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INTRODUCTION

Aquatic vegetation displaces water from irrigation
canals, lakes, ponds, and reservoirs and reduces their
water-carrying capacities; as the vegetation in-
creases, so does the water displacement. This is a
major concern to all public and private water-supply
companies throughout the Western States. Chemi-
cals and mechanical harvesting control techniques
are expensive and often only temporary solutions.
These techniques can cause unacceptable environ-
mental impacts on aquatic ecosystems. Interest in
biological control techniques as a solution to these
problems has increased in recent years. Biological
control is becoming more practical as an alternative
method of effectively controlling the growth of
aquatic vegetation with minimal environmental im-
pact. This report investigates the use of biological
control in two irrigation systems in southern Califor-
nia.

In 1980, a cooperative research program was initi-
ated to evaluate the use of hybrid grass carp (a sterile
hybrid fish resulting from crossbreeding a female
grass carp, Ctenopharyngodon idella Val., with a
male bighead carp, Aristichthys nobilis Richardson)
as a biological agent for controlling aquatic vegeta-
tion (macrophytes) in western irrigation canals. The
sterility of this fish eliminated the possibility of
overpopulation, thereby reducing the chance of ad-
versely affecting the aquatic ecosystem. The objec-
tives of the 3-year project were threefold: to assess
the efficacy of hybrid grass carp for controlling
aquatic vegetation, to determine the impact of the
fish on faunal and phyicochemical components of the
canal ecosystem, and to develop a weed-control
technology using hybrid grass carp in a systems ap-
proach that could be incorporated into the operations
of irrigation systems. The program was a joint un-
dertaking with the combined resources of the follow-
ing agencies: CVWD (Coachella Valley Water
District), lID (Imperial Irrigation District), California De-
partment of Fish and Game, California Department of
Food and Agriculture, California Department of Water
Resources, U.S. Fish and Wildlife Service, and USBR
{Bureau of Reclamation).

Adequate understanding of aquatic weed growth and
reproductive cycles is critical to successful control.
An important indicator of hybrid grass carp efficacy
is macrophyte biomass monitored through time. This
is the feature of aquatic weed population that most
directly affects irrigation system operations. Stem
density and stem length measurements, components
of biomass, were made to confirm biomass meas-
urements, to monitor weed growth characteristics,
and to identify possible physiological responses of
plants to grazing. Two of the most common species
in the study areas, hydrilla (Hydrilla verticillata Royle)

and sago pondweed (Potamogeton pectinatus L.),
produce tubers (specialized stolon buds functioning
as hibernacula). Because these structures play im-
portant roles in aquatic weed repopulation after the
removal of vegetation, their production and density
in the hydrosoil was monitored. The effects of fish
grazing on tuber production is critical to the use of
fish for biological aquatic weed control. Individual
plant species were measured in an attempt to ob-
serve any unique response by plants to fish grazing
and to identify the dietary preferences of the fish.

The purpose of the 1980 study was to develop field
techniques and to collect baseline information on the
aquatic vegetation and on the general ecosystem of
the two study canals, before hybrid grass carp were
introduced. These investigations indicated consid-
erable variability among test sections in both test
canals. This prevented any section from being used
as the control. Therefore, in 1981, internal controls
in the form of exclosures, were built into each test
section. The work of the second year of the 3-year
program was to include evaluating hybrid grass carp
as an effective aquatic weed control technique. Yet,
the 1981 results did not demonstrate efficacy, pos-
sibly because the fish were stocked late in the grow-
ing season and there was poor replication of the
aquatic weed habitat within canal exclosures. How-
ever, during the 1982 field season, several improve-
ments were made on the exclosures, and a full year
of data were collected to evaluate the effectiveness
of the fish in controlling aguatic weeds. The test
areas will be monitored through 1984, by coopera-
tors. Parameters such as stocking rates, fish move-
ment, and fish behavior will be studied.

The ability of hybrid grass carp to control aquatic
vegetation in southern California irrigation canals has
been assessed and is discussed in this report. The
faunal and physicochemical components of this pro-
gram are discussed in three annual reports by Beaty,
etal [1, 2, 3].

CONCLUSIONS
Wormwood Lateral 3

1. Hybrid grass carp effectively controlled hydrilla
and sago pondweed in Wormwood Lateral 3 during
the summer of 1982. Control of Eurasian watermilfoil
by the fish was not conclusive. Hybrid grass carp
stocking densities were too low to adequately
control macrophytes during the fall of 1982, in
section 2.

' Numbers in brackets refer to entries in the bibliography.



2. When hybrid grass carp stocking densities are
being determined, consideration must be given to
macrophyte growth when the water is cooler and
normal fish feeding rates decline.

3. Hybrid grass carp should be stocked early in the
growing season before heavy plant growth.

4. Preliminary data suggest that during suboptimal
stocking rates, hybrid grass carp feeding on macro-
phyte apical buds may increase stem density. Re-
moval of the apical buds, and thus the site of axillary
bud inhibition, may stimulate formation of additional
shoots and biomass.

5. Because of the considerable variability among
test sections, especially in regard to predominant
macrophyte species, the dietary preferences of the
hybrid grass carp could not be reliably identified.

6. Preliminary tuber-density data on hydrilla and
sago pondweed indicate that plant removal by fish
may increase tuber production.

7. The hydrilla and sago pondweed seasonal tuber
formation periods did not seem to change as a result
of fish feeding.

Coachella Canal

Macrophyte biomass was too low in the test reaches
of the Coachella Canal throughout the study period
to demonstrate fish efficacy adequately. However,
hybrid grass carp controlled limited stands of sago
pondweed and curlyleaf pondweed in reach 27. Eur-
asian watermilfoil control was not conclusive.

MATERIALS AND METHODS
Study Locations and Site Preparations

Studies were conducted at two sites: the Coachella
Canal in the CVWD and the Wormwood Lateral 3 in
the IID (fig. 1). These sites were selected primarily
because of their differences in canal size, their op-
erational characteristics, and their dissimilar species
of macrophytes. The Coachella Canal is a large de-
livery canal that provides the main water supply to
the Coachella Valley. The Wormwood Lateral 3 is a
substantially smaller lateral canal.

The Coachella Canal study area is an earth-lined por-
tion east of the north shore of the Salton Sea, at
21 m above mean sea level {33°30'40” N.,
1156°49'45"W.). The Coachella Canal has a water de-
sign capacity of 34.0 m?/s at an approximate velocity
of 1.2 m/s. Waterflow rates through the study area
ranged from 2.8 m3/s to 25.5 m3/s, depending upon

irrigation demand and occasional drawdowns for rou-
tine canal maintenance. These changes in flow rates
cause large fluctuations in the depth (1.5-3 m), width
{20-22 m), and water velocity (0.2-2.2 m/s) of the
canal. The canal bottom is lined with clay and silt of
local origin.

The Coachella Canal study area was divided into four
study reaches (reaches 25 through 28)? located be-
tween siphons No. 25 and 29. The lengths of study
reaches 25, 26, 27, and 28 are 2.3, 1.3, 0.7, and
2.4 km, respectively. The upstream boundary of the
study area at siphon No. 25 is equipped with a me-
chanical screen that prevents the passage of both
fish and floating vegetative debris (fig. 2). During the
1980 study, the fish barriers at siphons No. 26, 27,
and 28 consisted of panels of 51-mm square wire
mesh. However, chemical deterioration and persist-
ent fouling of the screen with debris necessitated a
design change. In November 1980, the CVWD refit
the siphon structures with horizontal bar screens
with openings of 38 mm on center and equipped the
screens with cathodic protection.

The principal macrophytes in the Coachella Canal are
Eurasian watermilfoil (Myriophyllum spicatum L.),
sago pondweed, and curlyleaf pondweed (P. crispus
L.). The principal emergent and terrestrial vegetation
along the banks of the Coachella Canal include cattail
{Typha spp.), smartweed (Polygonum spp.), bermu-
dagrass (Cynodon dactylon Pers.), and common reed
(Phragmites sp.).

The Wormwood Lateral 3 is a branch of the Worm-
wood Canal, located near the terminus of the All-
American Canal in the southwest corner of the IID
{32°42'30"N., 115°41'40"W.). Wormwood Lateral 3
has a design capacity of 3.0 m3/s. The average depth
of the lateral in the study areais 1 m, and the average
width is 3.2 m. The canal substrate is principally silt
and clay.

The Wormwood Lateral 3 study area is divided into
four study sections identified as test sections 1
through 4. The lengths of these study sections are
0.8, 1.1, 0.6, and 0.6 km, respectively. To prevent
movement of the hybrid grass carp and other large
fish between sections, vertical bar screens (30 mm
on center) {fig. 3) were installed on drop structures.
Additional bar screens were located over the open-
ings of takeout points along the lateral.

Routine weed-control measures, such as drawdown
and dredging, were discontinued during the study to

2 Reach numbers identify the section of the Coachella Canal be-
tween the siphon structure of corresponding number and the next
siphon structure downstream. For example, reach 25 is a stretch
of the canal between siphons No. 25 and 26.
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Figure 1. — Location of the hybrid carp study areas in the Imperial Irrigation District and the Coachella Valley

Water District of Southern California.

allow stabilization of the aquatic vegetation. How-
ever, section 1 and parts of section 4 were dredged
before the study. These cleaner canals lacked the
stability or maturity of established macrophyte pop-
ulations found elsewhere at the onset of the 1980
growing seasons. By July 1980, hydrilla had reduced
the water-carrying capacity in one section by 50 per-
cent. Since Wormwood Lateral 3 operates at or near
design capacity for much of the growing season, cer-
tain accommodations were made to allow the IID to
clear portions of the aquatic vegetation when it
impeded water deliveries. The entire test area was
widened approximately 1 m along the east bank. A
2-to 3-m swath along the east bank of the canal was
then set aside, and the IID was permitted to remove

weeds there, by disking and dredging. Daily removal
of drifting vegetation from the fishscreens was nec-
essary to permit adequate flow of water. These op-
erations were continued throughout the entire study
period.

As part of the hydrilla control program of the State
of California and IID, Wormwood Lateral 3 canal was
treated on June 17, August 4, and September 19,
1980, with the copper-complexed herbicide, Ko-
meen (bis (ethylenediamine)-copper (ll) sulfate,
95.9 g a.i. (active ingredient) metallic copper per liter,
product of Sandoz, Inc.), combined with the viscosity
index modifier, Nalquatic (30 percent polycarboxy-
late polymer by Nalco Chemical Co.). Because all
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Figure 2. - Mechanical fishscreen barrier on the inlet structure of siphon 25 of the Coachella Canal.

areas within the confines of the study were treated,
any assessments of the effect of these treatments
must be made in the absence of controls.

