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EXECUTIVE SUMMARY

Las Vegas Bay and Echo Bay in Lake Mead have smdll, self-sustaining populations of razorback sucker
(Xyrauchen texanus [Abbot]). Increased productivity and cover have been hypothes zed asreasonsfor
successful recruitment of razorback sucker inLakeMead. Conversaly, reproduction hasbeen documented
on Lake Mohave, another lower Colorado River reservoir, but no recruitment has been observed. In
2000, BIO-WEST, Inc. was contracted by the Southern NevadaWater A uthority to design and implement
a dudy to examine nutrient levels, zooplankton density, and cover in areas with and without razorback
sucker recruitment success. We sampled Echo Bay, LasVegasBay, and Trail RapidsBay on Lake Mead,
aong with the Arizona Bay and Tequila Cove areason Lake Mohave. TheLake Mohavelocationswere
chosen because they are known to have razorback sucker reproduction, but no recruitment. During the
fird year of the study, we found that Las Vegas Bay had higher nutrient levels than dl other locations.
However, the amount of cover seemed to be the only factor distinguishing Las Vegas Bay and Echo Bay
from the other three locations. We hypothesized that increased cover may provide larva and juvenile
sucker with protection from predation by nonnative fishes. We suggested that the long-term lake level
fluctuations in Lake Mead may be responsgble for the increased cover and suggested continued studiesto
find links between environmenta conditions and razorback sucker recruitment.

In 2001 we collected information on water quality and nutrients, zooplankton density, and cover a Las
Vegas Bay, Echo Bay, and Trall Rapids Bay in Lake Mead and the Arizona Bay and TequilaCove areas
of Lake Mohave. Asin 2000, Las Vegas Bay had higher nutrient levelsthan al other locations. Overdl,
most sites had higher ammonium and phosphate levelsin 2001. The 2000 results showed no red trends
in zooplankton density, but in 2001 we found that Las Vegas Bay and Tequila Cove had a higher
zooplankton dendty than the other locations. Zooplankton dengty was substantidly higher a Las Vegas
Bay, Tequila Cove, and ArizonaBay in 2001 versus 2000. Cover was substantially reduced a Echo Bay
and LasVegasBay in 2001. In May 2001 no significant differences were seen in percent cover at any of
the locations. Lake level lowered over 24 feet from March 2000 to May 2001, and left much of the
submerged vegetation that provided cover in 2000 dry on shore. However, turbidity, which aso provides
cover, was Sgnificantly higher a Las Vegas Bay and Echo Bay than the other study locations.

We recommend continuing and potentialy expanding the sudy in future years. Cataoguing the conditions
present in different years, under different |ake devations, and corrd ating them with the presence of astrong
razorback sucker year class should identify what suite of factorsisimportant in alowing razorback sucker
recruitment in Lake Mead. Information on factors necessary for recruitment would assst in managing for
the recovery of the speciesin the Lower Colorado River system.
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INTRODUCTION

L ake Mead and L ake Mohave are both home to remnant popul ations of the endangered razorback sucker
(Xyrauchen texanus [Abboatt]). While the Lake Mohave population is much larger than the Lake Mead
population (Minckley 1983, Holden et a. 1999), the Lake Mohave population is perssting through
continuous rearing and stocking efforts by the U.S. Department of the Interior, Bureau of Reclamation.
Conversdy, the Lake Mead population, which was once thought to have been extirpated, is surviving
through limited recruitment in at least two aress of the lake: Las Vegas Bay (LVB) and Echo Bay (EB)
(Holden et a. 1999, Holden et a. 2000a, Holden et a. 2000b, Holden et al. 2001). Predation by
nonnative species is generdly accepted to be the reason why razorback sucker fail to recruit in Lake
Mohave (Marsh and Langhorst 1988, Minckley et a. 1991). However, predator abundance in Lake
Mead isthought to be at least as high asin Lake Mohave (J. Heinrich and M. Burrell, Nevada Divison of
Wildlife, persond communication). Therefore, other factors, such as productivity and cover (Holden et
a. in press) may help determine the success of razorback sucker recruitment inthe LVB and EB areas of
Lake Mead.

In spring 2000 the Southern Nevada Water Authority (SNWA) initiated a sudy designed to identify the
factors that might alow razorback sucker recruitment in Lake Mead. BIO-WEST, Inc. (BIO-WEST)
was contracted by the SNWA to develop astudy design to compare nutrient level's, zooplankton density,
and available cover at gtesin both Lake Mead and Lake Mohave. We implemented the study in spring
2000. The 2000 report reviewed available literature on nutrient levels, zooplankton abundance, and
razorback sucker recruitment and summarized the methods and results of thefirst year of the study, March
2000-May 2000 (Golden and Holden 2001).

