophosphorﬁg (oP) coﬁcentrations followed similar
seasonal trends in the inner Las Vegas Bay (Fig. 4.4.1). However, OP
concentrations decreased abruptly during July 1981. This coincided with
the decrease in phosphorus losding that occurred in Las Vegas Wash when
the City of Laé Vegas and Clark County reduced phosphorus concentrations
irn their effluents to 1 mg/l. OP concentrations showed some increase
during the spring and summer of 1982, but concentrations were much lower

tharn in 1981.

TP concentrations decreased conéiderably between the inner Las
Vegas Bay and the middle Las Vegas Bay (140) (Fig. 4.4.1). Seasonal
variations were also 1es§ evident in the middle Las Vegas Bay, although
TP concentrations did inérease somewhat during summer and fall periods.

TP concentrations were lower during the summer of 1982 than in 1981. OP

concentrations in the middle Las Vegas Bay were low throughout the study
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=

-

..

[Ro 0 |

(.Nhu-.

*“

roa

-

n
Y

.y

I
r

L

..-. >

= o o oEm omm



Iyt

33

(Fig. 4.4.1).

TP concentrations in Boulder Basin (15) and other main basin
statiorns were very low and averaged .N05-.010 mg/1l (Fig. 4.4.1, Fig.
4.4.2). TP concentrations occasionally exceeded .02 mg/l near the irnflow
stations in the Overton Arm and Muddy Arm (Fig. 4.4.2). Peaks™it=TP7that
occurred in the Virgin Bowl (13a) arnd MuAdy Arm (12a) during July 1981
and at Gods: Pocket-{8a) and Iceberg:Canyon-{(9a) during August, 1981 were.
associated«withwhighen»phosphorus*loadingffroﬁ"fIOOds in" the river
inflows. Except for these events, TP concentrations generally remained
iow and did not show much seasonal or annual variation. OP
concentrations were extremely low in the Overton Arm and Upper Arm

during both years of the study (Fig. 4.4.3).

Total nitrogen (TN), nitrate + nitrite and ammonia concentrations
were also highest in the inner Las Vegas Bay (14a) (Fig. 4.4.4). TN
concentrations reached 2.2 mg/l at this station during June 1981. This
was associated with beaks in nitrate + nitrite and ammonia (Fig. 4.4.4).
TN concentrations in the inner Las Vegas Bay remained high through the
summer and fall of 1981, but in winter, TN levels, as well as nitrate +
nitrite and ammonia, were comparable to those in the middle Las Vegas
Bay (14c) énd Boulder Basin (15). TN, nitrate + nitrite and ammonia also
increased in the inner Las Vegas Bay during the summer of 1982, but

concentraticns were lower than in 1981.

Nixgqge}t:nitrite;ggggm;ggggn1xgnutriéﬁtgﬁtﬁﬁfféhowedﬁazdgfinite
seasonal-pattern:in.Lake-Mead. Nitrate + nitrite reached a maximum
during the winter-spring months when concentrations averaged .25-.30

mg/1 across the entire reservoir (Figs. 4.4.4 - 4.4.5). Nitrate +

nitrite concentrations then decreased steadily during the early summer,
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reached a minimun during August and September and increased again during
fall (Figs. 4.4.4 - 4.4.5). These trerds were evidernt throughout the

reservoir during both 1981 ard 1982.

There was little seasonal or spatial variation.in ammonia
concentrations outside the inner Las Vegas Bay (Fig. 4.4.6). Ammonia
concentrations averaged < .010 mg/1 in the middle Las Vegas Bay arnd
Boulder Basin and were about .005 mg/l elsewhere in the reservoir (Fig.
4.4.6). There was some seasonal variation in TN concentrations as a
result of seasornal changes in nitrate + nitrite (Figs. 4.4.4, 4.4.5),
but spatial differences were minimal outside the inner Las Vegas Bay

(Fig. 4.4.7).

4.5 Spatial, Seasonal and Annual Variations in Chlorophylli-a

Concentrations and Phytoplankton Productivity

v

Nutrient inputs from Lés Vegas Wash significantly elevated
chlorophyll-gvconcéntrations in the inner las Vegas Bay (14a).
Chlorophyll-a concentrations at this station exceeded 50 pe/l during the
spring and summer of 1981 (Fig. 4.5.1). Chlorophyll-a was slightly lower
during comparable periods in 198?, but concentrations were still high
considering that phosphorus loading in Las Vegas Wash was reduced to 1
mg/1l after July, 1981. Chlorophyllig concentrations in the inner Las
Vegas Bay during winter months were similar to those in the middle Las

Vegas Bay (14c) and Boulder Basin {15).

Chlorophyll-a in the middle Las Vegas Bay (14c) also showed an
increase Jduring the spring and summer months, but concentrations were
much lower than the inner Las Vegas Bay. Chlorophyll-a concentrations in

Boulder Basin and other main reservoir stations were extremely low, and
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there was little seasonal variation (Vig. 4.5.1). Chlorophyll-a
concentrations were, hcwever, elevated somewhat near the inflow stations
in the Overton Arm and Upper Arm (Fig. 4.5.1). Chlorophyll-a
concentrations reached 3-5 pg/l in the Virgin Bowl (13%a) and the Muddy
Arm (12a) during the summers of 1981 and 1982 (Fig. 4.5.1). Chlorophyll-
a concentrations also increased in Gods Pocket (8a), Grand Wash (8b) and
Iceberg Canyon (9a) during the summer of 1981 (?ig. 4'5f1)' The highest
chlorophyll-a in the upper basin occurred in April, 1982 when
concentrations in Grand Wash (8b) and Iceberg Canyon (9a) ranged from
7-9 ug/l (Fig. 4.5.1). Chlorophyll-a concentrations at these stations
decreased during the summer, but then increased again durigg September,
1982. Chlorophyll-a corncentrations during the winter months were

generally similar at all stations in the upper basin.

Phytoplankton productivity measurements were made at select
locations in the upper basin during January, 1981 - March, 1982 (Fig.
4.5.2) ard at the lower basin stations during the whole study (Fig.
4.5.3). Phytoplankton productivity followed the same seasonal patterns
in all areas of Lake Mead. Productivity was low during the winter months
then increased to a maximum during spring and summer and decreased again
in fall {Figs. 4.5.2 - 4.5.3). Spatial differences in productivity were
minimal during the winter, and rates averaged about 150-300 mg
C/m2/day at all stations However, there were marked spatial
differences in productivity durirg the spring and summer. Productivity
was highest in the inner Las Vegas Bay (14a) where rates ranged from
3,000-4,000 mg C/mz/day during most of the summer. Productivity
exceeded 10,000 mg C/mz/éay in the inner Las Vegas Bay during June
1982. Phytoplankton productivity in the middle Las Vegas Bay ranged from

2,000-3,000 mg C/m2/day during the spring and summer of 1981 but
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decreased to about 1500 mg C/m2/day during the summer of 1982.
Productivity in Boulder Basin was considerably lower than the middle Las

Vegas Bay, particularly during 1982.

Phytoplankton productivity irn the upper basin never exceeded 1000
mg C/m2/day during the period of measurement. Productivity was
similar in the Upper Arm stations duringtearly summer, but during late
summer and fall, rates were higher at Iceberg Canyon (9a) than Gregg
Basin (9b) or Temple Bar (10). Productivity in the Overton Arm was lower
than the Upper Arm and Las Vegas Bay (Fig. 4.5.2). Produétivity
differences were minimal among stations in the Overton Arm, except for a
brief period during May-Jure 1981. During this period, productivity was
higher at Overton (12b) and the Virgin Bowl ((13a) than the Muddy Arm

(12a).