The principal macrophytes occurring in the Worm-
wood Lateral 3 are hydrilla, Eurasian watermilfoil,
sago pondweed, and southern naiad (Najas guadal-
upensis Magnus). Occasional curlyleaf pondweed
and coontail (Ceratophyllum demersum L.) plants
have been found. Riparian vegetation includes cattail,
bulrush (Scirpus sp.), common reed, bermudagrass,
and smartweed.

The original study was designed to evaluate the ef-
fectiveness of three densities of hybrid grass carp
for aquatic weed control by comparing plant popu-
lations in stocked and unstocked sections. However,
the 1980 baseline vegetation data revealed varia-
tions in plant species and in abundance among the
test sections [4]. This prevented any single section
from being used as the control. As an alternative,
internal controls, in the form of exclosures, were built
into each of the four study sections and two of the
reaches, before fish stocking in 1981. Each of these
exclosures were approximately 2-m wide, 65-m long
(except for exclosures in sections 3 and 4, which
were 30-m long), and extended 0.25 m above the

high watermark on each canal. They were con-
structed of 25-mm nylon mesh and 25-mm *‘stucco
wire’’ that prevented fish from entering. Horizontal
bar screens were constructed at the upstream ends
of the exclosures in Coachella Canal {fig. 4).

A change in the design of the study occurred when
only a limited number of fish were available for stock-
ing [2, 3]. Only reach 27 of the Coachella Canal and
sections 1, 2, and 4 of Wormwood Lateral 3 were
stocked for the entire study. Section 3 of Wormwood
Lateral 3 was stocked from June 20, 1981, to May
5, 1982, when the fish were removed to augment
the density of section 4. Section 3 and reach 26 of
Coachella Canal became unstocked controls to eval-
uate the affects of the exclosures on macrophytes.
These unstocked areas were also monitored to col-
lect information on the resident fishes and the in-
vertebrate populations [1, 2, 3]. The stocking
densities of the hybrid grass carp at the beginning
of the 1982 growing season are listed in table 1.

In 1981, section 4 was free of vegetation. In August,
a planting experiment was conducted to determine
whether an environmental factor was responsible.
The lower two-thirds of each transect line including
the exclosure in section 4 was planted with hydrilla.
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Figure 3. — Vertical bar fishscreen between test sections on Wormwood Lateral 3.

Sprigs 250 to 300 mm long were planted three to a
cluster, with three replicates across the lateral at
3-m intervals along the 60-m lines coinciding with
survey stations. The lower two-thirds of the exclo-
sure and its adjacent line were similarly planted
across the lateral but at 1-m intervals along the line.
This section was sampled in the same manner as
sections 1, 2, and 3.

Vegetation Distribution Surveys

Each test area on the Coachella Canal and on Worm-
wood Lateral 3 was mapped to determine the dis-
tribution and abundance of aquatic weed species.
This mapping technique was adapted from a method
developed by Braun-Blanquet [5] (table 2) and was
conducted periodically to give a long-term record of
plant distribution and abundance within each test
area of the two study sites. In the Coachella Canal,
the mapping observations were made by two scuba
divers recording their observations on underwater
slates. In the shallower Wormwood Lateral 3, these
investigations were accomplished by skindiving or by
wading.

In the Coachella Canal, belt transects [6] were
marked with 60-m long polyethylene line, staked to

the bottom of the canal with steel rods. These lines
were divided into 20 segments at 3-m intervals with
metal rings, and they were placed along the base of
the slope parallel to the bank. At each ring marker
along the line, a quadrat extended 1 m downstream
and 3 m up the slope of the berm to the high wa-
termark. After each belt transect was mapped, di-
vers followed a transect perpendicular to the canal
bank across the bottom to the base of the opposite
side-slope to document the presence of vegetation.
In 1980, five belt transect stations were evenly
spaced along alternate sides in reaches 25, 26, and
28. Reach 27 was appreciably shorter than the other
reaches and had three belt transect stations evenly
spaced on alternate sides of the canal. Because of
the changes to the study, reaches 25 and 28 were
not evaluated after June 1981. Five new 60-m tran-
sects (two transects were enclosed by exclosures)
were established in reach 27, and three new 60-m
transects {one enclosed by an exclosure) were es-
tablished in reach 26. These newer transects were
mapped according to the procedures used for the
original transects.

The Wormwood Lateral 3 sections contained four
57-m long belt-transect lines, equally spaced along
the center of the test areas. The upstream and down-



Figure 4. — Lower exclosure in reach 27 of the Coachella Canal.

Table 1. — Densities of hybrid grass carp in Wormwood Lateral 3 and in the Coachella Canal during May 1982 [3].

Surface Stocking Stocking Year class
Location area Number density date -source
ha kg/ha

Wormwood 1 0.47 128 296 Sept. 1981 1979- Hogan

Wormwood 2 0.57 80 56 July 1981 1980—Malone

Wormwood 3 0.23 - * -

Wormwood 4 0.21 36 98 June 1981 1979—Malone
May 1982

Coachella 27 1.49 302 134 July and 1979- Hogan
Sept. 1981 1980—Malone

* 1979-Malone fish were stocked at 76 kg/ha in June 1981, but were transferred to section 4 on May 5, 1982,

Table 2. — Total estimate scale combining abundance with coverage {(adapted from Braun-Blanquet [5]).

+ Individuals of species very sparsely present in the stand (less than 10 individuals

per quadrat); coverage very small
Individuals plentiful (greater than 10 individuals per quadrat), but coverage small
Individuals very numerous if small; if large, covering at least 5 percent of quadrat
Individuals few or many, collectively covering 25 to 50 percent of the quadrat
Plants cover 50 to 75 percent of the quadrat
Plant species cover 75 to 100 percent of the quadrat

A WN =




stream limits of the Wormwood belt transects were
marked along the bank with concrete markers. The
transect lines were located midstream of the study
area, with a metal stake directly opposite the con-
crete marker. Twenty quadrats were referenced
along the transect line with metal rings at 3-m inter-
vals. As mapping was completed, the metal stake
and transect lines were removed to prevent any loss
of the lines caused by the overgrowth of aquatic veg-
etation or by vandalism. Mapping quadrats in the
Wormwood studies consisted of a 1-m band running
across the canal perpendicular to the transect line.
These quadrats were bounded on the east by the
margin of the IID weed-control dredging (approxi-
mately 2 m from the eastern canal bank) and on the
west bank by the high watermark. In 1981, when the
exclosures were built in each section, enclosing one
of the preestablished mapping lines, an additional
60-m line was installed immediately upstream. This
new line was then mapped according to procedures
used for the original lines.

Mapping data were used to determine: (1) percent
occurrence by species, and (2) general trends in plant
abundance or percent coverage by species, within
the 60-m areas. Percent occurrence was determined
by dividing the number of quadrats containing a par-
ticular plant species by the total number of quadrats
per section [7]. Percent coverage was determined by
estimating the area covered by the particular plant
species in each quadrat. The mean percent coverage
estimates were the average of the number of quad-
rats within a study area, i.e., in 1982, exclosures
in Wormwood Lateral 3 contained 20 quadrats,
while the treatment area contained a total of 80 quad-
rats. The rating values for percent coverage were
tested for significance using the nonparametric
Kolmogorov-Smirnov test [8], which compared
exclosures with treatment areas.

Population Density and Biomass

Macrophyte population-density and biomass-
sampling areas were located adjacent to vegetation
mapping sites. In 1980, in the Coachella Canal, bi-
omass samples were taken at five random points
along the adjacent transect line. In these samples,
scuba divers harvested plants from a 0.25-m? quad-
rat by clipping and bagging the plant material. In
1981, five 0.5-m by 3.0-m quadrats from each map-
ping transect were clipped and bagged, and in 1982,
ten 0.5-m by 3.0-m quadrats from each transect
were sampled. In the laboratory, harvested plant ma-
terial was sorted according to species; stems were
counted to determine plant density; and the lengths
of 10 random stems from each species were meas-
ured. Various phenological observations (flowering,
tuberization, etc.) were recorded. Both fresh-weight
and dry-weight biomass measurements were taken.

Fresh-weight determinations were made after excess
adherent water was removed by spinning or blotting
with a towel. Dry weights were taken after the plant
material had been dried at 105 °C for 24 hours or
until there was no further weight loss [9]. These data
were collected to quantify the amount of plant ma-
terial that grew in a particular area. All biomass and
density values were calculated on the basis of grams
per square meter and stems per square meter, re-
spectively.

In 1980, six 0.25-m? samples were taken from each
of the two biomass sampling areas in the Wormwood
sites. These samples were taken by diagonally trav-
ersing the test area. In 1981, the pattern of sampling
was changed to obtain more samples. Nine 0.25-m?
samples were collected from each exclosure and
from each adjacent line. These were collected by per-
pendicularly traversing the sample area. From each
0.25-m? quadrat, five 76-mm-diameter substrate
core samples, approximately 200-mm deep, were
collected using a substrate core sampling device.
Samples were washed through a No. 6 mesh screen
(W. S. Tyler Company) to separate tubers from the
hydrosoil. Tuber counts were used to monitor tuber
production during specific periods. All biomass and
density values were obtained using the same pro-
cedures used on the Coachella Canal samples. Data
were analyzed using the Student’s t-test for com-
paring control and treatment values within each test
area.

The qualitative method of rating plants using an
abundance-plus-coverage scale (mapping) is impre-
cise for developing quantitative values for vegetation
density. However, such methods are advantageous
when large areas must be surveyed. Biomass sam-
pling and stem counts, on the other hand, give quan-
titative values for population densities, but they are
time consuming and subject to sampling errors when
the collection of many replicates is impractical. By
combining qualitative subjective scales with quanti-
tative values, an entire plant community system can
be better understood.

RESULTS AND DISCUSSION

Because each section or reach in this study was dif-
ferent from its adjacent section or reach, it is dis-
cussed separately, under each individual topic.
However, similarities are noted in the discussion, and
general conclusions are made concerning all study
sections after the discussion of each study location.
Topics begin with the qualitative method of rating
plants (see the section, “‘Materials and Methods"’),
followed by the quantitative methods of sampling
biomass, stem counts, stem lengths, and tuber
counts.



WORMWOOD LATERAL 3

Qualitative Rating — Vegetation
Distribution Surveys

Percent Occurrence of Macrophytes

Section 1. — Section 1 was essentially devoid of
vegetation until late July 1980. By this time coloni-
zation began to occur, dominated by sago pond-
weed, but also with appreciable quantities of
Eurasian watermilfoil (fig. 5) and southern naiad.
Sago pondweed, which previously had not been de-
tected in this section, increased from 16 percent of
the mapping quadrats to 100 percent, in the interval
between late July and November. Percent occurrence
of Eurasian watermilfoil increased from 11 percent in
late July to 61 percent in October, followed by a
decline to 45 percent in November. Southern naiad
levels, which were 5 percent in late July, increased
to 69 percent by November. The occurrence of hy-
drilla in section 1 increased from 3 percent in August
to 24 percent in November.