The review of past studies showed that the LVB area of Lake Mead is more productive than most other
areas of Lake Mead and Lake Mohave. However, outsde of the LVB area, nutrient and primary
productivity values in Lake Mead are smilar to and even sometimes lower than those found in Lake
Mohave. Therefore, dataindicated that areas outside of LVB in Lake Mead and areasin Lake Mohave
probably do not differ in their food availability for larva razorback sucker (Paulson et a. 1980, Paulson
and Baker 1984). However, Marsh and Langhorst (1988) found that certain spawning areas in Lake
Mohave had extremely low zooplankton densities. Most of these historica data were collected from
limnetic areas of the reservoirs. Wefdt that limitations for larva razorback sucker would occur inlittora
areas, where they congregate, and designed our study to look at nutrients and zooplankton found in the
littoral zone.
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Therefore, during spring 2000 we measured nutrient levels, collected zooplankton, and mapped cover in
LVB, EB, and Trail Rapids Bay (TRB) in Lake Mead and TequilaCove (TQC) and ArizonaBay (AZB)
in Lake Mohave. As expected, we found that LVB had higher nutrient levels thanal the other locations.
However, we saw no mgor differences in zooplankton densities to indicate higher levels of productivity
at any onelocation. Zooplankton densities at al locations were rdatively low, especidly for zooplankton
in the size ranges preferred by larval razorback sucker. The amount of cover seemed to be the only
vaiable differentiating LVB and EB from the other three locations, supporting the ideaithat predation by
nonnetive fishesis probably amgjor factor impacting recruitment of razorback sucker in Lake Mohaveand
other areas of the lower Colorado River.

We hypothesized that the increased cover a these two Lake Mead Sites is the result of the longer-term
water leve fluctuations driven by climactic factors versus the annud regime of water fluctuation resulting
form water demand on Lake Mohave. BIO-WEST recommended continuing cover and productivity
studies, in conjunction with thelarval and adult studies dready ongoing on Lake Mead, to help identify the
exact years and sets of conditions that dlow recruitment to take place. The following report presents
findings from the second year of this sudy designed to determineif differencesin cover, nutrients, and/or
food can account for razorback sucker recruitment in certain areas of Lake Mead.
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Methods

We sampled the same genera study locations asin 2000: LVB, EB, and TRB in Lake Mead (Figure 1),
and AZB and TQC in Lake Mohave (Figure 2). However, some of the sudy siteswithin the Lake Mead
locations had to be changed in 2001 because of lower |ake devations that |eft some of our 2000 Sitesdry.
We tried to make each ste a 200 meter (m) x 20 m rectangle that encompassed a portion of shordine.
In LVB, thefive stes for 2001 were distributed from the new Las Vegas Wash inflow to the south shore
of LVB around Pitch Fork Cove (Figure 3) . The new entrance area of Las Vegas Wash was
approximately 400 m out into the bay, compared with last year. Additionally, dropping water levelsmade
parts of gte 1 and Ste4 unsamplegblein May. In EB the 2001 steswere located from the spawning wall
area on the south shore at the back of EB to the Pumphouse Bay area (Figure 4). At EB parts of Site 1
and ste 5 were unsampleable in May because of dropping water levels. In TRB siteswere located from
the back of the bay againgt the wash to just outside the mouth on the south side (Figure 5). The Stesin
AZB werelocated from the southeast corner of AZB to thefirst cove north of YumaCove (Figure6). The
gtesinthe TQC areaoriginated on the south shore of Sandy Point Cove and extended north to the second
cove north of TQC (Figure 7).

Sampling occurred during March and May 2001, which are months when larvd razorback sucker are
typicdly available in both Lake Mead and Lake Mohave. Within each 200 m X 20 m sSite, water quality
measurements and zooplankton samples were taken a three locations. We measured temperature,
dissolved oxygen, nitrate, ammonium, and total dissolved solids with a HydroLab Datasonde 4a and
Surveyor 4. After completing the 2000 study, it was brought to our attention that several researchersfelt
EB and LVB had higher turbidity than the remainder of Lake Mead and also Lake Mohave. Therefore,
we used the HydroL ab Datasonde 4a and Surveyor 4 to measure turbidity and took some secchi disk
depths during this second year of sampling. We took one grab sample a each site, preserved it with
hydrochloric acid, and stored it on ice until it could be returned to NEL Laboratories in Las Vegas for
andyss of total phosphorus. We pulled plankton tows using a30 x 90 centimeter (cm) plankton net with
80 micrometer (um) mesh at each of the threelocations. Towswere pulled horizontaly for gpproximately
6 m at 0-0.5 mfrom the surface. Therefore, the volume of water sampled was about 430.5 liters (I). We
used 10% formdin to preserve the samples that were returned to the laboratory for andyss. Findly, we
mapped aguatic cover (primarily dead or live vegetation) within each 200 m by 20 m site. Most aress
could be mapped through visud observation from the boat, but we used an underwater video cameraand
snorkeling to assess vegetation in deeper aress.
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General sampling areas on Lake Mead.

Figure 1.
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Figure 2. General sampling areas on Lake Mohave.

BIO-WEST, Inc. Productivity Comparison
February 2002 6 Lake Mead and Lake Mohave



Las Vegas Bay (LVB) sampling sites in 2000 and 2001.

