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Aquatics 

Tie spikerushes, genus Heu I,orc, 

are included in the Cyperaceae 
or Sedge family. This is a large 
La inilv of plants composed of 83 
different genera with about 3.200 
species distrihu ted throughout the 
world. They arc particularly abun-
dant in the subarctic and temperate 
regions of both the northern and 
southern hemispheres. These plants 
are found in damp, boggy, marshy, 
or riparian habitats. 

The Sedge I ainily is characterized 
as fibrous-rooted grasslike herbs 
With very minute flowers sub 
tended by chatty bracts. These 
bracts are sper id  lied leaves and 
the flowers arise f rom their axils. 
The stems, also commonly cal led 

culms, are mostly solid, often 
triangular, generally unbra nched 
below the inflorescence (flower), 
and frequently leafless. 

The spikerushes are separated 
from the other members of the 
Sedge family by the formation of a 
solitary terminal spikelet without 
obvious subtending bracts, hence 
the name spikerush . In some spe-
cies the spike is thicker than the 

— 
l'!,i,'lH(' 1. 	' if hk'ocharis gc'iiiiril.ii,c 
ciiIm fl cc',-'. 1 110 cc J;c'iit''. I/cc cIi.tcncc' 

/c'fzcc'',c ea,i! )cc, c'. 1.0 cci,. 

supporting stem below it while in 
others the spike is not distinctly 
thicker than the stem. 

I h  ysica I aspects of t lie achenes 
(small dry indehiscent fruit with a 
relatively thin wall surrounding a 
single seed) are used to separate 
he species (Figure  1). The genus is 

also charactei'ist ical lv without 
leaves so that the culm .arries on 
the photosvnt hetic activities of the 
plant.  

The genus name F/moe/rims is 

derived from the Greek help' or 
'helos' for marsh and 'charis' for 
grace as described by Robert 
Brown in 1810 (7). The name is ar 
tually (loser to the Greek 'helodes' 
for marshy and 'charisma' for 
favor or gift. 

At times this  genus has also been 
aIled Iieh' cdiai'ms. This spelling 

has been rejected by most t axono-
mists but may occasionally appear 
in the literature. The species may 
also be called by the common 
name of hal rgrass 

Sonic conlusiomi exists in the lit-
erature as to the ident if (at ion of 
the various spikerusli species. In 
1029 Svenson (7) s&'a rated the 
genus into I 1 series cat, h represent-
ing a natural groLip. Each group 
contained very similar appearing 
plants, and the grouping still pro 
vRles a useful starting point I or the 
identification of the spi kerushus. 

The species are dii In. u It to iden-
tify because Of their simple gross 
anatomical structure which consists 
primarily of a modified stein, the 
cti liii. The achenes must be exam-
ined for positive species identifica-
tion, however they are so small 
that they in ust be examined in icro-
scopically to distinguish their 
haracteristic markings. 

Long and I .akela (3) list seven 
Specits occurring in south Florida, 
arid Godfrey and Wooten (I) list 
33 species present in the south-
eastern United States of which 20  
are listed for Florida. 

Those spikerushes which are 
listed as occurring in the I a n han — 
dIe of Florida include Hi'odoiris in 
/i'i'.sticic'ta Wahl) R. & S.; L'/1'oc/iiiim.'! 

(ci cciii, ' cci 	liii!l 	iii.  

01 CAICH"i, c 	',)cccccl cc) F Icc 11 ll,ci'j', cc') lu 
lcc'..c icr I.im/',c (')k' 	)WIN.'.  

m /c/j is! I Oakes: Lh'ocha il.'. rio Ii 
c"aim 	) A, I )iet r. ( l<.0 it h ; Eli' 

cmcic,iImil (I..) R. & S.; L'/'co'/iiil'ms 
cht,ii (t.'Villd. ) Schultes in R. & S.; 

Flc'oc'Iiaro; o/it'cici'O 'lorr.; and 
!-,Ic'o4coi'j. tot/i/o. (I ink) Schultes in 
R. & S. Those found throughout 
Florida include F/c'oi 'Jiw'i i/tool' 
i'imcigoliiia (Mi(hx.) R. & s.,' Flim 
c/malls cit >iiç,'iitci ( 'h.ipmri 	Flc( ii 1011!. 

i'L'il1il(1511 Forr.; Fl(-()( hm is 111cm/otto 
(1 IRK.) R. & S.; Fh'ocloii'i'c 

flio'i'sei'ims (])oil- .) Urban 
ci'imic'u/tim (I..> N. & S.; L/eocliiiri'. 