The 1981 growing season began with Eurasian wa-
termilfoil in 100 percent of all quadrats in both the
treatment and the exclosed areas. Sago pondweed
occurred in only 28 percent of the quadrats in the
treatment area. By June, watermilfoil was declining
in percent occurrence, while sago was increasing.
That trend continued through August when hydrilla
and naiad first appeared. By the end of the season,
sago remained the dominant species both inside and
outside the exclosure. Hydrilla, watermilfoil, and
naiad occurred more frequently in the treatment area
than in the exclosed area despite the presence of the
hybrid grass carp stocked on September 1, 1981.

Again in 1982, watermilfoil occurred more frequently
than the other plant species through July. But as sago
and hydrilla steadily increased in occurrence from
May to November, watermilfoil decreased after July.
Both sago and hydrilla occurred in nearly 100 percent
of the mapping quadrats by October.

Section 2. — Hydrilla stands in portions of section 2
had been well established before the initiation of the
study; they occurred in 59 percent of the quadrats
in the belt transects in May 1980 (fig. 6). This level
declined to 41 percent in July, shortly before portions
of the canal were cleared in August, to permit pas-
sage of water. This decline may be the result of the
Komeen treatment of July 17, 1980 (see the discus-
sion in section 4 on Komeen). By November, stands
of hydrilla occurred in section 2 in 73 percent of the
quadrats. The occurrence of watermilfoil increased
from 7 percent in May, to 70 percent in June. It de-
clined to 13 percent in August, before again increas-
ing to 54 percent in October and November

Southern naiad peaked at 29 percent occurrence in
June, and declined to 7 percent in November. Sago
pondweed was sparsely distributed in section 2 and
reached a level of 21 percent in November.

In April 1981, hydrilla occurred in 100 percent of the
quadrats inside the exclosure and 33 percent of the
quadrats outside. Watermilfoil began the season ap-
pearing in 67 percent of the quadrats outside the
exclosure, but did not appear inside. By June, hydrilla
declined by 90 percent, making watermilfoil the dom-
inant species. By August, however, all species had
declined to almost zero. Only hydrilla and watermilfoil
had reappeared by October, reaching occurrence
percentages of 11 and 14, respectively, within the
treatment area and O and 30, respectively, in the
exclosure. The growth pattern of hydrilla varied con-
siderably from 1980 to 1981, but watermilfoil fol-
lowed its familiar pattern of having a high percent
occurrence in the spring, declining dramatically dur-
ing the summer, then increasing again in the fall.

By March 1982, hydrilla had reappeared. It appeared
in 65 percent of the quadrats inside the exclosure
and 4 percent outside. Watermilfoil occurred in 75
and 68 percent of the quadrats inside and outside
the exclosure, respectively. Both species increased
through May, but by July, hydrilla had continued to
grow, while watermilfoil declined as usual during the
summer months. Sago pondweed occurred every
year, especially in March 1982, but its biomass was
much smaller than the percent-occurrence data in-
dicate. By the end of the 1982 growing season, sec-
tion 2 was virtually a pure stand of hydrilla.

Section 3. — Hydrilla showed the greatest increase
in occurrence during 1980 in section 3 (fig. 7). Be-
ginning in 3 percent of the quadrats in May, hydrilla
reached the 100-percent level by November, while
watermilfoil, in its typical pattern, peaked at 51 per-
cent in June, then declined. This decline continued
until November, when the watermilfoil was no longer
observed. Southern naiad levels ranged from none
detected in May, to 21 percent in October, followed
by a decline to 4 percent in November. Sago pond-
weed, similar to section 2, occurred infrequently in
July, but its major growth period occurred between
October and November 1980.

During 1981 very few plants grew in section 3. This
is different from either 1980 or 1982 growth pat-
terns.

A more representative growth pattern emerged in
1982. Hydrilla increased in occurrence to 100 per-
cent by August and remained high inside and outside
of the exclosure after hybrid grass carp were re-
moved on May 5, 1982. Watermilfoil reached 100
percent occurrence in June, remained high through
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July, and declined to zero and 10 percent in August,
inside and outside the exclosure, respectively. In July,
only a few sago plants occurred.

Section 4. — Section 4 contained hydrilla in 46 per-
cent of the mapping quadrats during May 1980 (fig.
8), but a decline to 3 percent was observed in July
(possibly caused by the July 17 Komeen application).
In November, however, the level of hydrilla infestation
had again risen to 50 percent. Eurasian watermilfoil
declined steadily from 53 percent in May to 9 percent
in November. Southern naiad was found in one-half
of the quadrats in May, but declined to nondetectable
levels by October. Sago pondweed was found in only
5 percent of the quadrats in June and was otherwise
undetected in the observations.

During 1981, all macrophytes in section 4 occurred
at very low percentages, until the fall. Between Au-
gust and October, hydrilla grew to 100-percent oc-
currence inside the exclosure and 91 percent outside
the exclosure. This was accomplished because of the
planting experiment performed in August.

By March 1982, the occurrence of hydrilla declined
to 70 percent, and by May, it was down to 10 per-
cent. The percent occurrence of the plants inside the
exclosure followed a pattern similar to that in the
treatment area. In July, hydrilla began to make a
comeback, and in August it again rose to 100 per-
cent. Watermilfoil rose to 100 percent by May, but
began its typical decline in August. Sago was found
in the exclosure, only in July and August, and in the
treatment area only during July.

The three Komeen treatments applied in 1980
caused some older portions of hydrilla stems to be-
come brittle, take on a reddish coloration, and break
into fragments. But healthy, more resistant apical
buds remained intact. It should be emphasized that
control by Komeen was limited in most cases. The
fact that the herbicide induced a response from the
vegetation does not necessarily imply that it was
successful as a control agent. In some test sections,
treatments earlier in the growing season showed a
detectable effect. However, in these cases the veg-
etation made a vigorous recovery.

Coinciding with the decline in the number of quadrats
in section 2 containing hydrilla after the first treat-
ment, a dramatic increase in colonization took place
in the portion of section 3 immediately downstream
from section 2. This increase may have been an ad-
verse consequence of the Komeen treatments. Sites
in section 3 showed low occurrences in May and
June (3 to 4 percent, respectively), but beginning in
July became rapidly colonized by hydrilla (fig. 7). By
November, 100 percent of the quadrats surveyed in
section 3 had developing hydrilla stands. There are
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several possible sources of this hydrilla. It may have
been produced by germinating tubers, turions, and
root stocks that remained from previous growing
seasons. However, data from vegetation and tuber
sampling in section 3 does not support this premise.
It is more likely that this increase in hydrilla resulted
mainly from fragments from an upstream source.
Fragmentation resulting either from the Komeen
treatments or water district dredging activities was
probably the mechanism for the hydrilla dispersal. It
is quite likely that the large stands of hydrilla in sec-
tion 2 were the source of these fragments. Further
increases in section 4 were less dramatic, possibly
because fragments were stopped by the bar screen
separating the sections.

Percent Coverage of Macrophytes

Section 1. — Before October 1980, very few ma-
crophytes grew in section 1 (fig. 9). Although
percent-occurrence data showed that more plants
occurred during this time (fig. 5), they usually oc-
curred singly and did not cover much area. By Oc-
tober, sago coverage had increased to 60 percent
throughout the section and by November, had in-
creased another 10 percent. Hydrilla and watermilfoil
remained low in coverage (less than 1 percent)
throughout the year.

By the spring of 1981, sago had dropped back to
less than one percent coverage throughout the sec-
tion, but watermilfoil had covered 25 to 35 percent
of the quadrats (fig. 9). As hydrilla and sago coverage
began to increase at midsummer, watermilfoil began
to decrease. By October, hydrilla had reached 22 per-
cent coverage outside the exclosure, and sago had
reached 100 percent both inside and outside. The
hybrids were stocked into this section on September
1, 1981. In October, hydrilla and watermilfoil covered
significantly greater areas inside than outside the ex-
closure.

In 1982, hydrilla covered very little area; it reached
a high of 23 percent in the exclosure in October.
Watermilfoil coverage was significantly greater out-
side the exclosure than inside through August, when
its annual decline began. Sago began with minimal
coverage in the spring. Outside the exclosure, in the
treatment area, sago coverage remained low and
was significantly less than that inside the exclosure
(table 3). This was evidence of good control of hy-
drilla and sago by the hybrid grass carp.

Section 2. - In 1980, hydrilla grew steadily unti! No-
vember, when it reached 100 percent coverage in
the control area (fig. 10}. However, in the other tran-
sects hydrilla only reached a high of 14 percent, even
though this was baseline data collected before the
stocking of the hybrid grass carp. Watermilfoil and
sago coverage was negligible throughout 1980.
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In April 1981, residual 1980 hydrilla growth covered
99 percent of the control area. Two months later,
hydrilla declined to trace levels; it sloughed off all of
the old growth and, essentially, did not regrow all
season. Watermilfoil coverage was 25 percent
throughout the section in April, but had decreased
by June and remained minimal thereafter. Sago cov-
erage remained negligible throughout 1981.

In 1982, the hydrilla growth pattern in the exclosure
through August was very similar to the 1980 pattern
in the same area (fig. 10). After August, the plants
in the exclosure began to die. The treatment area
had low macrophyte coverage, significantly less than
the exclosure through August, when the hydrilla cov-
erage began toincrease. All treatment transects rose
to an average hydrilla coverage of 20 percent, while
the transect adjacent to the exclosure rose to a cov-
erage of 10 percent. By October, the average for the
treatment area of the section was 35 percent cov-
erage, but the line adjacent to, but outside, the ex-
closure jumped to 74 percent. By that time the
control had dropped to 71-percent coverage, which
was significantly less than the adjacent line, accord-
ing to the Kolmogorov-Smirnov nonparametric test
[8] (table 3). Fish efficacy in this section is discussed
in the section entitled, ‘‘Macrophyte Biomass.”” Wa-
termilfoil followed its usual growth pattern; it reached
a peak of 46 percent coverage in the treatment area
during July, then essentially disappeared in August.
Again, sago was negligible all year.

Secton 3. — Very little macrophyte coverage oc-
curred in 1980 in section 3, until October (fig. 11).
Hydrilla then reached 23 percent coverage and, in
November, 28 percent. In 1981, there was no ma-
crophyte coverage except for a few scattered sprigs.
On May 5, 1982, the hybrid grass carp were re-
moved from section 3. Thereafter, both hydrilla and
watermilfoil increased in coverage. Hydrilla steadily
increased, reaching 100 percent in October, in all
sample areas. Watermilfoil reached its maximum of
11 percent coverage in late May, and declined again
by August.