4.6 Zooplanktori Dynamics in Lake Mead

4.6.1 Zooplankton Species Compoéition

The zooplankton community in Lake Mead was comprised of numerous
species of rotifers, cladocerans and copepods (Table 4.5.1). The
rotifers were the most diverse group, but the abundances of most species
were low. Polyarthra sp. and Syncheata sp. were the predominate rotifers
in the reservoir. They occurred at most locations and were abﬁndant near

the inflow stations. Asplanchna priodonta and the species of Keratella

were common during some periods (Table 4.6.1). The other rotifers were

rare and occurred infrequently in the reservoir.

The cladocerans were the second-mosi diverse zooplankton group in

Lake Mead (Table 4.6.1). Daphrnia pulex, D. galeata mendotae and Rosmina

longirostris were the most abundant cladocerans. D. parvula and




Table 4.6.1. .ooplankton species in Lake Mead.

Species Relative
Abundance
ROTIFERA
Asplanchna priodonta (Gosse) common
Brachionus calycifforus (Pallas) rare
B. patulus (Muller) rare
B. quadrnidentatus (Herman) rare
Collotheca sp. rare
Conochifus unicornis (Rousselet) rare
Dicrarophorus ap. rare
Euchlanis sp. rare
Filinia sp. rare
Kellicottia Longispina (Kellicott) rare
Kenatella cochlearis (Gosse) common
K. eanlinae (Ahlstrom) common
K. gracilenta common
K. quadrata (Miller) rare
K. serwlata (Ahlstrom) rare
Lecane Tlecans) Luna (Miiller) rare
L. (Monostyla) fLunaris (Ehrbg) rare
Lepadella sp. rare
PLoeosoma sv. rare
Polyarnthra spp. abundant
Syncheata ip. abundant
Trichocerca spp. common
CLADOCERA
Alona guttata (Sais) common
A. quadrangularnis (Miller) rare
Bosmina Longirnostnis abundant
Cerdodaphnia Lacustrnis (Birge) rare
C. quadrnangula (Muller) rare
Chydonus sphaericus (Muller) rare
Daphnia galeata mendotae (Birge) abundant
D. pulex (Leydig) abundant
Diaphanosoma brachyurum (Lieven) common
Leptodora kindti (Focke) rare
Macrochaetus sp. rare
Modina sp. rare
Polyphemus pediculut (Linne) rare
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Table - continued
COPEPODA

Cyclops bicuspdidatus thomasi (Forbes)
C. vernalis americanus (Fischer)
Diaptomus clavipes (Schacht)

D. neighandi (Marsh)

D. sdcilodides (Lilljeborg)

Eucyclops agilis (Kock)

Macrocyclops albidus (Jurine)
Mesocyclops edax (Forbes)

abundant
common
common
common
common
rare
rare
common

o~

~1



Diaphanosoma brachyurum were common during some periods of the study.

The other .cladocerans occurred srarodically ir the reservoir and their

abundances were usually low.

Cyclops bicuspidatus and Diaptomus siciloides were the predomirate

copepods in Lake Mead (Table 4.6.1). D. ashlandi, D. reighardi and D.

clavipes were common during some periods near the inflow stations.

Mesocylops edax wes alsc common in some locations.

4.6.2 Seasonal Succession and Spatial Variations in

Abundarces of Predominate Zooplankton

The seasonal succession patterns of Daphnia pulex were similar

throughout Lake Mead (Fig. 4.6.1). D. pulex abundances were low during
summer, increased in fall, reached a maximum in winter and then
decreased again during spring. During the winter periods, the highest
abundance of D. pulex occurred in the inner las Vegas Bay (14a),
followed by the Viréin Bowl 13a) and Iceberg Canyon (9a). The
abundances of D. pulex decreased considerably downlake from the inflow
stations during winter periods. Their abundances were low throqghout‘the

reservoir during summer periods.

The succession patterns of Daphnia galeata differed among locations

in the reservoir (Fig. 4.6.2). D. galeata reached maximum abundance
during spring in the inner Las Vegas Bay (14a), which was slightly later
than for D. pulex. D. galeata was also most abundant during spring in
the middle Las Vegas Bay (14c) during 1981, but in 1982; their peak
abundance occurred during fall (Fig. 4.6.2). D. galeata abundances were
extremely low in Boulder gasin (15), but did increase somewhat during

the summer (Fig. 4.6.2). This was also the case at the other main
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Seasonal succession patterns of Daphnia pulex in

Lake Mead during 1981 and 1982.
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reservoir stations in Echo Bay (12c) and Temple Bar {(10). In the Virgin
Bowl (13a), D. galeata reached maximum abundances during spring in 1981
ard winter in 1982 (Fig. 4.6.2). The succession patterns of D. galeata
were extreme}y erratic in the Upper Arm of Lake Mead. They reached
maximum abundance during spring periods in Iceberg Canyon (9a) but also

showed a secondary maximum during November 1981. In Grand Wash (8b), D.

galeata abundance was highest during fall in 1981 and spring in 1982

(Fig. 4.6.2), but a secondary peak also occurred in October, 1982.

The succession patterns of Bosmina longirostris were also extremely

variable (Fig. 4.6.3). There were two peaks of abundance in the irner
Las Vegas Bay (14a) during 1981, one during May-June and another, larger

peak during October. B. longirostris densities were lower at this

station throughout 1982, but there was some increase in their abundance
during the spring and summer. In the middle Las Vegas Bay (14c),.§.

longirostris reached maximum abundance during the summer of both years,

but they were less numerous during 1982 (Fig. 4.6.3).

Similar succession patterns were also evident in Boulder Basin
(15), Echo Bay (12c) Overton (12b) and Temple Bar (10), bdut densities

were low (Fig. 4.6.3). B. longirostris was more abundant near the inflow

stations in the upper basin. Their highest densities occurred during May
of 1981 and 1982 in the Virgin Bowl (13a), Grand Wash (8b) and Iceberg
Canyon (9c). Secondary maxima also occurred during fall and winter of
1981 at the Virgin Bowl (13a) and Grand Wash (8b). It is interesting to

note that B. longirostris was the only cladoceran that reached demsities

in the upper basin inflow stations comparable to those in the inner Llas

Vegas Bay (14a).

The abundances of adult copepods in Lake Mead were extremely low,
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except for the inner las Vegas Bay (14a) and the Virgin Bowl 13a). D.
siciloides, the dominant calanoid copepod, reached maximum abundance
durirg fall ard early winter at these stations (Fig. 4.6.4). Densities
in the inrner Las Vegas Bay (14a) were, however, rnearly five times
greater than.in the Virgin Bowl (133)..2. siciloides was present at the
other stations during these periods, but their abundances were very low

(Fig. 4.6.4).

Cyclops bicuspidatus, the principal cyclopoid copepod, was also

abundant in the inner Las Vegas Bay {14a) during late winter and spring
periods of both years (Fig. 4.5.5). The same seasonal succession
patterns were evident in the middle Las Vegas Bay (i14c) and Boulder

Basin (15), but densities were much lower. C. bicuspidatus was most

numerous during February, 1982 in the Virgin Bowl (13a) and Overton

(12b) (Fig. 4.6.5). Seasonal variations in C. bicuspidatus abundances
were minimal in Upper Arm stations, but some increases in abundances did

occur during winter and spring months.