cit i'o/ititjcmii'i'ii (let/.) lKunth; [/m'o-
i/outs Jo//ui. Weath . ; F/c'o chill 'o 

/tUlLI1i'OHi (Torr. ) ( haprn . ; F/eu-

ciiui'is /icii';ii/c? (R. & S.) Link; 
L Jell C/li? 11,5 Ic! 1 L'l/ilIO To r r . ; F/i'ii 

c'1i14?'i!! p ii,i.icct 'i')0; (Ne(-s) Steud. 
[:lec)c"Iic(? 1'. ?li('luJiIOc ii,ii 'Fort- .:  
F/i'oiliimt'is timitiittiii FKii ii th ; 
c liiii'i', ,ccz'ico'(lciccm Ticir. 	and i'!'o 

('/10115 li/lUcI0 Torr . ; 1Ii' ic'/ici)'ic 

Kunth; and F/) 

cIlui'Is el; 'ipw'o Link. A few species 
such as Fic'oc'imiu'is ('1111 i,'Wt0i(1t`; 

(Ell.) 'Fort*.; EleocIii,r,'. ll1l)L'i'Clilc)',i? 

(Michx . ) R. & S.; and F/eoclm, I'. 
111010 K1,111111 are found pri manly in 
the central to the northern portico 
of the state. F/c'oc'/,ciro; tni'o'ctcitci 

'Forr. is hound in north Florida. 
In sou tIc Florida F. hOc/c our; a is 

present in the Fishemting Creek 
area near Lake Okeechobee, and 1;. 
lc/tl;c'uiri is found in many canals. 
Both of these plants grow sub-
mersed and may he ('(infused with 
some of the small-leaved pond — 
weeds or naiads. 

During the 1982 survey for 
cc inti i iwO on page 9 
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Sonar4) 

 

gently puts the balance back in nature. 

At last theres a 
generation aquatic 
herbicide that manages a 
host Of undesirable 
vascular plants vith )ut 
III isntanaging the good 
hile. o)nar' from Elanco. 

Weed 
management. 

One treatment of Sonar 
provides Co )fl tro )I Un ring 

the critical gr )W ng seaso )11 

Of many submersed and 
emerscd aquatic weeds. 

\Veeds coot ro )h!ed includ 
Il \(l rilla , elo )de.l 
\aro.l ntilk)ii, 

pond Wee(l5, to if -
pedo)grass, pa-
grass, 5( )UI hem 

naiad and nu-
nierous other 

troubleniakers, 

\\lletl  \ 0 )IL nLIko' So ottr 
1),111 i ) I v )U r vced ('0 )Il I ro 
pi' gran), ( )U gel etlee- 

tive na nageflent of 
'I,II' VallIal)k' \vater 

res )Urces. 

Slow 
but sure 
action. . 
FOUl' (0 SIX 

weeks after 

IIeaII11CI1I. Sonar t:ike,, it.', 	,ll 
on undesirable vegetat i( )fl. And 

leeanse 0)1 its sI( )\V actR)n, 
there is no rapid oxygen de-

' pk'ti n. This niakes Sonar 
highly compatible with 

II' the aquatic enviro )n-
men and makes 
fish kills a thing of 
tile past. Applied 
as directed, S ofla 

will not harm fish, 

%ter milfoil Hydrilla 	 3W Elodea 



wildlife, or nearby trees 
and shrubs. 

Flexible 
application. 

Son:ir can be applied 
to the entire surface 
of a pond or up to 
ten percent of larger 
bodies of water. 
Depending on existing 

Inherent value. 
There are few restrictions 
after application, and 

they are detailed on 
the product label. 

Make Sonar part of 
your management 
program. It's the 
simple, gentle way 

to put nature back 
in balance. 

equipment and user preference, 
Sonar is available as an 

aqueous suspension 
or 5% pellet and can 

be applied any time 
during the year. 
For best results, 
the label recom-
mends applying 

Sonar when 
weeds are 

actively growing. 

Ibnd weeds Torpedograss 



Lake Trafford untreated area. 

4-1  

 

LakeTrafford test plot. Treated 3-17-81. Photographed 9-10-81. 