Section 4. — Section 4 had little macrophyte cov-
erage in 1980 (fig. 12). Watermilfoil had the greatest
coverage, 17 percent in October, but declined again
in November. This is the only Wormwood section
where the maximum watermilfoil growth did not oc-
cur in the spring.

in 1981, virtually no macrophytes grew in section 4.
As an experiment, hydrilla was planted in August,
and by October it had covered 38 percent of the
exclosure and 60 percent of the adjacent line. This
was not a statistically significant difference.

The following spring, most of the 1981 hydrilla plants'
remained, and watermilfoil began to appear. By May
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1982, however, the residual hydrilla sloughed off,
leaving only 1 percent new coverage in the exclosure.
This new coverage increased steadily after May. Very
little hydrilla covered the treated area through the rest
of the season and coverage was significantly less
than that in the exclosure. Watermilfoil in the exclo-
sure reached its peak coverage of 15 percent in July,
and it covered significantly more area there than in
the treatment area, from May through August. Vir-
tually no sago grew in section 4 from 1980 through
1982.

Quantitative Sampling
Macrophyte Biomass

Macrophyte biomass is illustrated on figure 13 for
sections 1, 2, 3, and 4 in Wormwood Lateral 3; the
data include total plant biomass. The predominant
species in section 1 was sago pondweed, and in
sections 2, 3, and 4, hydrilla. These species were
predominant throughout the entire study period (figs.
14, 15, 17, and 19). Eurasian watermilfoil was pres-
ent in some of the collected samples, but its biomass
was a minor component of the total.

Prestocking data collected from all test sections dur-
ing 1980, and in April and June 1981, were different,
not only in aquatic macrophyte species, but also in
the amount of biomass. The Komeen treatment of
August 4, 1980, may have had a slight effect on
hydrilla, causing it to fragment, but produced no last-
ing impact. In some situations, however, external fac-
tors such as system operation and exclosure design
affected hybrid grass carp efficacy evaluations.

Section 1. — Macrophyte biomass was very sparse
at the beginning of 1980. It was not until the October
sampling period, that biomass was collected in sec-
tion 1, with a total of 14.5 g/m? dry weight, 70 per-
cent of which was southern naiad. By November, the
sago biomass increased 25 times, to 96 g/m?2, mak-
ing up 99 percent of the total biomass (fig. 14). Figure
11 illustrates the same pattern using percent cov-
erage.

In 1981, biomass again started out slowly, but by
August, sago rose to 40 g/m? inside the exclosure
and 80 g/m? outside. By October, biomass rose even
further, to 145.5 g/m? inside and 217.7 g/m? out-
side, with hydrilla contributing between 1 and 2 per-
cent of the total.

By April 1982, the biomass in the sampling area was
very low again. Qutside the exclosure, biomass
reached its 1982 maximum of 46 g/m?, in July. For
the rest of the year, biomass did not exceed 1.5
g/m? in the treatment area. Inside the exclosure the
biomass peak of 58 g/m? occurred in December.
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Fish were removed May 5, 1982
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Aug. 22
1982

Mar. 26

in areas stocked with hybrid grass carp in Wormwood Lateral 3.
date

Table 3. — Nonparametric Kolmogorov-Smirnov significance test comparing the percent coverage of macrophytes within the control areas (exclosures) with percent coverage
Sampling

Oct. 26

Biomass in August, October, and November was sig-
nificantly greater in the control area than in the treat-
ment area.

In section 1, dense stands of Eurasian watermilfoil
survived periodic drawdowns and accumulated in a
P deepened trench on one side of the canal, outside
the perimeter of the treatment sampling area. This
trench, which was created by dredging activities [4],
was a more suitable habitat for weeds. By July 1982,
it had approximately three times the biomass levels
found in the treatment areas. Consequently, the
standing crop for the section in May and July was
probably much higher than estimated, based on
treatment sampling-area measurements. This accu-
I mulation of biomass in the trench was not considered
when hybrid grass carp stocking took place. As a
result, stocking for the section was inadequate for
early weed control through July. After removal of the
accumulated vegetation in mid-July 1982, the ratio
PR of weed to fish biomass was reduced to a level at
which significant weed-control efficacy was main-
tained (table 4).

+ b Section 2. — Macrophyte biomass in 1980 began
low but increased steadily through November, when
it reached 228 g/m?, with hydrilla over 90 percent
of the total. However, the majority of the biomass
was collected from one sampling area, which con-
tained a very dense stand of hydrilla. By July 25,
1980, a stand just upstream of the sampling area
reduced the waterflow in Wormwood Lateral 3 more
than 50 percent. This made it necessary for the IID
to mechanically remove vegetation from the east side
of the lateral and to widen the lateral by approxi-
mately 1 m. Because this area was not in the 1980
biomass sampling area, the biomass went unre-
corded. As this stand grew, it eventually expanded

tH e into the sampling area, resulting in the greater bio-
mass recorded later in the growing season.
Section 2 began, in April 1981, with substantial re-
|+ + +

sidual stands of hydrilla from the 1980 growing sea-
son. The dense vegetation had healthy growing tips,
but older plant tissue showed evidence of senes-
cence and slight herbicidal damage, resulting from
the complexed-copper herbicide (Komeen) applica-
tions of fall 1980. Between April and June, these
dense hydrilla stands disappeared (fig. 15). This may
have been the result of a normal annual decline after
a mild winter [10]. Although a few widely scattered

Macrophyte coverage significantly less inside the control®

+ = Macrophyte coverage significantly greater inside the control@

2 Confidence limits greater than or equal to 95 percent.

P T plants occurred outside the biomass sampling areas
3 {fig. 6) in August and October 1981, no vegetation

’g was harvested from section 2 inside or outside the

K] exclosure. Numerous tubers were all that remained

ol g of the dense hydrilla stands. Throughout the 1981
- W field season, little evidence of either hydrilla root
318 I+ crown sprouting or tuber germination was observed.

May 22
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Table 4. — Comparison by Student’s t-test of dry-weight biomass, stem density, stem length, and tuber density of macrophytes within
the control areas (exclosures) with those in areas stocked with hybrid grass carp in Wormwood Lateral 3.

Stem density Stem length Tuber density

Combined
Sampling dry Hydrilla Eurasian Sago Hydrilla Eurasian Sago Hydrilla Sago
date weight watermilfoil pondweed watermilfoil pondweed pondweed

Section 1
1981
Aug. 22 - - * - - - * - -
Oct. 26 - - - - - - + - *
1982
Mar. 26 * - *
May 22 ¢ - + - . - -
July 18 -
Aug. 28 +
Oct. 22 + + -
Dec. 15 +

[
f

+ 4+ + 1
!
|

+ 4+
I
[

SGULIUII 2

1981
Aug. 22 - - - - - - - + -
Oct. 26 - - - - - - - - -

1982
Mar. 26 - - -
May 22 *
July 18 -
Aug. 28 +
Oct. 22 -
Dec. 15 -

I+ + +
*
|
++ + +
*
|
.
|

Section 3
1981
Aug. 22 - - - - - - - - -
Oct. 26 - - - - - - - - -
1982
Mar. 26

May 22 + - - + - . - -
July 18 - . + - - - - -
Aug. 28 - - - - - - - - -
Oct. 22 - - - - - - - - -
Dec. 15 - -

Section 4
1981
Aug. 22 - - - - - - - - -
Oct. 26 * * - - - - - -
1982
Mar. 26
May 22 - - - *
July 18 -
Aug. 28 -
Oct. 22 +
Dec. 15 +

+ 4+ + 4
[
|
+ 4+ +
+ 1+ +
I
*
[

— = Not significanta
+ = Significantly greater inside the control®
* = Significantly less inside the control?

a Confidence limits greater than or equal to 95 percent.
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In 1982, the hydrilla biomass growth pattern was
very similar to the 1980 growth pattern, except that
in 1982, it occurred earlier in the season, then de-
clined in October. Aquatic weed control was very
apparent in section 2 by August, when hydrilla bio-
mass in the treated area was significantly lower than
in the adjacent exclosure {2 g/m?2 contrasted with
282 g/m?). Hydrilla growth was heavy, completely
filling the exclosure, while outside aquatic vegetation
was sparse {fig. 16). Although it lacked statistical
significance, the trend of higher biomass levels within
the exclosure continued in October and December.
The lack of further weed growth in the exclosure after
the August sampling was not representative of hy-
drilla growth for this period. Hydrilla in Wormwood
Lateral 3 typically grows to its maximum biomass
during the period from August to October, as oc-
curred in section 3 (figs. 13 and 17). This growth
coincides with seasonal high temperatures (fig. 18).
Conditions in the section 2 exclosure were probably
attributed to effects of the exclosure structure on
weed habitat. The mesh (later changed to horizontal
bar screens) along the upstream end of the exclosure
slowed the water current through the exclosure, es-
pecially when algal scum accumulated there. The
slow water velocity (0.015 m/s (0.05 ft/s)) altered
the normal environmental characteristics of the
canal. Dense algal mats accumulated in the exclo-

sure, shaded submerged vegetation, and generally
diminished growing conditions. In the slow-moving
conditions, the normal influx of nutrients with water
currents may have been reduced, causing possible
growth-limiting nutrient depletion. Low current ve-
locities have been directly related to lower metabo-
lism in sago pondweed [11]. By October, biomass in
the treated area had increased from 2 g/m2 to 105
g/m?, and by November had increased to 205 g/m?2.
This indicated that biomass was no longer controlled
by the hybrid grass carp. A higher stocking density
may be necessary to control macrophytes during this
time of year.

Section 3. — Very little macrophyte biomass was
collected from April 1980 to July 1982, in section 3
(figs. 13 and 17). The fish stocked in July 1981, were
removed in May 1982. Biomass began to appear in
the next sampling period and rapidly reached a peak
of 928 g/m? in the exclosure, in October. The only
month when there was a significant difference out-
side and inside the exclosure was May 1982, just
after removal of the fish. Relatively uniform growth
of hydrilla occurred during the rest of the season both
inside and outside the exclosure. By August 1982,
biomass had become sufficient to impede water de-
liveries, and mechanical vegetation removal became
necessary.

Figure 16. — Dense stand of hydrilla growing in the Wormwood Lateral 3, section 2
exclosure, in August 1982. The area outside of the exclosure had been stocked with
hybrid grass carp since July 1981.
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Figure 18. — Weekly mean water temperature (°C} at the heading of Wormwood Lateral 3.

After the removal of the fish, this section was eval-
uated to determine the effect of the exclosure on
macrophyte growth. This section displayed the typ-
ical hydrilla growth pattern of reaching its maximum
biomass from August to October, both inside and
outside the exclosure. The pattern of decline seen in
the section 2 exclosure was not apparent in section
3. In fact, hydrilla biomass was greater in the exclo-
sure in section 3. By December, hydrilla had begun
to decline.