There were no consistent seasonal succession patterns evident for
the predominate rotifers. The dersities of Polyarthra sp. and Syncheata
sp. were extremely variable rnear the inflow stations where they were
most abundant (Figs. 4.6.6 - 4.6.7). However, densities in the inner las
Vegas Bay (14a) were usually higher than stations in the Overton Arm or
Upper Arm. Rotifer densities were extremely low at the main reservoir

stations.

4.7 Relative Abundances of Fish

3

It was not possible to quantify abundances of individual fish

species from the echo soundings. However, these did provide a means to



0.5ICILOIDES UPPER ARM
2
& .5
u
J
[» 4
td
[+o]
£
D —
5.
.5 _|
ICEBERG (SA)
£T-BR (o
JeTs P ~. 3 B
0 S N N S S S f/?\ﬁ'l T 1
D.SICILOIDES OVERTON ARM
“
VIRGIN BOWL (13R)
g3 —
S
[
ul
£
g —
1 ]
TON (128) ECHO BAT (12C)
0 e Ntcncramg s e e e N a0 > A, I~ - f -
R N Y O S
D.SICILOICES LOWER BASIN
INNER LVB (14R)
20 _|
& 15 _|
—
-
< 4
[« 4
g
Z 10 _|
-4
s _|
MIDOLE LVB (14C)
\ B.BASIN (15)
0 e <
01T F 1T T T TTTT T T
M A:HJJARASONDUJIFMNRARMUIJIRASOND

Figure 4.6.4. Seasonal succession patterns for Diaptomus siciloides

MONTH

in Lake Mead during 1981 and 1982.

. 4 - -~ . P .

.

|

- -

frre=y

oeen iy

|

PN

(A

L~

=

]

PO PR

o en

. 0



s

C.BICUSPICRTUS UPPER A3y ‘

4
x3
3
~N
o
8
E2 ICEBERG (SR)
=z
G.WASH (88)
1
T.BAR (10)
0 ]
! T i
C.BICUSPIDATUS OVERTON REM |
4
VIRGIN BOWL (13R)
x 3
53 —
3
~N
o
&
2 _
z
Y overmo (1251(':
N . . ECHQ BAY (12C)
s L
8 T T T LT 1T ‘%“"‘T?"I".’-'W‘
1
C.BICUSPIOATUS LOWER BASIN j
|
g _| f
]
1
!
6 _| IyR LVB (14R) ;
- ;
. |
-4 H
ud i
g i
54 1
4
!
i
2 _| MIOOLE LVB (34C) ?‘
TN .BRSIN (15! /
SN T %
0 . D A N L.

Figure 4.6.5.

Seasonal succession patterns for Cyclops bicuspidatus
in Lake Mead during 1981 and 1982.

o

W



L ST I I OTL Y

PCLYRRTHRR UPPER Rgu

l

NUMBER/L I TER

l

'\‘t.HRSH (88) /

1S

>
(= ]
l

NUMBER/L I TER

V'I}GIN BOWL (13R)

7
TERIN 9B~ N~ e mar (10)
lllil]l][]lIIlllII

&
l

POLYRRTHRA LOWER BRSIN

»
(e ]
|

INNER LVB (14A)

NUMBER/L I TER
3 & 8 4
I l

—
wn
|

l

MIDDLE LVB (14R)

l

/
—B.BASIN (157™ i .

T T 111 11
ONDJFHRHJJRSOND
MONTH

T
J

VY ]

Figure 4.6.6. Seasonal succession patterns of Polyarthra sp. in
Lake Mead during 1981 and 1982.

- -



-u

15

[

NUMBER/LITER

S.HR{,H (88’

1.8AR, (10)

SYNCHEATR UPPER RR]M

T i T T 1 1 1T T T 111

8
|

NUMBER/L1TER
o
1

VIRGIN BOWL (13R)

ECHO BAY (120)

STNCHERTAR OVERTON ARM

QVEPTON ( IZB

L T 1 T T 7 1 IIT1I—I1

|

® 8
|-

N
(<1
I

NUMBER/LITER

STRGEHTR LOWER BASIN

INNER LVB (14R)

B.BASIN (15)

My

MIDOLE LVB; (14C)

|
J

Figure 4.6.7.

|
F

I l I
MARMNJIJIRS o N D J

MONTH

Seasonal succession patterns of Syncheata sp. in

Lake Mead during 1981 and 1982.

J R C N




8
estimate relative abundances of the total fish populatior.. The echo
sounding results indicate that fish were most abundant near the inflow
stations (Fig. 4.7.1). The highest fish abundances occurred in the inner
Las Vegas Bay (14a) and the Virgin Bowl (13a) (Fig. 1.7.1). Fish were
also fairly n;merous in the middle Las Vegas Bay [14c), Overtorn (12b),
Muddy Arm (12a) and stations upstream of Iceberg Canyon (9a). Fish were
extremely rare at the main reservoir stations (9b, 10, 11, 12¢, 15)
where the population consisted of a few scattered individuals. These

patterns were consistent during both years of the study (Fig. 4.7.1).

There were some seasonal variations in fish abundances near the
inflow stations (Fig. 4.7.2). Fish were generally most numerous during
the sprirg and summer months, and lowest abundarnces occurred during the

fall and winter (Fig. 4.7.2).

4.8 Statistical Aralyses

4.8.1 Zooplankton

A non parametric correlation analysis was used to evaluate
relationships among densities of major zooplankton taxa and various
enviroumental factors. The correlation analysis was run for the combirned
inflow statiorns (8a, 8b, 9a, 12a, 12b, 13a, 14a, 14b, BC4 and 14c) and
for the Las Vegas Bay stations (14a, 14b, BC4, and 14c) where spatial

and seasonal variations in zooplankion abundances and environmental

factors were most evident.

A number of statistically significant relationships were derived

from the correlation analyses for both data sets. Daphnia pulex,

Diaptomus siciloides and prlopsvbicuspidatus showed consistent regative

relationships to temperature, chlorophy1115 and fish abundance (Tables
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4.8.1 - 4.8.2). D. pulex was positively related to oxygen, as was c.

bicuspidatus for the combined inflow correlationus. Daphrnia galeata was

unrelated to any of the environmental factors. Bosmina longirostris was

poéitively rg}ated to temperature and chlorophyll-a and negatively
related to dissolved oxygen in both data sets (Tables 4.8.1 - 4.8.2).
The dominant rotifers, Polyarthra and Syncheata were positively related
to chlorophyll-a in both data sets and also to conductivity and fish
abundances in the Las Vegas Bay correlations. Syncheata also showed a

positive relationship to temperature in the Las Vegas Bay correlations.

4.8.2 Fish

A non parametric correlation analysis was also used to evalqate the
influence of environmental factors on fish abundances for the same data
sets. There was a significant positive relationship between fish
abundances and temperatures and chlorophyll-a for the combined inflow
correlations (Table 4.8.3). Fish abundances were also positively related
to these variables and also to conductivity in the Las Vegas Bay

correlations.