Figure 3.
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Figure 4. Echo Bay (EB) sampling sites in 2000 and 2001.
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Figure 5. Trail Rapids Bay (TRB) sampling sites in 2000 and 2001.
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Figure 6. Arizona Bay (AZB) sampling sites in 2000 and 2001.
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Figure 7. Tequila Cove (TQC) sampling sites in 2000 and 2001.
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Zooplankton samples were examined and enumerated under 10x to 45x magnification using a Ward
Counting whedl. Specimens were identified to the order, and in some cases family (Cladocera) level.
Samples with large numbers of zooplankton were subsampled with a Henson Stemple pipette. We
subsampled by suspending the entire sample from a gte in 50 milliliter (ml) of water and extracting a2 ml
subsample with the pipette. Wetook two subsamplesfrom over 50% of the samples. Thetwo subsamples
were compared to determine the efficiency and accuracy of the subsampling method. After determining
that very little variation existed between subsamples, both 2 ml subsamples from each sample were
combined for andyss. Wetried to measure asubsample of 30 individuas from each taxonomic group in
each sample. Zooplankton density was cdculated as number of organismg/l.

We used andysisof variance with location and Site asthe main effectsto determine differencesin thewater
quality parameters and zooplankton density between siteswithin March and May 2001. In addition to the
total number of zooplanktorVl, we dso looked at the number of zooplanktorVl that were likely to be able
to befood itemsfor larva razorback sucker. Therefore, we aso compared the density of zooplankton
measuring < 0.3 mm (Papoulias and Minckley 1992) at each Site within each location as well. We
calculated the amount of cover by both thetotal areaof cover square meters (n?) within each location and
the percent of the total wetted areathat had cover at each site. We used anaysis of variance with location
as the main effect to compare percent cover at al locations during March and May 2001. We used
Tukey’ sHonestly Significant Difference multiple comparison test (Dowdy and Wearden 1991) to examine
dl possible differences between meansfor al analysis of variancetests. We used paired t-tests, modified
for unequa variances, usng Bonferroni-adjusted probabilities to compare differences between years a
each dtefor dl variables of interest.
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RESULTS

Water Quality

Smilar to the results from 2000, LV B differed sgnificantly from al other locationsin virtudly every water
quality parameter. In March and May al the sitesat LVB had sgnificantly higher mean nitrogen as nitrate
(NO3-N) concentrations than al other sites sampled (Figure 8, p<0.001). In March the mean amount of
NO?3-N within LVB washighest & L VB1 and declined significantly out to LV B4 (p<0.001 ), whilein May
the amount of NO®-N at Stesinthe LV B areawerein thefollowing order 2>1>4>3>5 (p<0.001). During
the March and May sampling, no significant differences in the mean amount of NO*-N were detected
between any other sites. The mean amount of NO-N did not differ between yearsat any of thelocations.

Similar trendswere seen for anmonium (NH*-N) as for nitrogen(Figure9). InMarch LVB sites 1-3 had
sgnificantly higher mean NH*-N concentrations than dl other sites (p<0.02). The LVB sites4 and 5 had
sgnificantly higher mean NH*-N concentrationsthan al sitesexcept LVB 1-3, EB 5and AZB 5 (p<0.02).
The AZB 5 and EB 5 sites had higher mean NH*-N concentrations than al other AZB, TQC, and TRB
stes (p<0.02). Mean concentrations of NH*-N were significantly higher in March 2001 than in March
2000 at al locations (p<0.001). InMay LVB siteshad higher mean NH*-N concentrations than al other
stes, and the concentrations were adso significantly different between stes & LVB, following the same
order as NO3*-N: 2>1>4>3>5 (p<0.001). Additionally, EB1 had significantly higher mean NH*-N
concentrations than severa AZB, TRB, and TQC sites (p<0.05). May NH*-N concentrations were also
ggnificantly higher at dl locations in 2001 (Figure 10, p<0.001).

Since only one measurement of tota phosphorus was taken at each Site, no conclusons can be drawn
regarding the satistical sgnificance of the findings (Figure 11). In March dl Stes a both LVB and EB
showed tota phosphorus leves above detection limits (0.01milligrams per liter [mg /1]). Water samples
fromtwo stesat AZB and TQC aso showed total phosphorus (P) levelsabove detection limits. TheLVB
gtes showed much higher levels of tota P than any of the other Stes. In May LVB 1-3 and 5 had tota
phosphorus concentrations above detection limits dong withEB 1, AZB 1and 4, and TRB 2. The LVB
1 ste had the highest levels of tota P followed closly by AZB 1 and TRB 2. Combining the five totd P
samples taken at each location during each sampling trip, we were able to satistically compare the total
P levels at the different locations between years (Figure 12). Mean tota P levelswere sSgnificantly higher
in March 2001 than March 2000 at LVB (p<0.001). No other differences were seen between years.
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Figure 11. Total phosphorus (P) measured at all sites in (a) March 2001 and (b) May 2001.
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Figure 12. Mean amount of total phosphorus (P) between years at each location in (a)
March and (b) May.