Section 4. — Section 4 was also virtually macrophyte
free from early 1980 through August 1981. A plant-
ing experiment was conducted to determine whether
a growth-limiting condition existed in section 4. Hy-
drilla sprigs were planted in August 1981, in the
lower two-thirds of the four transect lines.- By Oc-
tober, dense stands of hydrilla had grown, and tuber
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formation had begun (see the subsequent section en-
titled, “"Macrophyte Tuber Density’*). Therefore, this
experiment affirmed that this section was suitable for
vegetative growth and that the establishment of nat-
ural hydrilla stands only required adequate introduc-
tion of plant material. In October, there was
significantly less hydrilla in the exclosure than out-
side. This indicated little, if any, control by the fish,
which had been in the section for four months. The
October 1981 plant material declined over the winter
and, in the treatment area, did not regrow through
December 1982. In the exclosure, hydrilla reached
41 g/m? in October, then 127 g/m2 by December
(fig. 19). Development of significantly greater bio-
mass in the control area during October and Novem-
ber 1982, indicated positive fish efficacy. The
percent occurrence data confirm this same growth
pattern of total biomass (fig. 12).



Comparison of Various Methods

Percent coverage and percent occurrence are both
derived from mapping data. However, percent cov-
erage more accurately describes the amount of plant
material, whereas percent occurrence indicates the
declines or increases in the number of plants. In the
study site, percent coverage gives a better idea of
the macrophyte situation and is more closely related
to total biomass than percent occurrence is.

By comparing the mapping data (qualitative) with the
biomass data (quantitative), it is evident that the two
methods produce similar estimates of macrophyte
growth patterns. In a few instances, mapping data
(section 4, during October and November 1980)
were more representative of patchy infestations than
biomass data were. This is primarily caused by the
greater number of samples used in mapping.

Seasonal average dry weights of the macrophytes
on Wormwood Lateral 3 composed approximately
10 percent of the average fresh weights, from 1980

through 1982. By species, the dry weight expressed .

as a percent of the fresh weight was as follows: hy-
drilla, 9 percent; Eurasian watermilfoil, 15 percent;
sago pondweed, 10 percent; southern naiad, 9 per-
cent; and curlyleaf pondweed, 8 percent.

Macrophyte Density and Length

The trend of population, or stem density, expressed
as stems per square meter (figs. 20 through 22} is
very similar to biomass (figs. 14, 15, 17, and 19) and
to the percent-coverage curves by species (figs. 9
through 12). But the objective in sampling density
and stem length is to determine the effect of hybrid
grass carp on these variables. It has not been de-
termined whether fish eat only the plant tips or the
entire plant, or whether their feeding encourages the
formation of new shoots.

There is evidence that hybrid grass carp [12, 13, 14]
and grass carp [13 through 20], which appear to have
similar food habits [13], prefer to eat certain plants.
Therefore, the stem density and length of each of
the major species is listed and graphed separately
on figures 20 through 25.

Section 1. — Data on stem density by species in
section 1 (figs. 20, 21, and 22) is very similar to the
data on the percent-coverage curves (fig. 9) and
biomass curves (fig. 14). Stem length was not as
closely related, but usually increased or decreased
with density. Generally, the fish did-not decrease the
number of hydrilla stems or their length in 1981, but
by August 1982, the stems had become fewer and
shorter in the treatment area. Watermilfoil length de-
creased after the fish stocking only until July 1982,
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when stem density and stem length increased dra-
matically. From these data it appears that fish did not
affect the growth of watermilfoil. This may have been
caused by the tremendous amount of watermilfoil in
the section or the relative lack of interest on the part
of the hybrid for the plant [3]. As discussed in “‘Ma-
crophyte Biomass,”” heavy stands of watermilfoil
grew in the deepened side of the section that was
not evaluated in this study. The fish stocked were
unable to control such biomass until the deepened
side was dredged in mid-July, and the ratio of weed
to fish biomass was reduced to a manageable level.
Hybrid grass carp were then able to control the wa-
termilfoil in the evaluated portion of section 1; stud-
ies have shown they will eat watermilfoil when their
preferred species are unavailable [12] (as related to
grass carp [13, 15, 17, 18, 20)). In October 1981,
sago pondweed, the predominant species in section
1. was significantly shorter in the treatment area than
in the exclosure, but stem density was greater (figs.
25 and 22). In May 1982, sago had declined almost
completely, but by July, sago stems were signifi-
cantly shorter and fewer in the treatment area than

in the control area. This control continued through

the season. However, by October, treatment stem
density had increased by 82 times the density in Au-
gust, with very little increase in average stem length.
This indicates a possible stimulation of lateral shoots
by the removal of apical growing tips and their in-
hibiting hormones. This response to the removal of
apical dominance is common in many plants [21].
Southern naiad, a macrophyte very much preferred
by the hybrids in laboratory studies [12], was sig-
nificantly shorter in the treatment area, by October
1981. No naiad was sampled after that date.

Section 2. — In this section, virtually all hydrilla de-
clined in 1981, just before the stocking of the hybrid
grass carp, and no regrowth occurred the entire year.
By May 1982, the hydrilla had begun its reinfestation
of both the stocked and control areas. Hydrilla stem
length was significantly shorter in the stocked area
through the rest of the season, and stem density was
significantly less until October. The fish controlied the
hydrilla in this section in 1982 until October. By Oc-
tober, the hydrilla in the control area had begun to
decline (see ‘‘Macrophyte Biomass, Section 2”'), but
stem density in the stocked area increased from 9
stems/m? to 420 stems/m?, or by 4600 percent, in
less than two months. However, within this period
the average stem length increased by only 25 per-
cent. The relatively rapid increase in stem density
suggests the removal of apical dominance which may
occur when hybrid grass carp stocking levels are low.
Indications of apical dominance in hydrilla have been
noted in a laboratory study by Oechel in 1982 [22].
Cooperating fishery biologists have theorized that as
the water cooled in the fall, the metabolism of the
hybrid and, thus, its feeding activities began to slow



LEGEND
Unstocked area{control)

@
4
O 4
pLe
o o
- £ ©
r
o wn -
oS C®
- o | =4 -
M.K.Dd o o
Q C o - Z
o _ O m
© 4 o O We)
® 0 o £
> _— o 9 - n
O£+ + =
o n & v+ - <«
+ -2
n W > -7
I L -
(e
1 \1M
/<
/
t FZ2
'
- L
4 o~
/ - — ©
! 4
\ -0
A TI~/||. FZ
- N
- ~ lo
— N
@ R it
o .
- <
o L -
L -
F =
- <
23
-
©
|J9
D1'
- Z
- O
< N
-
L —
o
- — 00
[+ 1]
-—

on_vm on.vv oﬂ_vm on_vN 049 0
¥3LIN VNOS ¥3d SAVEO

EURASIAN WATERMILFOIL
s

on_um on_vv on_vn omw or— 0
¥ILIN 3¥VNDS ¥3d SWVHD

SAGO PONDWEED
s

oa_vn omv on_.n omN owp 0
¥3LIN YVNDS ¥3d SAVYD

Figure 19. — Dry-weight biomass (g/m?) of macrophytes collected in section 4 of Wormwood Lateral 3.
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Figure 20. — Mean stem density {stems/m?) of hydrilla in the four test sections of Wormwood Lateral 3.
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Figure 22. — Mean stem density (stems/m?) of sago pondweed in the four test sections of Wormwood Lateral 3.
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Figure 23. — Mean stem length (mm) of hydrilla in the four test sections of Wormwood Lateral 3.
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Figure 24. — Mean stem length (mm) of Eurasian watermilfoil in the four test sections of Wormwood Lateral 3.
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Figure 25. — Mean stem length {(mm) of sago pondweed in the four test sections of Wormwood Lateral 3.
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before hydrilla growth subsided (personal commu-
nication). This indicates the need to increase fish
stocking to prevent the rapid increase in stem den-
sity.

Watermilfoil seems to follow its own growth pattern
regardiess of the presence of fish. In the spring of
1982, watermilfoil stems in the treatment area were
significantly more numerous and longer than those
in the control area, but both declined in the fall. The
1981-1982 data gave no indication that hybrid grass
carp controlled watermilfoil in section 2. Only one
sago stem was collected in section 2 in July 1980
— no other sago plant was found.

Section 3. — From the time the fish were stocked
to the time they were removed from the section, no
biomass was collected during sampling, either inside
or outside the exclosure. However, by July 1982,
macrophytes had begun to reappear. Hydrilla in-
creased dramatically in both density and length
through October, both inside and outside the exclo-
sure. The peak in watermilfoil length and stem den-
sity occurred in July 1982, followed by a decline
similar to its pattern in other sections. Sago grew
only outside the exclosure in 1982, where it peaked
in May both in number and in length. The second peak
shown on figure 25, represents one long stem col-
lected in August.

Section 4. — Hydrilla was planted after the fish had
been stocked. By October 1981, hydrilla stem den-
sity had increased tremendously outside the exclo-
sure, while average stem length remained similar
inside and outside. This may be another example of
the influence fish feeding has on apical dominance.
That winter, the hydrilla declined inside and outside
the exclosure, but began reoccurring in the control
area in July 1982. The typical peak occurred in the
control in October. This peak was significantly
greater than that for the density or the length in the
stocked area. Watermilfoil had a small density in
1982, but the average lengths were significantly less
in the stocked areas than in the control. The efficacy
of the hybrid grass carp was good in section 4 in
1982. No sago was collected in section 4.

Macrophyte Tuber Density

Tuber production varied considerably among the sec-
tions, as did macrophyte production. Hydrilla tubers
were more numerous in sections 2, 3, and 4, while
sago tubers were more numerous in section 1. In
general, actively growing stands of plant material are
required to produce significant numbers of tubers,
which are generally produced in the fall as starch
reserves are mobilized and temperature and hours of
daylight decrease [23]. No hydrilla turions were ob-
served in Wormwood Lateral 3.
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Section 1. — Hydrilla biomass was low in section 1,
as was tuber density (fig. 26). However, tuber den-
sity was greater in the treatment area after the fish
were stocked, indicating a possible relationship to
the formation of overwintering structures. Sago tub-
ers in this section were far more numerous outside
the exclosure, except in May 1982 (fig. 27). The peak
of sago tuber density in the control area in May, is
not typical for tuber production, because very little
sago vegetation existed at that time. These tubers
were probably produced during the previous fall, and
were not collected; therefore they went undetected
in the March sampling. Fall is generally when macro-
phytes produce tubers for overwintering [23 through
26], and in 1980 and 1981, sago tubers followed the
normal pattern.