4.9 Effects of Experimental Food Enrichment on Growth ard

Reproduction of Daphnia pulex

The correlation analysis indicated that chlorophyll-a was an
important factor influencing abundances of zooplankton in Lake Mead.
This relationsﬁip was, nevertheless, highly variable due to the effects
of other factors 1like fish predation, and seasonality on zooplankton
abundances during the sumner months when chlorophyll-a concentrations
were highest. A feeding experiment was, therefore, conducted during July

and August of 1981 to more directly evaluate the effects of different
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Table 4.8.3 Correlation matrix between relative fish abundances
and various environmental factors for the Las Vegas Bay

and combined inflow stations.

-

-

Stations Temperature Oxygen pH Conductivity Chlorophyll—3
Las Vegas Bay S1** -.01 .05 L30** L45**
Combined Inflow .48** -1 .04 .08 L 34%*
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chlorophyll-a concentrations orn the growth and reproduction of Daphnia

Eulex.

D. pulex was used in the experiment because it is a major component
of the zooplatkton and because it is an important food item for fish in
Lake Mead (Deacon et al. 1972, Wilde and Baker 1981, Plaskett and
Paulson 1982)..2. pulex were reared in lake waters collected from the
inner Las Vegas Bay (14a), middle Las Vegas Bay (14c) and Boulder Basin
(15). Chlorophyll-a concentrations in ihe lake waters used in the
feeding experiments were monitored daily and results are presented in
(Fig. 4.9.1). Although chlorophyll-a was quite variable in the inner and
middle Las Vegas Bay, there were substantial differences in average
concentrations during the experiment (Fig. 4.9.1). Chlorophyll-a
averaged 40 pg/l in the inner bay and 11 ug/l in the middle bay during
the experihent. Chlorophyll-a concentrations in Boulder Basin were _

extremely low and averaged only ! ug/l.

The growth‘rates of D. pulex were significantly different in waters
from these three locations (Table 4.9.1). The highest growth rates
occurred in the inner Las Vegas Bay followed by the middle Las Vegas Bay
and Boulder Basin. The greatest differences in growth rates occurred
between D. pulex reared in waters from the middle Las Vegés Bay and
Boulder Basin. There were no significant differences in neonate

production between D. pulex reared in waters from the inner and middle

‘bay, except for brood 6 (Teble 4.9.1). Chlorophyll—é_concentrations in

the middle bay were approachirg levels in Boulder Basin during the time

of production of the 6thi brood. Reproduction of D. pulex reared in

Boulder Basin waters was suvstantially lower than those reared in Las

Vegas Bay waters.
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Table 4.9.1. Growth and reproduction of D. pulex in the inner and middle Las
Vegas Bay and Boulder Basin. Values are average lengths, average
number of neonates produced per brood, and total number of neonates.
Significant difference between treatments were determined by
Kruskal-Wallis Test. Horizontal lines indicate no significant
difference.

Location
Inner Las Middle Las Boulder Basin
Parameter

Vegas Bay Vegas Bay
X Chlorophyll-a (ug/l) 40 11 1
X Initial length (um) .73 .72 .66%
X Final length (mm) 3.17% 2.96% 2.26%%
X Incremental growth rate (mm) 2.44% 2.24% 1.60%*
X No. of Neonates Brood 1 8.8 8.4 6.2%
"o " " " 2 22.4 26.2 9,6%*
noon " " " 3 29.4 32.8 6.0%*
"noon " " " 4 38.2 41.0 8.7%%
"noow " " " 5 35.8 37.2 13.0*=*
" " " " " 6 . 59.0** 22.2**
Total No. of Neonates 822 839 184%%

** gignificant at p

* significant at p

.01
.05
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5.0 DISCUSSION

5.1 Reservoir Fertility and Productivity

The most prevalent limnological feature in Lake Mead during 1981
and 1982 was the extremely low phosphorus concentrations that existed in
most areas of the reservoir. Ortho phosphorus concentrations averaged
.002-.005 mg/1 in most of the reservoir {Table 5.1.1). Total phosphorus
concentrations averaged .005-.010 mg/1 ir the main basins (Boulder,
Virgin, Gregg and Temple), the outer Las Vegas Bay. Overton and Fcho Bay
(Table 5.1.1). The main basin areas had moderate levels of total and
inorganic nitrogen. Total nitrogen averaged .300-.400 mg/l and inorganic
nitrogen was .200-.300 mg/l in most of the reservoir (Table 5.1.1).
However, inorganic nitrogen levels were also reduced to very low levels

during the summer months.

Most of the reservoir was severely deficient in phosphorus on the
basis of total nitrégen:total phosphrrus ratios (TN/TP). The TN/TP
ratios exceeded 30:1 and ranged as high as 63:1 in the main basins
(Table S.1.1). N/P ratios greater than 10-15:1 are considered as the
transition point from nitrogen to phosphorus limitation (Schipdler 1977,

Smith 1982).

Chlorophy1115 concentrations were extremely low in the main basins
as a result of the phosphorus deficiencies. Chlorophyll-gvaveraged only
1-2 ug/1 (Tadle 5.1.2), and seasonal and annual variations were minimal.
Phytoplankton productivity averaged 300-500 ng C/mz/day.

Productivity was highest Quring the summer months, but rates never

B

exceeded 1000 mg C/mz/day.

Nutrient concentrations and productivity were higher near the
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inflow areas in the Upper Arm, Overton Arm and Las Vegas Bay. Inflows
from the Colorado River caused a slight increase in phosphoru§
concentrations at stations upstream of Cregg Rasin (Table 5.1.1),
However, these areas were still deficient in phosphorus. TN/TP ratios

ranged from 20-40:1 at the Colorado River inflow stations (Table 5.1.1).

Although the Colorado River was the>principal source of total
phosphorus to Lake Mead, a large percentage of this was bound to
suspended sediments and unavailable for phytoplankton. Moreover, about
75-80% of the phosphorus loading occurred during a three-month period
from August-October. The Colorado River forms a deep interflow in Lake
Mead during summer arnd fall due té'COId river temperatures and high
discharges (Paulsor et al. 1980). The interflow transports suspended
sediments and associated phosphorus into the metalimnion and hypolimnion
where siltation rapidly removes these materials from the water column.
Minimal release of phosphorus and mixing with epilimnetic waters occurs
downstream of the iﬁmediate inflow areas. The Colorado River thus hadva
minimum effect on phosphorus concentrations and productivity in the
Upper Arm. It did, however, cause some increase in chlorophyll-a in
Iceberg Canyor and upstream areas where concentrations averaged 2-4 1g/1
(Table 5.1.2). Phytoplarnkton productivity in Iceberg Canyon was also

-slightly higher than the main basins.