Totd dissolved solids (TDS) were significantly higher a dl LVB dtesin March (Figure 13) (p<0.001).
Within LVB, TDS showed a decreasing trend from Las VVegas Wash out to Pitchfork Cove (p<0.001).
The EB 1 ste had sgnificantly higher levels of TDS than three of the five TRB gtes (p<0.02). TheLVB
gtes had higher levels of TDS than al other Stesin May, as wdl (p<0.001). However, the decreasing
trend from the Las Vegas Wash area out into LVB was not as defined, with stes following this order:
2>1>4>3>5 (p<0.001). TheEB 1dgtehad sgnificantly higher levelsof TDSthandl TRB, TQC, and AZB
dgtesin May (p<0.022). No differences were seen in the levels of TDS between 2000 versus 2001.

Turbidity followed atrend smilar to TDS (Figure 14). In Marchturbidity washighestat LVB 1, 2, 3, and
5, and EB 1. All these steshad sgnificantly higher turbidity than other Stesat EB, TRB, AZB, and TQC
(p<0.05). InMay LVB 1 had the highest turbidity, being significantly higher than al other Sites, except for
EB 1 (p<0.008). The EB 1 ste had significantly higher turbidity than al sites except LVB 1 and 5
(p<0.001). In March Secchi disk depths at the two Lake Mohave locationsvaried from8.0mto 11.2m,
and they were dightly lower in May ranging from 6.5-7.2 m. Vishbility wasbest a& TRB in March, where
Secchi disk depths were greater than 17 m. Both EB and LV B showed decreased visihility a Stes near
the back of the baysthat increased toward the outermost sites. In March Secchi disk depths at EB ranged
from 1.6 - 11.8 m, and Secchi depthsat LV B ranged from 0.6-3.4 m. In May LVB again had the lowest
vishilityranging from 0.5-1.9 m. The EB Secchi depthsranged from 0.9-4.5 m, while TRB Secchi depths
ranged from 4.7-7.7 m. Part of thereason for the extremely low Secchi depthsin LV B in both March and
May was the extendve dgae bloom occurring throughout spring 2001.

Dissolved oxygen (DO) concentrations varied widely throughout thefive locationsin March, but they were
relatively the sameat dl locationsin May (Figure 15). Onceagain, LVB had theextremevaues. InMarch
LVB stes2-5 had sgnificantly higher mean DO concentrationsthan al other stesexcept EB 5, which was
not sgnificantly different from LVB 4 (p<0.05). All TRB stes had sgnificantly higher mean DO
concentrations than al AZB stes (P<0.05). A few EB stesaso had higher mean DO concentrations than
some AZB stes (P<0.05). In May differences seemed to be between individua sites and not between
overdl locations, dthough LVB till hed adightly higher mean DO levelsthan the other locations. Overdl
DO concentrations were higher in 2001. The LVB stes had sgnificantly higher mean DO concentration
in March and May 2001 (p<0.024), while EB and TQC stes had sgnificantly lower mean DO
concentrations in May 2001 (p<0.001). No differenceswere seeninthelevelsof DO between 2000 and
2001.

BIO-WEST, Inc. Productivity Comparison
February 2002 24 Lake Mead and Lake Mohave



147

127

0.8 7

TDS (mg/l)

0.6 7

04 7

0.2 7

AZB EB LvB TQC TRB

Location

| E, W, 6

1417

127

0.8 7

TDS (mg/l)

0.6

0.4

0.2 7

AZB EB LvB TQC TRB

Location

| E, 3B, 5

BIO-WEST, Inc. Productivity Comparison
February 2002 25 Lake Mead and Lake Mohave



Figur e 13.
80 7
Mean amou
nt of o total
dissol ved
solids o (TDS)
at all sites
in (a) o Marc
h a 2001
E
and S (b))
May 2 2001.
E
30 1
20 1
10 1
o
AZB EB LVB TQC TRB
Location
mE;, ;8,5
80 1
70 1
60 T
501
3
z
%‘40
E
30 T
20 1
| l:
0 T T 1
AZB EB LVB TQC TRB
Location
| B ;E,0
BIO-WEST, Inc. Productivity Comparison

February 2002

26

Lake Mead and Lake Mohave



16

14 1

12 1

10 1

DO (mg/l)

Figur o e 14.
Mean amou
nt of N turbi
dity at a | |
sites ] in (a)
Marc h
2001 o and
( b ) AZB EB LvB TQC TRB May
2001. Location

| E; 3E,E

16

14 1

12 1

10

DO (mg/l)

AZB EB LvB TQC TRB

Location

| E, W5

BIO-WEST, Inc. Productivity Comparison
February 2002 27 Lake Mead and Lake Mohave



Figure 15. Mean amount of dissolved oxygen (DO) at all sites in (a) March 2001 and (b)
May 2001.
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Zooplankton

In March 2001 mean dengty of zooplankton at LVB and TQC was sgnificantly higher than & TRB and
EB (Figure 16, p<0.001). However, the variability at Steswithin locations was very high. For example,
mean zooplankton dengty at LVB stes ranged from 27 organismg/l at LVB 5 to 99 organismg/l & LVB
4. When the data were andyzed looking a individud dtations, only LVB 4 had sgnificantly higher
zooplankton density than stations at TRB and EB (p<0.05). The LVB 4 ste dso had sgnificantly higher
mean zooplanktondensity than AZB 2 and 3 (p<0.01). For dl stes combined, mean zooplankton density
in March was significantly higher in 2001 (p<0.05), but within locations only LVB showed a sgnificant
increase in mean zooplankton dengity in March 2001 over March 2000 (Figure 17, p<0.001).