Section 2. — Hydrilla tuber production rose in No-
vember 1980, in the typical fall pattern, after the rise
in biomass. Maximum tuber density recorded in April
1981, probably had been produced the preceding fall
and had not yet germinated. Denver laboratory stud-
ies have shown a direct relationship between hydrilla
tuber germination and warmer temperatures [27].
The decrease in tuber density in June 1981, was
probably caused by the germination of the crop from
the previous fall. The large increase in tuber density
in August 1981, was possibly an outlier resulting
from patchy tuber distributions (especially because
there was no hydrilla biomass at that time). By Oc-
tober, tuber density had decreased to 15 and 20
tubers/m? inside and outside the exclosure, respec-
tively. The following year more tubers were produced
in the treatment area even though there was more
hydrilla biomass in the control.

Section 3. — No hydrilla tubers were collected in
section 3 in 1980 or 1981. A few tubers occurred
in May 1982, in the treatment area, after the fish
were removed. In October 1982, following the sharp
rise in biomass, tubers were formed both inside and
outside the exclosure. A few sago tubers were col-
lected within the 3-year study in section 3, but their
density was very small.

Section 4. — Hydrilla tubers were collected during
the first sampling date of May 1980, which indicated
the presence of a good hydrilla stand in the past.
This corroborated the findings of Haller [24] on the
persistence of tubers. Section 4 displayed the typical
pattern of tuber production as the tubers decreased
in June, and increased again in the fall. After hybrid
grass carp stocking, especially after the planting ex-
periment, tuber density rose sharply in the treatment
area. It also increased in the control area but only to
approximately one-third of the density in the treat-
ment area. This difference was significant in July and
October. Tuber reserves greatly increase the poten-
tial for future aquatic plant stands, and it is likely that
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there will be a large hydrilla stand in section 4 in the
future. Sago produced very few tubers in section 4
during the 3-year study.

Water Temperature

Daily water temperatures were recorded at the head-
ing and at the terminal spill of Wormwood Lateral 3,
from July 17, 1980, through January 3, 1983 (fig.
18). The high water temperatures of each season
occurred during July and August; i.e., 35°C. In-
creases in plant biomass usually followed these high-
temperature periods (fig. 13), then declined after the
cooler temperatures of about 10 °C during January
and February. The water temperature followed sea-
sonal air temperature trends. Water-quality samples
were collected from the test sections and were re-
ported by Beaty et al. [1, 2, 3].

Soil Composition

Soil classification samples were collected from each
test section in November 1980, and analyzed. The

soil in sections 1, 3, and 4 contained high percent-
ages of fine material and low percentages of organic
material (table 5). Because of the variation in plant
communities between the upper and lower ends of
section 2, soil was analyzed from each of these
areas. The soil from the upper end contained 56 per-
cent fine particles, while the soil from the lower end
contained 75 percent fine particles. The percentage
of organic material was similar at both ends. This
type of soil analysis does not demonstrate an ob-
vious relationship between soil structure and the oc-
currence of dense macrophyte communities. The
two largest plant communities occurred in one area
where the soil contained the highest percentage of
fine particles (97 percent) and in another area with
one of the lowest percentages of fine particles (76
percent).

Summary

Hybrid grass carp stocked late in the 1981 growing
season were not effective in controlling the macro-
phytes in Wormwood Lateral 3 for that year. Percent

Table 5. — Soil analysis' of Wormwood Lateral 3 in the hybrid grass carp study sections.

Gradiation
analysis?
percent

Sites

Soil Loss on ignition®
classification? percent organic
material

Section 1 O gravel
3 sand

97 fine

O gravel
44 sand
56 fine

Section 2, Upper

0 gravel
25 sand
75 fine

Section 2, Lower

0 gravel
7 sand
93 fine

Section 3

O gravel
18 sand
82 fine

Section 4, Upper

O gravel
9 sand
91 fine

Section 4, Lower

Lean clay 24

Lean silt 1.3

Lean silt 1.8

Lean silty clay 2.7

Lean silt 2.0

Lean silty clay 25

' Analyzed by the Soil Testing Laboratory, Geotechnical Branch, USBR, E&R Center, Denver, Colorado.
2 Procedures and nomenclature are in accordance with the Earth Manual 2d ed., USBR 1974.
3 Samples were dried in a muffle furnace at 550 °C for 2 hours, according to standard American Society for Testing and

Materials procedures.



coverage, biomass, and stem density were signifi-
cantly higher in the stocked areas than the control
areas in sections 1 and 4; virtually no plants occurred
in sections 2 and 3 throughout 1981. The only evi-
dence of fish feeding during 1981 was in October,
in section 1, when significantly shorter sago pond-
weed stems were noted.

In 1982, the hybrid grass carp effectively controlled
hydrilla and sago pondweed in sections 1 and 4. In
section 1, hydrilla and sago were controlled after a
large amount of macrophyte biomass was mechan-
ically removed from the unevaluated side of the canal.
Section 4 macrophytes were effectively controlled
throughout 1982. The fish very effectively controlled
hydrilla in section 2, during July and August 1982.
By October, however, measurement of hydrilla bio-
mass, coverage, and stem density no longer indi-
cated control. Stem density, in particular, increased
dramatically, probably encouraged by the fish feed-
ing. The hybrid grass carp were then unable to main-
tain control of the still rapidly increasing biomass in
the cooler water.

The effects of the exclosure on plant growth under
controlled conditions were observed in the spring of
1982, when fish were removed from section 3. Data
collected in 1982, indicate that macrophyte growth
in the exclosure was similar to that of outside areas.

In general, 1982 hydrilla tuber production in sections
2 and 4 was greater in areas stocked with hybrid
grass carp, where hydrilla biomass had been sup-
pressed by grazing, than in corresponding control
areas. {fig. 26). Whether or not this trend reflects a
physiological response of hydrilla to fish feeding to
induce a greater rate of tuber formation is not known
and requires further study. No apparent seasonal
change in tuber formation resulted from fish grazing.
Section 1 sago pondweed tuber density followed a
pattern similar to that of the hydrilla tuber density in
sections 2 and 4. However, the sago tuber density
pattern was not as well defined as the hydrilla tuber
density pattern and may have resulted from higher
plant biomass and tuber density at the time of stock-

ing.

The hybrid grass carp displayed little evidence of Eur-
asian watermilfoil control in sections 1 and 2,
throughout 1982. Instead, the data reveal a typical
growth pattern of Eurasian watermilfoil reaching its
seasonal peak during July, then declining in August.
An exception to this was seen in section 4, where
the fish controlled Eurasian watermilfoil, although its
coverage was low. From food-preference studies, it
was learned that hybrid grass carp consume Eurasian
watermilfoil only when preferred food species were
unavailble [12].
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Figure 28. — Land forms of Eurasian watermilfoil developed shortly
after the maintenance drawdown of the Coachella Canal in No-
vember 1980.

COACHELLA CANAL
Factors Affecting Vegetation Distribution

Eurasian watermilfoil was the most frequently en-
countered macrophyte in the Coachella Canal study
areas. It was found growing along the side slopes of
the canal from the waterline to the base and, on rare
occasions, along the canal bottom. In these cases,
the plants appeared as small fragments lodged in
bottom debris, such as brush or rocks. No significant
stands of vegetation were found growing on the bot-
tom of the Coachella Canal.

Apparently, the primary mechanism that affects dis-
tribution and abundance of Eurasian watermilfoil in
this canal system is fragmentation. No flowering or
consequent seed production was observed during
the course of the study. The fragmentation of Eur-
asian watermilfoil falls into two categories: autofrag-
mentation and mechanical fragmentation. Eurasian
watermilfoil undergo periods of autofragmentation
naturally. In the early spring, axillary shoots, which
seem specialized to fulfill the fragmentation process,
easily detach from their parent plant. During the
growing season, these abscissing fragments often
develop roots at the nodes before separating [28].
The second mechanism of fragmentation in irrigation
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systems is mechanical breakage. Several agents in
the canal system can contribute to this process.
These agents include mechanical or dredging activ-
ities, which are routinely conducted by water districts
to clear structures or waterways of vegetation and
debris. Water level fluctuations and currents also may
cause mechanical fragmentation. The annual intro-
duction of the herbivorous fish, Tilapia spp., into ir-
rigation systems for weed control almost certainly
increases fragmentation, through the foraging or
nest-building activities of that fish.

Fragmentation was observed in May, and continued
throughout the growing season following a pattern
similar to that reported by Aiken, Newroth, and Wile
[29]. Throughout the growing season numerous frag-
ments were seen drifting in the current with roots
already beginning to develop. Although the fragment
drift was most obvious when observed on the sur-
face, fragments were also observed at all depths dur-
ing the scuba-diving activities. Rooting of the
fragments in the substrate was most successful
where there was some form of debris to snag the
fragment and offer shelter from the currents. Frag-
ments were especially plentiful along areas where
bermuda grass stolons extended into the water, trap-
ping many of the small, drifting plants.

The primary means by which the numbers of Eurasian
watermilfoil plants increased along the mapping tran-
sects may be attributed to colonization by fragments.
Once established, the spread of the plants along the
side slopes of the bank was enhanced by the current
flow. Elongated stems were continuously silted over.
Excavation of these buried stems revealed old leaf
material, extending as much as several meters up-
stream, still attached to the stem. Along these buried
stems, rooted nodes developed axillary shoots,
which formed numerous secondary plant groups.

Another survival mechanism of the Eurasian water-
milfoil was observed during the November 1980
drawdown of the Coachella Canal. During this period,
Eurasian watermilfoil stands were stranded and ex-
posed. Numerous land forms were seen developing
from the terminal buds of the stems. Land forms are
growth forms of Eurasian watermilfoil specialized for
survival in such periods of exposure. Leaves of these
land forms are thickened and greatly reduced, and
roots develop at points where the stems contact the
substrate (fig. 28).

Qualitative Rating — Vegetation Distribution
Surveys

Percent Occurrence and Percent Coverage of
Macrophytes

Reach 26. — The number of times Eurasian water-
milfoil was found in the sampling areas in reach 26
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in 1980, was quite high, beginning at 40 percent of
the time in May, to 76 percent in October. However,
before comparing percent occurrence with percent
coverage, it should be noted that they convey quite
different information ({figs. 29 and 30). Percent-
occurrence data indicate the declines or increases in
the number of plants, but do not adequately indicate
the amount of plant material, which is much more
accurately described by percent coverage. Little or
no plant coverage does not mean little or no occur-
rence; however, little or no occurrence definitely
means no coverage. In 1980, very little plant material
grew in section 26, but by October, over 75 percent
of all quadrats contained at least one watermilfoil
stem. Sago pondweed occurred in May 1980, but
neither sago nor curlyleaf pondweed covered any
measureable area throughout that year.

Early in 1981, watermilfoil had low occurrence and
low coverage. The occurrence had increased dra-
matically by June, but the coverage did not. This was
also true for sago and curlyleaf pondweed. For the
three species, occurrence and coverage was less
outside the exclosure than inside; however, no hybrid
grass carp were stocked in this section. Reach 26
therefore served as the exclosure control to deter-
mine the effects, if any, of the exclosure on the
growth of aquatic weeds. These data indicated that
the exclosure provided a more suitable habitat for
plant growth in 1981.