The Virgin River provided significant amounts of total phosphorus
to the Overton Arm. However, this too, was associated primarily with
suspended sediments. The largest inputs occurred during brief flood
periods. About 50% of the total phosphorus loading in 1981 occurred

during July and August as a result of floods. Bio-available and ortho

phosphorus loadings from both the Virgin and Muddy Rivers were minor

"\

i |

&
*

[ |

M

P,

I
i |

[ [aaire )

M

t

»



.-
Ea

-1144do10Tyd 103 yidap paIvafajuy w G*7 ~  §

S ¢ ¢ £ ¢ 6°1 91 'z 1884 €1 1t 0° Y €1 €Y L°61 7861 e-114ydosoTy)
£31ay39npoayg
- - - - - - - - - - 0oy 60€1 1S92 zg61 uoyuerdoifyg
[ $°T 92 81 01 L4 1T 1 0°1 6°0 €1 | Y 1Lz 1861 ©-114ydozory)
£3ya13onpoay
- - (429 S9y 9Z¢€ €6€ 69¢€ ey - 6€¢ 96¢ Ti191 HweLe 1861 uoyjuerdoldyqd
(eg) (q98) (v6) (96) (o1) (wen) (®21) (azn) (az1) (1) (s1) (€129 (®y1) awax A933uweieg
104204  yscy uofue) ugseq aeg 1mog way uyseq uyseg ua1 aAl

spoY puean 3aaqang 3829 91dway uisaya , Appny u03a9A0 Keg oyd3 urBaga aapnog ATPPIH  yadUU]L

UogIels/uoylwdo]

"Z861 - 1861 Buyanp
pPEd|] e UT SUOFIBDOT 3IDI[3IS 3B A%mv\we\o 3u) L3yarronpoad uorjuerdoifyd

pue syidap pajeadajur w ¢ - o 103 (1/31) MtAH%maouoazu a8eaaae Tenuuy -"z°1°G¢ aTqel

.




~1
.

relative to the other sources. However, these irnfiows did cause a slight
increase in total phosphorus and chlorophyll-a concentrations in the

Muddy Arm and the Virgin Bowl !Table 5.1.2).

The irnner Las Vegas Bay was the only area of Lake Mead where
nutrient corncentrations were sufficient to sustain high productivity.
Total phosphorus conceﬁtrations averaged .091 mg/1 in 1981 and .054 mg/1
in 1982 in the inner Las Vegas Bay {Table 5.1.1). Total nitrogen
concentrations were also higher in the innér bay than other areas of the
reservoir. The higher nutrient concentrations were due to inputs from
Las Vegas Wash. Las Vegas Wash was a major source of phosphorus, and it
provided about 10% of the nitrogen inputs to Lake Mead. Most of the
phosphorus inputs were supplied as ortho phosphorus which is directly

available to phytoplankton.

The Les Vegas Wasﬁ inflow also forms a density current in Las Vegas
Bay, but considerable dixing occurs during spring and summer when wash
temperatures are high (Baker and Paulson 1981). Total phosphorus
concentrations exceeded .200 mg/1 and total nitrogen ranged to 2.2 mg/1
in the irner Las Vegas Bay during summer of 1981. Total phosphorus arnd
total nitrogen concentrations were somewhat lower in 1982 due to
decreased loading from Las Vegas Wash. Ortho phosphorus concentrations
were considerably lower in 1982 as a result of phosphorus removal at the

City of Las Vegas and Clark County Sewage Treatment plants.

It does not seem that phosphorus removal had a significant effect
on rutrient limitation or algal growth in the inner Las Vegas Bay. TN/TP
ratios averaged 11:1 in 19§1 and 13:1 in 1982 indicating that the area
was either nitrogen limited or co-limited in both years. Chlorophyllii

concentrations and phytoplankton productivity were high during both
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years of the study. Average phytoplankton productivity was nearly
identical during 1981 and 1982. Chlorophyll-a concentrations were lower
in 1982 than in 1981, but levels were nearly identical to those reported
for the inner Las Vegas Bay during 1979 when phosphorus loading was much
higher (Brown.and Caldwell 1981). The supply of phosphorus from Las
Vegas Wash is apparently still sufficient to sustain high productivity

in the inner bay.

Phosphorus removal appears to have had some impact on total
phosphorus concentrations and chlorophyll-a in the middle Las Vegas Bay.
Total phosphorus averaged .025 mg/l in 1981 and .019 mg/l in 1982.
Chlorophyll-a concentrations were slightly lower in 1982 than 1981.
Phytoplankton productivity was also slightly lower in 1982 than in 1981
(Table 5.1.2) and lower still than rates reported during 1977-78 when
productivity averaged 2239 mg C/m°/day (Paulson et al. 1980). TN/TP
ratios were higher in 1982 indicating that phosphorus has become more
limiting, which in turn, seems to be the cause for this cﬁange in

productivity.

Total phosphorus concentrations and chlorophyll-a in Boulder Basin
were low prior to phosphorus removal, and there was not much change
between 1981 and 1982. However, phytoplankton productivity was lower in
1982 (Table 5.1.2), and rates in Boulder Basin are now comparable to
those in the upper basin. There has been a steady decline in
phytoplankton productivity in Boulder Basin since 1977-78 when rates
averaged 1301 mg C/mz/day (Paulson et al. 1980). Productivity
decreased to an average iof 956 mg C/mz/day in 1980 (Brown and
Caldwell 1981), 596 mg ¢/m%/day in 1981 and down to 400 mg

C/mz/day in 1982 (Table 5.1.2). The decline in productivity closely




parallels historic phosphorus loading from Las Vegas Wash. Loading began
to decline in 1978 when the county initiated chemical treatment to
increase the capacity of their secondary plant (Brown and Caldwell
1981). Annual phosphorus loadings have dropped steadily since then and
are now 70—80% lower than during the mid-1970s. This is the principal'

cause for the declire in phytoplankton productivity in Boulder Basin.

5.2 Factors Regulating Zooplankton Abundances

The average densities of major 200p1ankton groups (éladocerans,
copepods and rotifers) in Lake Mead were consistently higher near the
inflow areas (Table 5.2.1). Ehe highesp densities occurred in:the  inner
Las Vegas Bay followed by inflow stations in the Overton Arm and ‘the
Uppg;?A;m. Zoqplggk?gn densities consistently decreased down-reservoif
fromttbeiinflovs;_and'densities"werekloiést"ln'the“mainﬂbaSinfstationSa
These éatterns were evident during both years of the study. Zo;plankton
dersities were similar at the various sampling locations between years.
Cladoceran densities were, however, somewhat lower in the inner Les
Vegas Bay and other Lower Basin stations during 1982. Copepod densities
were also lower at locations down-reservoir of the middle Las Vegas Bay.

Rotifer densities were slightly higher in the Lower Basin during 1982.

The spatial variations in zooplankton densities closely paralleled
changes in chlorophy1113 and productivity. Empirical relationships
between zooplankton and phytoplankton standing crops have been
demonstrated for other lakes (McCauly and Kalff 1981). The feeding
experiments that we conducted with D. pulex in the Lower Basin stations
indicated that their growth and reproduction were limited by food
concentrations in Boulder Basin during the summer. Bartanen (1983) has

shown that food concentrations in Boulder Basin are also limiting
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populations of D. pulex during other periods. He conducted a series of
D. pulex feeding experiments during February-Jure 1982 and

November-February 1983 using Boulder Basin water with enrichments of the.

algae Chlamyﬁomonas reinhardi at 103 and 105 cells/ml. Growth of

D. pulex increased significantly with each enrichment clearly showing
that natural food concentrations were limitirg. Similar trends were also
evident in reproduction, although little or rno reproduction occurred in
a few months, apparently as a result of ratural reproduction cycles of
D. pulex. We found minimal differences in growth and reproduction of D.
pulex reared in waters from the irner and middle Las Vegas Bay.
Chlorophyll-a concerntrations averaged 40 ug/l in the inner bay and 11
pg/l in the middle bay during the feeding experiments. It appears that
chlorophyll-a concentrations somewhere between levels in Boulder Basin

(1 ug/l) and the middle Las Vegas Bay are limiting populations of D.

pulex.