In May 2001 mean zooplankton density was highest at LVB (Figure 18, p<0.001). Additiondly, overal
meandengty of zooplankton wassgnificantly higher at TQC thanat AZB, EB, and TRB (p<0.021). Agan
variability was high between stes within locations. The LVB 1 Ste had an average densty of 10.8
organismg/l, while LVB 4 had an average of 44.4 organismg/l. Site LVB 4 had the highest dendity of
zooplankton, which was sgnificantly higher than al other Stesexcept LVB 2, 3, and 4 (p<0.007). For al
stes combined, mean zooplankton dengty in May was sgnificantly higher in 2001 (p<0.001), and within
locations AZB, LVB, and TQC had asignificantly higher mean zooplankton density in May 2001 over May
2000 (Figure 19, p<0.016).

Trends in smal zooplankton density(< 0.3 mm) were Smilar to those seen for total zooplankton density
(Figure20). InMarch 2001, total smal zooplankton dengity wassignificantly higher at LVB and TQC than
at EB and TRB (p<0.003). However, varigbility between individud steswas so high no sgnificancewas
seenin the location* Site interaction term of the ANOV A modd. Smal zooplankton density in May 2001
was lower thanin March a dl stes. In May, LVB and TQC had higher tota smal zooplankton density
than AZB, EB, and TRB (p<0.001). Some significant differences were seen between dtes, but they al
involved individua LVB and TQC gtes being higher than Sites at the other three locations. The number
of smal zooplanktor/l also showed the same differences as total zooplanktoryl between years.

We saw significant differencesin the percent composition of the different taxain both March and May 2001
(Figure 21). In March we saw differences between locations but not between Lake Mead and Lake
Mohave. The TQC sites had asignificantly higher percent of Bosminidae than dl other sites (p<0.016).
The LVB and TRB dgtes had a sgnificantly higher percentage of adult Copepoda than al other locations
(p<0.006). The AZB, EB, and TQC stes had a sgnificantly higher percent composition of Copepod
nauplii than dl other Stes (p<0.037). The EB Stesaso had aggnificantly higher percentage of combined
Cladoceran and Copepod eggs than LVB, TQC, and TRB (p<0.02).
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Figure 20. Mean number of small zooplankton per liter at each site in (a) March 2001 and
(b) May 2001.
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Figure 21. Percent composition of each taxa at each location in (a) March 2001 and (b)
May 2001.

In May Lake Mead Sites seemed to have alarger percentage of Copepoda than Lake Mohave sites, but
the differencewasonly sgnificant for LVB and EB (p<0.04). The LVB stesdso had asignificantly higher
percentage of Daphniidae than dl other dtes (p<0.001). The TRB dStes had a sgnificantly higher
percentage of Bosminidae than dl other sites (p<0.001) but a sgnificantly lower percentage of Copepod
nauplii (p<0.034). The Lake Mohave sites had a higher percentage of combined Cladoceran and
Copepoda eggs, but the difference was only significant at AZB (p<0.001).

Adult Copepodaand Copepod nauplii dominated the zooplankton at al locationsin March and May 2001.
Conversdy, in 2000, Cladocerans in the family Bosminidae and Daphniidae made up alarge proportion
of thetaxaat somelocations. Paired t-tests, modified for unequal variances and using Bonferroni adjusted
probabilities, showed that the percentage of Copepod nauplii was sgnificantly higher a dl locations in
March and May 2001 versus March and May 2000. The percentage of Daphniidae was significantly
higher in 2000 at LVB in March and May than in 2001 (p<0.005). At the Lake Mohave stes, the
percentage of Bosminidae was sgnificantly higher in March and May 2000 than 2001 (p<0.003).

Cover

Table 1 showstheresults of the estimates of cover at al steswithindl locations. The dropping lakelevels
between March and May 2001 changed the amount of area sampled in May versusMarch at dl the Lake
Mead locations. The EB 1 ste provides the most drastic example of this phenomenon, losing over 42%
of the area sampled between March and May. Average lake elevation declined by over 7 feet, from
1,194.68 in March 2001 to 1,187.32 in May 2001 (Figure 22).

The percent cover a LV B wasnot sgnificantly higher than any of the other sitesin March or May of 2001
(Figure 23). In March EB had sgnificantly higher percent cover than TQC (p = 0.004), but in May none
of the gdites differed in mean percent cover. The possihility exists that LVB cover may have been
underestimated because of poor visibility caused by an dgae bloom. However, wefed that cover wastill
lower a LVB in 2001 than in 2000. While paired t-tests revealed no significant differences in percent
cover between years at each location, LVB and EB both saw large reductions in cover between March
2000 and May 2001(Figure 24). Lake eevation lowered by about 24 feet over thistime period (Figure
22).
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Table 1.