The year 1982 began with the highest percent cov-
erage for the three years, for each of the three spe-
cies in the exclosure. However, by July, percent
coverage had decreased to low values, and by Au-
gust, percent occurrence had followed. Coverage
outside the exclosures was minimal throughout the
year, irrespective of the relatively high percent-
occurrence values. The general trend of macrophyte
growth enhancement within the exclosure in 1981,
and in the beginning of 1982, was apparently caused
by the exclosure structure, which reduced current
velocities to a level more suitable for plant growth.
The decline of vegetative biomass, length, and den-
sity in the exclosure after July 1982, may have been
caused by openings in the exclosure fabric, which
appeared in July, and continued to enlarge. These
openings reduced the current flow restriction, and
current velocities within the exclosure increased 75
percent. This made growth conditions similar to
those of the adjacent areas.

Reach 27. - The development of vegetation in reach
27 during the 1980 growing season demonstrates
how rapidly Eurasian watermilfoil can reinfest a
stretch of canal after it has been cleared of vegetation
{fig. 31). During the winter of 1979 to 1980, prop-
agating root crowns were removed in dredging op-
erations throughout reach 27. Therefore, this reach
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was essentially in a state of recolonization during the
1980 growing season. Over the growing season of
1980, the number of mapping quadrats in section 27
containing watermilfoil increased from 2 percent in
May, to 95 percent in November. The stands of wa-
termilfoil in reach 26 were quite likely the major
source of fragments for this recolonization (fig. 29).

In general, occurrence and coverage curves for wa-
termilfoil, sago pondweed, and curlyleaf pondweed
in reach 27 are similar to the corresponding curves
for reach 26 {(figs. 29, 30, 31, and 32). Howeuver,
there are two important differences: 1. more plants
occurred in reach 26 than in reach 27 in 1981 and,
therefore, less area was covered by plants in reach
27; and 2. in July 1982, outside the exclosure, sago
pondweed occurred in only 8 percent of the sampling
quadrats in reach 27, but in 78 percent of the quad-
rats in reach 26. This, quite likely, is evidence of fish
efficacy in reach 27.

Quantitative Sampling
Macrophyte Biomass

Reach 26. — Despite the disruption of the substrate
by mechanical control operations before the study,
the average macrophyte dry-weight biomass in-
creased steadily in reach 26, from May to October
1980 (fig. 33). By November, biomass had declined,
probably because the canal drawdown desiccated
much of the plant material. The typical growth pat-
tern for watermilfoil in Wormwood Lateral 3 was dif-
ferent from the typical pattern for watermilfoil in the
Coachella Canal. In the Coachella Canal, watermilfoil
usually declined in the fall and not during periods of
peak water temperatures.

Reach 27. —in 1980, in reach 27 maximum biomass
occurred in October, then declined by November, as
it did in reach 26. Biomass was very low through
1981, and remained low outside the exclosure in
1982. The exclosure contained good stands of wa-
termilfoil and curlyleaf pondweed, as evidenced by
the percentage-coverage curves and the biomass
curves (figs. 32 and 34). Comparing the biomass val-
ues of sampling areas inside with those outside the
exclosures indicates that the hybrid grass carp ef-
fectively controlled the aquatic macrophytes (table
6). However, the biomass levels were not high
enough to adequately demonstrate the capability of
the fish to control aquatic weeds. Environmental con-
ditions in reaches 26 and 27 differed, making direct
comparisons unreliable.

Macrophyte Stem Density and Length
Reach 26. — The predominant species in reach 26,

based on stem density, changed each year of this
study. In 1980, the species with the highest stem
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density was Eurasian watermilfoil; in 1981, it was
sago pondweed; and in 1982, it was curlyleaf pond-
weed (figs. 35, 36, and 37). There has been no dis-
cernible reason for this change in the predominant
species. The watermilfoil density peak occurred in
early October 1980; the sago density peak occurred
in August 1981; and the curlyleaf density peak oc-
curred in March 1982. This growth is typical for sago
and curlyleaf but not for watermilfoil.

The stem lengths of species in the Coachella Canal
had definite highs and lows (figs. 38, 39, and 40),
probably caused by seasonal growth cycles and
water operation management. The canal water level
fluctuated with irrigation needs, canal maintenance
and construction activities, and the installation of me-
chanical fishscreens. There were sampling periods
when remnants of dead plants were observed where
live plants had been during the previous sampling
period. This probably resulted from fluctuations in the
water level. Because the canal water had been drawn
down for construction and maintenance activities,
before the November 1980 sampling period, the ma-
crophytes were desiccated. This probably contrib-
uted to the drastic decrease in dry biomass (figs. 33
and 34), Generally, macrophyte lengths were shorter
outside the exclosure than inside.

Reach 27. — The predominant species in reach 27
during 1980, based on stem density, was water-
milfoil. It followed the same growth pattern as the
watermilfoil in reach 26 (fig. 35), but at about one-
third the average stem density. Stem density for sago
and curlyleaf pondweeds was almost zero (figs. 36
and 37).

During 1981, watermilfoil density was very low
in the control area (less than 3.5 stems/m?). The
treatment area had a density of 17.1 watermilfoil
stems/m?, which decreased during August and in-
creased again to 16.1 stems/m? by October. This
pattern followed the watermilfoil growth pattern in
Wormwood Lateral 3, which declined during sea-
sonal high water temperatures. Again, sago and cur-
lyleaf densities were very low in 1981, in reach 27.

In 1982, macrophyte density was low in the treat-
ment area, never reaching more than 6.6 stems/m?.
In the control area, watermilfoil had a density of 54.4
stems/m? in March, and 70.2 in October 1982. The
density dropped to less than 1.0 stem/m? in August
(again following the Wormwood Lateral 3 growth
pattern). Sago and curlyleaf had moderate densities
in the control area by March. By May, curlyleaf had
declined, but sago maintained its density through the
growing season.

Although in reach 26, macrophyte stem length was
generally shorter outside the exclosure, in reach 27
watermilfoil was longer, sago was shorter, and cur-



LEGEND

Area within the exclosure

(contral)
--- Area outside but adjacent

to the exclosure
- Area outside the exclosure

EURASIAN WATERMILFOIL

before fish stocking date

sh stocking date

v Fi

T
ool

man o_m m~N
39VY¥IA0D LNIDY3d

0

SAGO PONDWEED

f
001

mdh o_m m_N
39VYIA0D LNIO¥3d

(o]

CURLYLEAF PONDWEED

)
ool

m_\. OM m_N
39VY¥3IA0D IN3ID¥3d

0

Figure 32. — Percent coverage of macrophytes in reach 27 of the Coachella Canal.

45



EURASIAN WATERMILFOIL SAGO PONDWEED

o_ S._
2 e LEGEND
—— Area within the exclosure
@ @ ---Area outside the exclosure
w o | L o _| . . .
- ® = © Vertical bars indicate
b < standard error of the
Lud (Y] mean
X o] x o]
< © g ©
> D
a a
(2 4

W < w S
o [+
n )
> >
< < _
% g‘ g o~

. M N -..ai;

JJASOND JFMAM J JASOND JFMAM J JASOND JJASOND JFMAM J JASOND JFMAM J JASOND
1980 1981 1982 1980 1981 1982
CURLYLEAF PONDWEED TOTAL MACROPHYTES

[=] [=]

1= =0y
o o _| x Q
= 3
() W
= =
w L
x o X o
< © < ©
o >
(@ (e}
n 0
(04 x
L Q- L e '
) n
= =
< < °
% & % 81

© - o - -

JJASOND JFMAM J JASOND JFMAM J JASOND JJASOND JFMAM J JASOND JFMAM J JASOND
1980 1981 1982 1980 1981 1982

Figure 33. — Dry-weight biomass (g/m?) of macrophytes collected in reach 26 (unstocked) of the Coachella Canal.

46



EURASIAN WATERMILFOIL SAGO PONDWEED

(=] o
o1 o1
LEGEND
—— Unstocked area (control)

o g & g --- Stocked area
5 5 ¥V Fish stocking date
= = Vertical bars indicate
§°— & o | standard error of

-] (7]
S < the mean
o o
78] (72}
o o
Lui 2 L e I
[72] [72]
> = 1
< o g [=]

v '
O o TrtI1 T T 1T P11 r1rrrrryrivrrrrrorrryryoroTy
J JASOND JFMAM J JASOND JFMAM J JASOND J JASOND JFMAM J JASOND JFMAM J JASOND
1980 1981 1982 1980 1981 1982
CURLYLEAF PONDWEED TOTAL MACROPHYTES

o o

e o1
o o ] o o ]
e ® - ®
L (Y}
- S
L i
X o | x o
< © < ©
2 2
o o
(72} [72]
o o
353- 333-
n (72}
> >
< <

(=] TI T ItV rrrrrrrrrororriTonTd l_l.] TrTrT1rr1rr11 o .

J JASOND JFMAM J JASOND JFMAM J JASOND J JASOND JFMAM J JASOND JFMAM J JASOND
1980 1981 1982 1980 1981 1982

Figure 34. — Dry—Wéight biomass {g/m?) of macrophytes collected in reach 27 of the Coachella Canal.

47



Table 6. — Comparison by Student’s t-test of dry-weight biomass, stem density, and stem length of macrophytes within the control
areas (exclosures) with those in areas stocked with hybrid grass carp in reach 27 of the Coachella Canal.

Reach 27
Sampling Combined Stem density Stem length
date dry
weight Eurasian Sago Curlyleaf Eurasian Sago Curlyleaf
watermilfoil pondweed pondweed watermilfoil pondweed pondweed

1981
June 23 - - - - - - -
Aug. 22 * * - - * - -
Oct. 26 - - - - * - -

1982
Mar. 26 + + + + - - -
May 22 + + + + + + -
July 18 + * + - * + -
Aug. 28 + - + - . + -
Oct. 22 + + + - - + -
—~ = Not significant®
+ = Significantly greater inside the control®
* = Significantly less inside the control®
2 Confidence limits greater than or eq@al to 95 percent.
lyleaf was the same length outside as inside the ex- Summary

closure (figs. 38, 39, and 40). The reason
watermilfoil was longer may have been that the hy-
brids preferred the other species [12, 18].

Water Temperatures

Water temperatures, as reported by Beaty et al. [1,
2, 3], peaked during August at about 30 °C and
dropped to a low of about 13 °C during February.
Water quality samples were collected from the test
sections, and the data were reported by Beaty et al.

Soil Composition

Soil samples collected from each test section were
analyzed for particle-size distribution and percent or-
ganic material (table 7). Particle-size distributions
were very similar in each soil sample, and the percent
organic matter was consistently low (average of
1.25).
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During the 1981 growing season, the hybrid grass
carp stocked in July and September were not effec-
tive in controlling the macrophytes in reach 27 of the
Coachella Canal.