Richman (1958) found that growth and reproduction of D. pulex
increased with increasing concentrations of C. reinhardi between 2.5 x
10% and 1 x 10° cells/ml. McMahan and Rigler (1963) and others
have found that filtering rates of Daphnia are constant (high) at low
food densities, but that above a critical food concentration, or
incipient limiting concentration, filtration-decreases with increased
food concentrations. These experiments demonstrate that there is an
upper threshhold where food concentrations are no longer limiting. Xring
and 0'Brien (1976) have shown that the incipient iimiting concentration
for D. pulex is less than 105 cells/ml. This was the upper food
concentration used by Bartanen (1983) and his reported growth rates at
105 cells/ml were probably near maximum. In our experiment, D. pulex

growth in the inner and middle Las Vegas Bay treatments was comparable
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to that found by Bartanen (1983) at the higher food concentrations

(105 cells/ml) when similar experimental temperatures were used.

It is clear from our feeding experiments and others (Richman 1958,
Burns ard Rigler 1967, Weglensak 1971, Haney 1973, and Demott 1982) that
food is limiting growth and reproduction of D. pulex in the majority of
Lake Mead. Las Vegas Bay and to some extent the inflow areas above
Iceberg Canyon and Virgin Bowl are the only areas where productivity is
sufficient to sustain optimal growth and reproduction of this species.
ft ig difficult to generalize these results to other species, but the
spatial variations in abundances of dominant taxa suggest that they are

also significantly influenced by chlorophyll-a concentrations.

The densities of dominant taxa were considerably higher in the
inflow areas, and the highest densities generally occurred in the inner
Las Vegas Bay during their periods of peak abundance. The cladocerans D.

pulex and D. galeata and the copepods Diaptomus sicilocides and Cyclops

bicuspidatus achieved maximum densities during the winter and spring.

During these periods, these species were most abundant near the inflow
stations. Densities were often two-three times greater in Las Vegés Bay
than the Overton Arm and Upper Arm inflow areas. However, the Daphnia
species and dominant copepods were reduced to extremely low levels at
the inflow stations during summer, and their abundances were often
higher at the deep, unproductive main basin stations. Conversely,

densities of Bosmina longirostris and the dominant rotifers, Poiyarthra

and Syuncheata, increased during the summer-fall months, although their
abundances were highly vdriable. These species were also most abundant

at the inflow stations.

The correlation analysis clearly reflected the seasonal variations



in abundances of the dominant taxa. D. pulex, D. siciloides and C.

bicuspidatus densities were inversely related to temperature,

chlorophyllji and fish abundance, whereas the rotifers and R.

longirostris were positively related to these variables. These

succession péiterns at first seem to simply reflect seasonal changes in
reservoir water temperatures. Temperaturgs began to increase in March
and April, and thermal stratification was well developed by late-May and
June. Thermal stratification did not aevelop at inflow stations less
than 15 m in depth, and water column temperatures were therefore, warmer
than main basin stations that did stratify. Our sampling did not include
an analysis of the vertical distribution of zooplankton, but-Burke
(1977) had shown. that zooplankton densities*ih"Bdhldér”Bﬁgiﬁfhérg
highest,atﬁjﬁrZQxP:du;ignghe summer. The temperature tolerances of
certain species (e.g. Daphrnia arnd the copepods) could be exceeded at the
inflow stations due“to the lack of a "thermal refuge" as exists in the
metalimnion or hypolimnion. The fact that such a "refuge" exists at the
deep stations could explain the persistence’of these species, although

at very low densities, in the main basin areas.

Daphnia and dominant copepod populations, however, began to decline
during spring when reservoir temperatures were cool and well within the

thermal tolerances for these taxa.

Most. zo0 lankt 1 and
ot “E

‘generally«exhlblt hlgher growth and, reproductlon as. temperatures

i Rl B e M TR L R e Aok i N

lncrease. Bartanen (1983) found this to be the case for 2, pulex reared

RN B

under enriched food concentrations at ambient temperatures in Boulder
Basin waters. Neohate® production: and: growth: rates:were:highest.during

thezsunmer when: temperqtames were, at~the1r Jmaximums: Daphnig and- Cyclopss
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bicuspidatus undergo rather externsive vertical migrations in Lake Mead

during summer (Burke 1977). During these migrations, they are subject to
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vertical temperature variations comparable to those that occur
seasonally in the epilimnion. It is, therefore, unlikely that
temperature is thé sole, or even most important factor regulating

succession patterns of zooplankton in Lake Mead.

The. correlation analysis showed that the spatial and seasonal
variations in zooplankton densities were also related to relative fish
abundances. Daphnia and-the.dominant.copepeds. vere . inversely. related to
fish: abundances. whereas. Bosmira.and..rotifers.were. positively.related.
Fish were numerous in the inflow areas during spring and summer periods
but rare in the main basin areas throughout the study (Table S5.1.3). It
was not possible to distinguish individual fish species from the
echosoundings, but it is likely that threadfin shad was the principal

fish present in the inflow areas. Electrofiéhing conducted in littoral

areas of Las Vegas Bay during 1970-71 showed that shad abundances were

low during the winter, increased in spring and reached a maximum during
summer (Deacon et al. 1972). Age I and Age II shad comprised the
majority of the catch during spring. The Age II shad spawned in May and

June (Deacor et al. 1972), and the Age O offspring were the most

" abundant fish in the reservoir during summer (Allan and Roden 1978).

Durirng this period, they occurred primarily in the epilimnion and

metalimnion (Deacon and Tew 1973, Paulson and Espinocsa 1975).

Threadfin shad are planktivorous and known to exert a considerable
influerce on the structure of reservoir zooplankton communities. «Rinne--

@t alendld 981 ) mfound.that. zoopiarkion.standing .crops were significantly
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Salt.River Reservoirs. The'spring-summer decline of Daphnia from

shallow, uplake areas of Bull Shoals Reservoir was caused by threadfin




shad predation {Applegate and Mullan 1969). Daphnia were able to persist
down lake due to greater depths that provided a refuge from shad which
occurred primarily in the epilimnion. The abundance of Besmina

longirostris increased during summer in areas where Daphnia were cropped

by threadfin shad. Large grazers like Daphnia utilize a broad spectrum
of food resources and typically dominate the plankton where predators

are rare (Brooks and Dodson 1965). Be-longirosiris.. is. less.affected..-bv.-

predation due to its small size. Cramer and Marzolf (1970) found similar

WD

succession patterns in Tuttle Creek Reservoir. Gizzard shad selected for

C. bicuspidatus adults arnd copepodites, and Daphnia spp. but d4id not

utilize Polyarthra or other rotifers. Copepods and cladocerans declined
in abundance but rotifers increased in Tuttle Creek Reservoir during

summer due to selective predation.