Area, area with cover, and percent cover estimates for all sites within each
location in March and May 2001.

vear Locaion st OOl N XD Cover % Gover % Cover
2001 AZB? 1 3,900 3,900 28.5 28.5 0.73 0.73
2001 AZB 2 4,000 4,000 5334 771.8 13.3 19.29
2001 AZB 3 4,000 4,000 981.25 1195 24.53 29.88
2001 AZB 4 4,000 4,000 0 0 0 0
2001 AZB 5 4,000 4,000 47.7 118.95 1.19 2.97
2001 EBP 1 4,137 2,377 439 36.4 10.6 1.5
2001 EB 2 3,445 3,052.5 453.65 306.2 13.17 10.03
2001 EB 3 3,440 2,535 836.1 424.45 24.3 16.74
2001 EB 4 3,287.5 2,821.5 558.73 436.83 17 15.48
2001 EB 5 3,410 2,962.5 630 323 18.48 10.9
2001 LVB® 1 2,950 2,660 131.3 38.4 4.5 1.4
2001 LVB 2 3,325 2,875 273.9 171.05 8.2 5.9
2001 LVB 3 3,230 2,410 163.75 35 5.1 1.5
2001 LVB 4 3,200 1,965 489 223.78 15.28 11.39
2001 LVB 5 3,775 3,498 236.03 161.15 6.25 461
2001 TQCH 1 3,800 3,800 73 201.25 1.92 5.3
2001 TQC 2 4,000 4,000 108 138.88 2.7 3.5
2001 TQC 3 3,500 3,500 4 52.92 0.11 15
2001 TQC 4 2,700 2,700 7.2 44.25 0.27 1.6
2001 TQC 5 3,400 3,400 7.2 7.2 0.21 0.21
2001 TRB® 1 3,400 2,480 315.95 126.8 9.29 51
2001 TRB 2 3,300 2,868 76.23 40.5 2.3 1.4
2001 TRB 3 3,137.5  2,5125 119 71.2 3.79 2.83
2001 TRB 4 2,607.5 1,932.5 154.18 92.5 5.91 4.8
2001 TRB 5 3,125 2,385 312.38 95.63 10 4.01

2Arizona Bay.

b Echo Bay.

¢Las Vegas Bay.

4 Tequila Cove.

€ Trail Rapids Bay.
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Figure 23. Mean percent cover at each location in March and May 2001.
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Figure 24. Mean percent cover at each location in March 2000 versus May 2001.

Discussion

Smilar tolast year, wefound that Stesin LV B had sgnificantly higher amountsof nutrientsthan dl the other
locations. We also saw that the amounts of total P and NH*-N were higher in 2001 versus measurements
made in 2000, especialy at LVB. The SNWA(2001) aso saw higher surface levels of totd P in soring
2001 & LVB. They attributed these higher level sto increased sediment trangport from construction around
LasVegasWash and spring storm events, lower lakelevel sconcentrating nutrients, and increased overflow
and shdlow interflow from Las Vegas Wash. Increased ammonium levels could be explained by the dgae
bloomthat was concentrated in Boulder Basin, evidence of which was present throughout Lake Mead and
eveninto Lake Mohave. Decompasition of the dying algae could have resulted in increased ammonium
levels.

As was the case in 2000, most of our measurements were within the range of nitrogen and phosphorus
vaues found by other researchers (LaBounty et a. 1998; Holdren et al. 1998; Southern Nevada Water
Authority 2001, 2002). While LVB had consstently higher vadues for al nutrients, for the most part EB
had smilar nutrient levels to the other three locetions. However, totd P levelsin March 2001 seemed to
be dightly higher at EB than at either of the Lake Mohavelocationsand TRB. Overdl, theresultsfrom the
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2001 study Hill indicate that LV B isthe only Lake Mead location that might have higher nutrient levelsthan
Lake Mohave. Higtorica data collected on the two reservoirs supportsthis assertion (e.g., Paulson et a.
1980, Paulson and Baker 1984).

Since LVB had ggnificantly higher nutrient levels than the rest of the locations, we might expect to find
higher numbers of zooplankton at thislocation. While this expectation was not borne out in the data from
2000, the data from March and May 2001 showed that overal mean density of zooplankton was
sgnificantly higher a LVB. Food availability was cited as afactor impacting razorback sucker recruitment
in Lake Mohave, so an increase in zooplankton dengity could improve the odds for recruitment at LVB
(Marsh and Langhorst 1988, Papoulias and Minckley 1990). However, EB had lower zooplankton
dengtiesthan most of the other locations, indicating thet the total number of zooplankton per liter isnot the
predominant reason for razorback sucker recruitment, at least a EB.