The data indicate that by 1982 hybrid grass carp
were able to control sago pondweed and curlyleaf
pondweed in reach 27. The efficacy of the hybrid
grass carp was displayed in the percent occurrence,
percent coverage, biomass, and stem density of
sago and curlyleaf pondweeds, and in the average
stem length of sago pondweed. Percent coverage
and biomass data from reach 26, the unstocked
reach, were very similar to corresponding data col-
lected in reach 27. This similarity indicated the pos-
sibility that the reduction of water current velocities
within the exclosure structures resulted in a more
suitable habitat for plant growth. Fish efficacy de-
terminations for Eurasian watermilfoil were inconclu-
sive,
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Figure 35. — Mean stem density (stems/m?) of Eurasian watermilfoil in reaches 26 (unstocked) and 27 of the Coachella

Canal.
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Table 7. — Soil analysis® of Coachella Canal in the hybrid grass carp study reaches.

Gradation Soil Loss on ignition?
Sites analysis? classification? % organic
percent material
Coachella Canal
Reach 25 O gravel Lean silt 1.2
39 sand
61 fine
Reach 26 O gravel Lean silt 1.3
42 sand
58 fine
Reach 27 O gravel Lean silt 1.1
37 sand
63 fine
Reach 28 O gravel Lean silt 1.4
33 sand
67 fine

' Analyzed by the Soil Testing Laboratory, Geotechnical Branch, USBR E&R Center, Denver, Colorado.
2 Procedures and nomenclature are in accordance with the Earth Manual, 2d ed., USBR, 1974.
3 Samples were dried in a muffle furnace at 550°C for 2 hours according to standard American Society for

Testing and Materials procedures.

BIBLIOGRAPHY

[1] Beaty, P. R., R. K. Fuller, E. M. Hallerman, R. G.
Thiery, and S. J. Reger, Environmental Impact of
Hybrid Carp (grass carp X bighead carp) in Two
California Irrigation Canals — 1980 Progress Re-
port: Physicochemical and Faunal Baseline Inves-
tigations, Coachella Valley Water District,
Coachella, CA, May 1981.

[2] Beaty, P. R., R. K. Fuller, R. G. Thiery, J. S.
Thullen, F. L. Nibling, Jr., and J. E. Boutwell, En-
vironmental Impact of Hybrid Amur (grass carp
X bighead carp) in Two California Irrigation Sys-
tems — 1981 Progress Report, Hybrid Grass Carp
Steering Committee Report, Coachella Valley
Water District, Coachella, CA, March 1982.

[3] Beaty, P. R., R. G. Thiery, R. K. Fuller, J. E.
Boutwell, J. S. Thullen, and F. L. Nibling, Jr., Im-
pact of Hybrid Amur in Two California Irrigation
Systems — 1982 Progress Report, Coachella Val-
ley Water District, Coachella, CA, March 1983.

[4] Nibling, F. L., and J. S. Thullen, 7980 Progress
Report on Baseline Aquatic Vegetation Studies
to Determine the Efficacy of Hybrid Carp [grass
carp (female) X bighead carp (male}] in Two Cal-
ifornia Irrigation Canals, Bureau of Reclamation
Report No. GR-81-11, Denver, CO, May 1981.

55

[5] Braun-Blanquet, Dr. J., Plant Sociology, The
Study of Plant Communities, 1st ed., 439 pp.,
McGraw-Hill Book Company, Inc., New York, NY,
1932.

[6] Smith, Robert L., Ecology and Field Biology,
686 pp., Harper and Row Publishers, New York,
NY, 1966.

[7] Cain, Stanley A., and G. M. de Oliveira Castro,
Manual of Vegetation Analysis, 325 pp., Harper
and Brothers Publishers, New York, NY, 1959.

[8] Sokal, Robert R., and F. James Rohif, Biometry,
The Principles and Practice of Statistics in Bio-
logical Research, 776 pp., W. H. Freeman and
Company, San Francisco, CA, 1969.

[9] Westlake, D. R., ‘Macrophytes, Sampling
Techniques and Methods for Estimating Quantity
and Quality of Biomass,”” A Manual on Methods
of Measuring Primary Production in Aquatic En-
vironments, Vollenweider, Richard A., editor, 2d
ed., IBP Handbook No. 12, pp. 32-37, Blackwell
Scientific Publications, Oxford, London, Edin-
burgh, Melbourne, 1974.



[10] Berg, Royal Howard, Annual Decline of the
Aquatic Macrophyte Hydrilla verticillata (L. F.)
Royle, Ph.D. Dissertation, University of Florida,
106 pp., 1977.

[11] Westlake, D. F., "Some Effects of Low-Velocity
Currents on the Metabolism of Aquatic Macro-
phytes,”” Journal of Experimental Botany, vol. 18,
No. 55, pp. 187-205, May 1967.

[12] Jackson, U. T., Nibling, F. L., and Thullen, J. S.,
“Feeding Strategy, Selectivity and Periodicity of
Hybrid Grass Carp (Ctenopharyngodon idella X
Aristichthys nobilis) by Time-Lapse Cinematog-
raphy,”” unpublished.

[13] Kilambi, Raj. V., and Alex Zdinak, ‘*“Comparison
of Hybrid Carp and Grass Carp with Respect to
Food Preference, Food Consumption and
Growth,”” Final Report, University of Arkansas,
19 pp., September 1980.

[14] Young, Leroy M., James P. Monaghan, Jr., and
Roy C. Heidinger, ‘’Food Preferences, Food in-
take, and Growth of the F, Hybrid of Grass Carp
(female) by Bighead Carp (male),”” Transactions
of the American Fisheries Society, vol. 112, pp.
661-664, 1983.

[15] Stroganov, N. S., “'Food Preferences of Grass
Carp,” In: Data of the All-Union Conference on
the Cult. of the Herbivores Ctenopharyngodon
idella and Hypophthalmichthys molitrix in Russian
Waters, pp. 181-191, Academy of Sciences,
Turbmen, S.S.R., Ashkhabad, U.S.S.R., 1961.

[16] Prowse, G. A., "Experimental Criteria for
Studying Grass Carps Feeding in Relation to
Weed Control,”” The Progressive Fish-Culturist,
33(3):128-131, 1971.

[17] Nall, L. E., and J. D. Schardt, The Effect of the
White Amur on the Aquatic Vegetation of Lake
Conway, Florida, Annual Report by the Florida
Department of Natural Resources, 161 pp.,
1977.

{18] Kobylinski, G. J., W. M. Miley, I, J. M. Van
Dyke, and A. J. Leslie, Jr., The Effects of Grass
Carp (Ctenopharyngodon idella Val) on Vegeta-
tion, Water Quality, Zooplankton, and Macroin-
vertebrates of Deer Point Lake, Bay County,
Florida, Bureau of Aquatic Plant Research and
Control, Florida Department of Natural Re-
sources, Tallahassee, FL, Final Report, 114 pp.,
March 1980.

[19] Fowler, M. C., and T. O. Robson, The Effects
of the Food Preferences and Stocking Rates of

56

Grass Carp (Ctenopharyngodon idella Val.) on
Mixed Plant Communities, Aquatic Botany, vol.
5, pp. 261-276, 1978.

[20] Kilgen, Ronald H., and R. Oneal Smitherman,
“Food Habits of the White Amur Stocked in
Ponds Alone and in Combination with Other Spe-
cies,”” The Progressive Fish-Culturist, vol. 33,
No. 3, pp. 123-127, July 1971,

[21] Shulthorp, C. D., The Biology of Aquatic Vas-
cular Plants, St. Martin’s Press, 610 pp., New
York, NY, 1967.

[22] Oechel, W., Annual photosynthesis and carbon
allocation cycles in the aquatic macrophyte Hy-
drilla verticillata, Annual report, Aquatic Weed
Control Investigations, ARS-USDA, Davis, CA,
1982.

[23] Van, T.K., W. T. Haller, and L. A. Garrard, ‘‘The
Effect of Daylength and Temperature on Hydrilla
Growth and Tuber Production,”” Agquatic Plant
Management, vol. 16, pp. 567-69, 1978.

[24] Haller, W. T., HYDRILLA — A New and Rapidly
Spreading Aquatic Weed Problem, University of
Florida Agricultural Experiment Station, Circular
S-245, Gainesville, FL, 1976.

[25] Haller, William T., J. R. Miller, and L. A. Garrard,
"Seasonal Production and Germination of Hy-
drilla Vegetative Propagules,”’ Journal of Aquatic
Plant Management, vol. 14, pp. 26-29, June
1976.

[26] Thullen, J. S., and F. L. Nibling, Results of the
Komeen Plus Nalquatic Herbicide Dissipation
Study in Imperial Valley, California, on August 8
and 10, 1979, Applied Sciences Referral No. 81-
2-7, Water and Power Resources Service, p. 5,
Denver, CO, 1981, unpublished.

[27] Thullen, J. S., Laboratory Studies on Hydrilla
Tuber and Turion Physiology, Applied Sciences
Referral No. 82-2-23, USBR, Denver, CO, No-
vember 1982, unpublished.

[28] Grace, J. B., and R. G. Wetzel, *‘The Production
Biology of Eurasian Watermilfoil (Myriophyllum
spicatumL.): A Review,”’ Journal of Aquatic Plant
Management, vol. 16, pp. 1-11, 1978.

[29] Aiken, S. G., P. R. Newroth, and I. Wile, “'The
Biology of Canadian Weeds. 34. Myriophyllum
spicatum L.,"”" Canadian Journal of Plant Science,
59, pp. 201-215, January 1979.

GPO 848-434



Mission of the Bureau of Reclamation

The Bureau of Reclamation of the U.S. Department of the Interior is
responsible for the development and conservation of the Nation's
water resources in the Western United States.

The Bureau’s original purpose “‘to proviae for the reclamation of arid
and semiarid lands in the West” today covers a wide range of interre-
lated functions. These include providing municipal and industrial water
supplies; hydroelectric power generation, irrigation water for agricul-
ture,; water quality improvement; flood control, river navigation, river
regulation and control; fish and wildlife enhancement; outdoor recrea-
tion; and research on water-related design, construction, materials,
atmospheric management, and wind and solar power.

Bureau programs most frequently are the result of close cooperation
with the U.S. Congress, other Federal agencies, States, local govern-
ments, academic institutions, water-user organizations, and other
concerned groups.

A free pamphlet is available from the Bureau entitled "‘Publications
for Sale.” It describes some of the technical publications currently
available, their cost, and how to order them. The pamphlet can be
obtained upon request from the Bureau of Reclamation, Attn D-922,
P O Box 25007, Denver Federal Center, Denver CO 80225-0007.