The succession patterns in Bull Shoals Reservoir and Tuttle Creek
Reservoir are similar to those we observed in Lake Mead. The-spring-time
deciine~of.Daphria.and. the copepods.fron.the-inflow-areas-coincided-with
an-increase-in-fish-abundance. The fish were presumed to be primarily,
but not exclusively, threadfin shad. Copepode-and~cladocerans.are
impozxantsgompggggtgmggﬁjgggadﬁin@shadqdietswiﬂmLakewMeadwduzingwsp:;pg
(Deacan..gt..alw=1972).« Predation by shad and other fish species seems to
be the most likely explanation for the spring-time disappearance of

these taxa from the inflow areas. In the absence of these superior

competitors, the B. longirostriskand rotifer populations were apparently

able to exploit the higher productivity and increase in abundance during
summer months. Fish were rare in the main basin areas, and predation had
minimal impacts on zooplankton populationms. However, oroductivity was

extremely low and limited the abundance of all zooplankton groups.
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5.3 Implications for the Striped Bass Tishery

‘Threadfin&shad»providefche)majonwforagevbasemiocvstriped~bass~in
Lake-Mead (Allan'and Roden 1978, Albert and Baker 1983) and in most
other freshw;;er impoundments (Stevens 1958, Goodson 1964, Edwards 1974,
Matthews and Hill 1983). Threadfin shad are ideal forage because they
seldom exceed a size beyound that utilized by adult striped bass or
other predators (Noble 1981). They are extremely prolific (Johnson 1971)
and can usually withstand heavy predation pressure. Shad occur primarily
in limnetic areas of reservoirs (Houser and Dunn 1957, Johnson 1970)
which is the principal habitat for adult striped bass (Combs and Peltz
1982, Matthews and Hill 1983). The success of most striped bass
fisheries is closely linked to the abundance and stability of threadfin

shad- populations.

Threadfin shad were adﬁndant in Lake Mead when striped bass were
:ntroduced in 1969. Adult shad (Age I and Age II) were prevalent in
littoral areas during the spring, and large numbers of juveniles
iispersed into limnetic areas in summer (Deacon et al. 1972). They were
particularly abundant in Las Vegas Bay and Bouldef Basin (Deacon and Tew
1973, Allan and Roden 1978) but were also numerous in Virgin Basin
(Baker and Paulson 1983). Juvenile shad comprised most of the limnetic
population (Paulson and Espinosa 1975), although adults were also
frequently captured iﬁ mid-water trawls (Allan and Roden 1978). Shad
occurred primarily in the epilimnion and metalimnion to depths of 15-20
m (Deacon and Tew 1973, Allan and Roden 1978). They dispersed into

deeper waters at the onéet of fall mixing, and large schools

overwintered in the deep basins (Allan and Roden 1978).

el




Threédfin shad remained fairly abundant in Lake Mead through 1975,
but the limnetic population declined considerably between 1976 and 1980
(Baker and Paulson 1983). Echosounding conducted in our current
investigation clearly demonstrates that the limnetic areas are now
virtually deﬁéid of shad and other fish life. This decline in the
limnetic shad population has had a tremendous impact on production of

adult striped bass.

Adult striped bass undergo rather extensive seasonal migrations in
reservoirs. They move into staging areas below tributaries and rivers in
fall, remain there over winter and then ascernd into the inlets to spawn
during spring (Combs and Peltz .1982). Adults return to the main body of
the reservoir during summer where they occur primarily in deep limnetic
areas. These migrations reflect behavioral patterns inherited fron
anadromous stocks and thermal preferences of the species (Combs and
Peltz 1982). Adult striped bass occupy reservoir depths where
temperatures range from 18°-22°¢C during summer months (see Cox angd
Coutant 1981). In order to satisfy these temperature requirements in |
Lake Mead, adults would have to move to depths of 15-25 m in limnetic
areas, or to areas near the Colorado River inflow during summer.
Suitable thermal habitats obviously exist in most of the reservoir, but
forage is scarce in all but a few of these areas. The middle Las Vegas
Bay and Colorado River inflow area seem to be the only locations where
the forage and thermal requirements of adult striped bass currently come
close to being met. There is little doubt that the lack of shad in
limnetic areas is a major factor limiting the population of adult

striped bass in Lake Mead.,

Reproduction, nonetheless, is adequate to maintain large numbers of
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juvenile and subadults in the population. Striped bass spawning seems to
occur primarily in the inflow areas during April and May (Allan and
Roden 1978). Temperatures range from 18-22°C during this period which is
optimum for hatching of striped bass eggs. Eggs hatch in about 29 hours
at 22°C (Set%ier et al. 1980). Newly hatched striped bass live in open
waters and zooplankton (usually nauplii) comprise their principal diet.
Zooplankton dernsities of about 100 organisms/liter are required to
achieve good growth and survival of larval striped bass (Eldridge et al.
1981). Zooplankton densities ir the inflow areas were in this range
during spring and summer, but densities were extremely variable and
often dropped below optimum levels. Larval striped bass typically
exhibit high survival because they can tolerate periodic food
deprivation during early development (Rogers and Westin 1981). Tﬁe eggs
have unusually large oil globules that allow larve to survive as long as
30 days without food {Eldridge et al. 1981). This gives larval striped
bass a distinct ad§antage in fluctuating plankton énvironments, like the
inflow areas, because they can survive periodé when zooplankton
densities drop 5elow optimum levels (Rogers and Westin 1981). It might
also allow larval striped bass to survive in dilute ernvironments like
the mair basin aress. There is §ome evidence that in-reservoir spawning
occurs in these areas of Lake Mead (Allan and Roden 1978). Zooplankton
densities in the main basins are far below that required for survival of
larval striped bass. However, the egg reserves couid supply larvae with
sufficient energy to either exploit larger volumes of water in search of
plankton, or fird plankton patches, thereby allowing for some survival.
This could account for the sightings of juvenile striped bass in the

unproductive areas of Lake Mead.

Larval striped bass form small schools once they reach lengths of

83



about 13 mm and move inshore where they remain during the first summer
(Setzler et al. 1980). Juvenile striped bass prefer areas with

sand/gravel bottoms. They remain planktivorous during the fifst year and

seem to prefer Daphnia, Cyclops and Diaptomus (see Setzler et al. 1980).
These taxa were fairly abundant in the inflow areas of Lake Mead during
fall, winter and spring periods and probably allowed for good survival

of juveniles through their first year.

Zooplankton genepally do not comprise a large portion of subadult
(Age I and Age II) striped bass diets (Setzler et al. 1980). However, in
Lake Mead, zooplankton are important items in the diets of both Age 1
and Age II fish during late winter and spring (Albert and Baker 1983).
Crayfish are also utilized during these periods. It is unlikely that
subadults can sustain good growth on zooplarkton, even at the higher
densities in the inflow areas. Little is known about the distribution
and abundance of crayfish in Lake Mead, but they seem to be fairly
.abundant in some afeas of the reservoir (Allan and Roden 1978). This .
offers éome forage for subadults, but again it does not seem adequate to
Asustain growth. There is a marked decrease in condition factors of
subadult striped bass during spring when invertebrates comprise the

majority of the diet {Albert in prep).

Juvenile threadfir shad are the preferred forage for subadults in
Lake Mead (Albert and Baker. 1983), and condition factors ircrease during
summer when shad predominate in the diet (Albert in prep.). Juvenile

shad are particularly vulnerable to predation by subadults during summer

because their distributions overlap. Subadults occupy reservoir depths

where temperatures range from 20-24°C during summer {Coutant and Carroll

1980). They can tolerate temperatures as high as 28-30°C with minimal
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effects on their feeding or growth rates (Cox and Coutant 1981).
Subadults can thus utilize the epilimnion and productive inflow areas
where shad densities are highest. This results in tremendous pressure on
the juvenile shad populations. The productive inflow areas seem to be
the only Iocé;ions where shad production is sufficient to sustain the
cropping by subadults. However, the shad population is mairtained at
critically levels because the inflow areas comprise such a small

percentage of the surface area in Lake Mead.