The dendties we saw a LVB in 2001 were within the range of those seen by the SNWA (2001).
However, mean zooplankton density was higher at dl locationsin March and May 2001 thanin March and
May 2000. The largeaga bloom that occurred throughout the system from February to June 2001 may
have provided an increased food supply for zooplankters. Additiondly, the concentration of nutrients and
food caused by the lowering lake levels could also have increased zooplankton production in Lake Mead.

However, in 2000 we sampled with a 153 pm mesh net, while in 2001 we switched to ana80 pummesh
net to be more cong stent with other researchers (Paulson et d. 1980, Sollberger and Paulson 1992, Baker
et d. 1997). The confounding factor of switching to asmdler mesh sze makesit difficult to infer anything
about the increased numbers of zooplankton in 2001.

Adult Copepoda and copepod nauplii dominated the zooplankton samples at al locations in each month
in 2001. Again, this differs from the 2000 results, when the March samples from the Lake Mohave
locations were dominated by Cladocerans of the family Bosminidae, as were the May samples a TRB.
Marsh and Langhorst (1988) showed sdlectivity for certain taxa and Sizes of zooplankters by razorback
sucker larveein Lake Mohave and backwater areas off of Lake Mohave. They found that |arvae sdlected
for the CladoceranBosmina spp. inboth areas. Therefore, the differenceswe saw in communities between
locations and years could potentidly influence the razorback sucker growth and surviva. The SNWA
(2001) noted that the zooplankton community of the LVB and Boulder Basin areas of Lake Mead is
dominated by Copepoda, with a summer bloom of Rotifera. Switching to asmdler mesh size could have
resulted in theincreased numbers of the smdler Copepod nauplii we observed in 2001. Unfortunately, the
gamaller mesh size dso confounds interpretation of this result.

Papoulias and Minckley (1992) found that razorback sucker larvae selected for certain food items, mainly
onthebassof sze. Whilewefound no cons stent differencesin the amount of smal zooplankton between
our five locations in 2000, the mean number of small zooplanktor/l followed the same trend as the totdl
number of zooplankton per liter in 2001, with LVB and TQC having higher numbers of small zooplankton.
The high numbers of Copepod nauplii represented alarge proportion of the small zooplankton. Papoulias
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and Minckley (1990) identified an average dengity of small zooplankton between 10to 20items/l, ascritical
for the recruitment success of larva razorback sucker. Average dengity of smal zooplankton was higher
than 10 itemg/l in March a LVB, TQC, and AZB, and close to that level at LVB and TQC in May.
However, a EB and TRB average dendty of small zooplankton was well below 10 items/l in March and
May 2001. Therefore, as we saw in 2000, food quantity and quality could have some influence on
razorback sucker recruitment at these locations, but at EB, where we know recruitment occurs, we found
densties equd to or lower than al the other locations sampled.

Asin 2000 our sampling had the limitation of not providing a comprehensive picture of the range of
zooplankton found at these Sites. The study produced two small “snapshots’ of zooplankton densities
throughout the spawning season on which to base our conclusons. However, other data from LVB
indicate that we were well within the range of zooplankton dengity and the species composition found at
this location throughout the spring (SNWA 2001). Therefore, wefed that while the limited sampling does
not provide extensve dataabout the range of density and species present throughout the spawning period,
at least it can act as an index of the zooplankton composition and abundance for that particular year.

Datafrom 2001 generdly reinforced our conclusionsfrom 2000. Onceagain, zooplanktondengity et LV B,
while being on the upper end, was not substantialy higher than a some of the other locations. Our sampling
datafrom 2000 and 2001, aong with historical data, showed that zooplankton density at EB wasfairly low
compared with mogt of the other locations. We can infer from this that differences in food availability
between the five locations probably do not account for the recruitment of razorback sucker at LVB and
EB. However, in 2001 we did see that higher productivity & LVB was evident in higher zooplankton
denstiesduring the spawning seasonin both our dataand datacollected by the SNWA (2001). Therefore,
theinflux of nutrients from Las Vegas Wash may play arole in larva razorback sucker survivd a LVB
during certain years.

LasVegas Wash providesthe largest nutrient input to Lake Mead (Baker et d. 1977, Sartorisand Roline
1993). Thenutrient input from LasVegasWashisoften carried in adensty current out into Boulder Basin
(Tew et d. 1976, Fischer and Smith 1983, LaBounty and Horn 1997). Water in Boulder Basin can easily
continue downstream through Hoover Dam into Lake Mohave. Therefore, AZB and TQC may see the
results of large nutrient inputs from Las Vegas Wash. Conversdly, EB and TRB are in aress relatively
unaffected by LasVegas Wash. Echo Bay would be most influenced by inputsfrom the Muddy River and
Virgin River inflows, and TRB would be most influenced by the Colorado River inflow. All three of these
inflows are far less nutrient laden than Las Vegas Wash (Baker et d. 1977). Thelocation of these areas
in relaion to nutrient sources helps explain the differences seen in water quaity and productivity.
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Results from the 2000 sampling indicated that increased amounts of cover in the form of submerged
vegetation, was the main variable digtinguishing EB and LV B from the remaining locations sampled for this
project. We concluded that thelong-term|akeleve fluctuaionsin Lake Mead may resultinlarger amounts
of cover. Since predation on razorback sucker eggs and larvae by nonnative fishes has been established
as one of the main factors impacting razorback sucker recruitment (Loudermilk 1985, Langhorst 1987,
Marsh and Langhorst 1988, Hawkinsand Neder 1991, Lentsch et a. 1996, Holden et a. 1999), thenthe
increased protection afforded by cover for larva and juvenile sucker could increase their probability of
recruitment. 1n 2001 we found that the amounts of cover were subgtantidly reduced from those seen in
2000 at EB and LVB. By May 2001 neither EB or LVB had sgnificantly higher amounts of cover than
any of the other locations.