5.3.1 Relationship to Productivity

The decline of fhe threadfin shad population in Lake Mead is
related to changes in phytoplankton productivity. Limnological studies
conducted during 1970-T1 (Everett‘1972) showed that productivityAranged
from 700-1200 mg C/mz/day throughout the Lower Basin during spring
aﬁa early summer. Productivity was low in the Upper Basin and ranged
from 200-400 mg C/ﬁz/day during these periods. In September 1970,
productivity ranged betweéﬁ 3000-3200 mg C/mz/day throughout the
Lower Basin and 2000-3000 mg C/m2/day in the Upper Basin.

Zooplankton densities were highest in the Lower Basin, and peak
abundances occurred during spring and early summer (Everett 1972).
Zooplankton densities decreased to low levels throughout the reservoir
during summer. This coincided with the time when large séhools of

juvenile shad dispersed in limnetic areas (Deacon and Tew 1973).

Phytoplankton productivity in Las Vegas Bay during 1977-78 was
comparable to that in 1970-71 (Paulson et al. 1980). In Boulder Basin,
productivity was.similar‘during late summer and fall, but lower during

winter and spring in 1978. Productivity in the Upper Basin during winter

and spring of 1977-78 was nearly identical t» that in 1970-71, but rates
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were much lower during late summer and fall periods of 1978. Densities
of zooplanktor in Boulder Basin were lower during the spring and early
summer of 1978 than in 1971 {Wilde 1981). However, zooplankton were

still more abundant in the Lower Basin than the Upper Basir (Paulson et
al. 1980). No data were collected on shad abundance during the 1977-78

study.

Productivity in Las Vegas Bay during the spring and summer of
1981-82 was comparable to that in 1977-78, but rates during fall were
lower during 1981 and 1982. This was also the case in Boulder Basin
during 1981. Productivity in Boulder Basin was low throughout 1982, and
rates were equivalent to those invthe Upper Basin. Zooplankton densities
were uniformly low throughout Boulder Basin and the Upper Basin. The
productive inflow areas were the orly locations where zooplackton still

showed a pulse durirng the spring and early summer periods.

In the past decade, productivity has declined throughout the
reservoir during late summer and fall and has decreased during all
periods in Boulder Basin sincé 1977-78. It is not known what caused the
decline in late summer-fall productivity in the Upper Basin, but it ﬁost
likely reflects a change in phosphorus loading or mixing patterns of the
Colorado River inflow. The decrease in productivity in Boulder Basin
closely follows reductions in phosphorus loading from Las Vegas Wash.
This has had the greatest impact on the shad population because it
affected the entire area from Boulder Canyon to the middle Las Végas
Bay. Productivity is no longer sufficient to stimulate zooplankton
production during the spring and early summer. This provided a
substantial food base for.threadfin shad when they moved into littoral

areas to spawn during spring and for juverile shad when they dispersed
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to limnetic areas during summer. Such conditions still exist in the
inflow areas, but this only comprises about 10% of the surface area in
Lake Mead. Clearly, this is not adequate to maintain a forage base

necessary to support a productive striped bass fishery.

It will be necessary to restore the productivity, at least during
spring and early summer, in the main basin areas to affect a positive
change in the striped bass population. This could best be achieved by
increasing phosphorus inputs during the winter months when density
currents would transport the phosphorus into the main basins where it
would mix with the entire wafer column. A decrease in the level of
phosphorus removal at the sewage treétment plants, or phosphorus
fertilization in the Colorado River during winter months would elevate
phosphorus concentrations in both basins. This, in turn, would increase
phytoplankton productivity to levels more suitable for optimum

zooplankton production during the spring and early summer.

The main basin areas need not be especially productive to support
higher zooplarkton production. Our findings indicate that an increase in
productivity to levels comparable to those that currehtly exist in the
middle Las -Vegas Bay would result in a m#rked increase in the growth and
reproduction of dominant zooplankton. An increase in zooplankton
densities in such large volumes as the main basins would provide a
substantial food base available fof juvenile shad. Shad, like many other
clupeids, are capable of utilizing plankton in large, relatively dilute
water bodies (Lasher 1975). In Lake Mead, shad congregate near the

thermocline (Deacon and Tew 1973) where zooplankton are most abundant

‘during the summer (Burke 1977). They also undergo a diel vertical

migration through the epilimnion and ascend to depths near the surface




at night (Deacon and Tew 1973). These behavioral patterns apparsntly
allow shad to efficiently crop plankton from most of thé epilimniorn. The
successional ‘patterns observed by Everett (1972) suggest that
zooplankton were cropped from the epilimnion of mairn basin areas by

mid-summer during the early 1970's.

Although threadfir shad prefer zooplankton when availabie (Gerdes
and McConnell 1963, Applegate and Mullan 1969), phytoplankton and
detritus also comprise important components of their summer diets in
Lake Mead (Deacon et al. 1972), arnd other reservoirs (Haskell 1959,
Gerdes and McConnell 1963, Baker and Schmitz 1971). Shad are capable of
ingesting relatively small phytoplarkton cells by filter feeding in open
waters (Haskell 1959). The occurrence of numerous phytoplankton taxa in
shad diets from Lake Mead indicates similar feeding behavior (Deacon et
al. 1972). Deacon and Tew (1973) also reported that shad were densely
corgregated near the thermocline during late summer and fall. They
believed that shad kere drawn to this region to feed on detritus that
accumulated during summer. Haskell /1959) contends that phytoplankton'
and detritus are dietary supplements to principal foods, like
zooplankton, that have higher nutritional and caloric values. Shad
usually exhibit little growth on detritus due ts the poor nutritional
quality (Pierce et al. 1981), but if ingested in sufficient quantities,
it may allow for survival during periods when zooplénkton availability
is low; Phytoplankton and detritus would both increase if productivity
were restored in the main basin areas. This would be important in
survival of shad during late summer after zooplankton were cropped from

the epilimnion.

An increase in the limnetic shad population would primarily favor
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production of adult striped bass by providing forage in areas where
their trermal tolerances could also be met. Juvenile and subadult
striped bass reside in near shore habitats (Boynton et al. 1981) and do
not exhibit the seasonal migratory behavoir characteristics of adults
(Combs and éeitz 1982). Subadults primarily utilize juvenile shad
(Matthews and Hill 1983, Plaskett and Paulson 1982) indicating they are
not capable of ingesting or capturing adults. There is no documented
example of overexploitation of the forage base in impoundments by
subadult striped bass. Overexploitation typically follows recruitment of
a strong year class and is usually preceeded by temperature-induced
winter kills in southern reservoirs (Matthews and Hill 1983), or in the
case of Lake Mead, by declining productivity (Baker and Paulson 1983).
It is, therefore, unlikely that an increase in the limngtic shad
population will simply result in greater production of subadults.
Rather, it appears to be the key to restoring a more stable age

distribution in the population which is essential for a recovery of the

fishery.

It is, nevertheless, difficult to determine if the striped bass
population can be restored to levels that existed during the mid- and
late-1970s. It would‘be advisable to conduct an experimental
fertilization in one part of the reservoir before attempting full scale
fertilization. Such a test could besi be conducted in the Lower Basin if
measures cen be taken to reduce the level of phosphorus removal at the
wastewater treatment plants. If this were combined with a comprehensive
limnological and fisheries monitoring program, it would provide a basis
for evaluating more ext;nsive efforts such as fertilization of the

Colorado River.
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