The decline in the amount of cover available & EB and LVB isdirectly related to the long-term lake leve
fluctuations of Lake Mead. Lakelevel declined by over 24 feet between March of 2000 and May 2001.
We expected that during periods of low water on Lake Mead less cover would be available. Conversdly,
while lake devation islow, vegetation (e.g., Tamarix sp. [salt cedar], Scirpus sp. [bullrush], and Typha
sp. [cattals]) isgrowing in dong the shordine. When Lake Mead water levelsbegin torise, thisvegetation
will be inundated and become a source of cover for larval razorback sucker. Therefore, while EB and
LVB had lower amounts of cover in 2001, the cycle of prolonged lakeleve devation changeswill provide
increased cover for larva and juvenile razorback sucker in the future.

We dso found that EB and LVB had higher levels turbidity than dl of the other locations we sampled.
Turbidity at LB is probably the result of theincreased TDS and sediment load carried by the Las Vegas
Washinflow. No dear cut explanation isavailablefor EB. Wind action, combined with the configuration
of EB and the predominantly st bottom, may be the reason that EB shows higher turbidity at certain times.
The SNWA (2001) measured secchi disk depthsaslow as 1.5 min LVB. We saw secchi disk vishility
aslow as0.5minMay 2001. We aso saw secchi disk vishilitiesaslow as0.9 m a EB. Conversdy,
the lowest secchi disk vighility we saw at the Lake Mohavelocationswas 6.5 m. Higher turbidity et LVB
and EB may act as another form of protection from predation on larval and juvenile razorback sucker.
Thelarge dga bloom in LVB and Boulder Basin added to the decreased visbility in thisarea The dgd
bloom could have provided increased cover and food for young razorback sucker this year.

The firg 2 years of this study provided some conflicting results, but the results make sense in the context
of our larger hypotheses. Asexpected, LVB has higher nutrient levelsthan dl other locations. However,
it does not appear as though LVB has subgtantialy higher zooplankton densties than those found & the
L ake Mohave sampling locations. When we view this dong with the fact that EB has had alower density
of zooplankton than the Lake Mohave locations in both the years sampled, it appearsthat thefood qudity
and quantity are not the mgjor factors alowing razorback sucker to recruitin Lake Mead. Cover, whether
in the form of vegetation or turbidity, seemsto be the key parameter differentiating EB and LVB fromthe
other locations sampled. Additiondly, we believe that the decrease in cover a EB and LVB in 2001

BIO-WEST, Inc. Productivity Comparison
February 2002 42 Lake Mead and Lake Mohave



supports our hypothesis that the long-term lake leve fluctuations of Lake Mead play an important rolein
the ability of razorback sucker to recruit and persst in the reservoir.

Recommendations for Future Study

Data from the first 2 years of this sudy support the assertion that fluctuating lake levels have a mgor
influence onthe environmenta conditions experienced by razorback sucker a LVB and EB. If razorback
sucker are only recruiting in certain years, as evidenced by the aging data from Holden et a. (2000b,
2001), then certain conditions advantageous to recruitment must prevail during those years. Therefore,
we recommend continuing the current investigation to examine the differencesin cover and productivity at
EB and LV B, dong with our other threelocations. Additiondly, we recommend sampling at the Colorado
River inflow areaif further research can confirm the existence of aspawning popul ation of razorback sucker
in that area.

We bdlieve that continuing to collect data over multiple years will provide a more-complete view of the
conditions that occur at these locations at different lake levels. Nutrients and zooplankton appear to
become more concentrated at low water levels, thereby offering higher food availability, but this might be
offset by concentrating nonnative predatorsin asmaler areaand reducing cover. Hopefully, we can begin
to corrdate the information on productivity and cover with recruitment of razorback sucker, through the
continued collection and aging of juvenile razorback sucker in the larger Lake Mead study. Additiondly,
we can sart to compare hitorica information on water quality, zooplankton dengity, and lake leve with
the peaks in recruitment we are beginning to see from adult population aging (Holden et a. 2000b, 2001).
Catdoguing the conditions present in different years under different lake eevations and corrdating them
withthe presence of astrong razorback sucker year class should identify what suite of factorsisimportant
in alowing razorback sucker recruitment in LakeMead. Information on factors necessary for recruitment
would assst in managing for the recovery of the speciesin the Lower Colorado River system.
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