 

Sonar aqueous suspension can be applied to the 
water surface or under the water surface or placed 
along the bottom of the water just above the 

hydrosoil. Any conventional application 
equipment can be used. 
Sonar 5% pellet can be applied 

to the water surface from the shore or 
from a boat. Refer to the Sonar label for 
complete application instructions. 
Always follow label directions. Sonar is 

available in limited quantities under EPA 
Experimental Use Permit No. 1471-EUP-67. 

For further information write orphone: 
David P. Tarver, Aquatic Specialist, 2416 McWest Street, 

Tallahassee, FL 32303 (904) 562-1870 

Elanco Products Company, A Division of Eli Lilly and Company, lndiaop, IN 
46285, U.S.A. 



,J "1 

ciotiuued fron page 4 

aquatic plants in Florida (5), over 
1,200 acres in Lake Okeechobee 
were reported to be covered with 
F. rillulo so (Figure 2). Another 
similar appearing species but with 
distin tive partitions in the C1.11111 

which give it a bamboo-like ap-
pearance is F. ijiii'rtt,icto. This 
plant was found in over 2,500 
acres in lake Okeechobee and 
ranked as the Nth h most abundant 
aquatic plant in thC survey. 

Eleocltorisg to uiiloiii is consid-
ered a tropical plant, but has been 
reported as far north as South 
Carolina. This plant is usually not 
strictly aquatic but occurs along 
ditchha nks and the shoreline areas 
of many bodies of water. It will 
also grow submersed. 

Elt'ocltort s aiicll loris is listed 
along with 20 other species as hav-
ing the most extensive range of all 
aquatic plants throughout the 
world (6). In North America, F. 
po/lLctrls is probably the most 
widespread of the spikerushes (4). 

The spikerushes grow marginally, 
emersed, or submersed but the 
culm must he emersed for flower-
ing to occur. Their flowers contain 
both stamens and pistils. Some of 
the spikerush species are pollinated 
by the wind (6), while others, since 
they have both stamens and pistils 
on the same flower may be ,elf-

pollinating. 
Seeds of the spikerushes exhibit 

prolonged dormancy which is 
characteristic of many aquatic 
angiosperms. The mature seeds are 
normally enclosed by air within 
one or more associated bracts and 
float freely until they become 
waterlogged (6). 

Yeo and Dow (0)  found that 
dormancy in dwarf spikerush 

Figiiit' 3. huf li/si' 5 iiiufli of '.01111' of 

tli' spikerushes is t'i t'inp hf ic' I lit Elet 
charis acicularis. 

I F/t'o (lit? ?'iS (Oh) iadoi', 751.5 (Britt.)  
Gilly[ was broken by chilling the 
seeds at 2 C for 3 months followed 
by soaking them for tO hours in a 
5.25% sodium hypochiori te solu-
tion. Also, seeds of this species 
were found to survive extremely 
hot (72 C) and cold ( - I% C) 
temperatures (10). 

Little published information is 

available on the life cycles of the 
spikerushes. Some of the species 
are annual and others are peren-
nial. Some spread by seed, while 
others produce new shoots vegeta-
tively after a seedling has become 
established. 

l'zgIoi' 4. Somc of flit .')'ilst'rtis/it's /0/ill 

tuft Il/si' g/ow//i stozi/or to that of Eleo-
charis gen icul,it,i. 

Morphology of the spikerushes 
is varied. Some species are short in 
stature and form a turf-like growth 
as exemplified by F. 011(11 /oris in 
Figure 3. These types may he 
found on lake bottoms, in shallow 
water, or on muddy shores. Other 
species such as F . ii',uieuiIofo are 
tall, clumped, and tufted (Figi.0 re 4). 

At first glance, the spikerushes 
can he mistaken for terrestrial 
plants when they are growing in 
ditches (Figure 5) and drained 
shoreline areas. Under these condi-
tions they may he surrounded by 
non-aquatic plants such as grasses 
and other plants which cannot tol-
erate submersed conditions for ex-
tended periods of time. 

Some spikerushes are important 
for their thick root system which 
helps stabilize the hydrosoil against 
wave action and erosion. Many of 
the spikerushes provide food for 
waterfowl (4). Also, the dense 
growth of these plants provides ex-
cellent cover for a myriad of 
aquatic organisms. 

A new interest in the spikerushes  

has been stimulated because of 
their potential use in pollution 
abatement and aquatic weed 
management. 

In central Pennsylvania, F. 
oiiCti/a/'is, because it is acid toler-
ant, appears to he ideally suited 
both functionally and structurally 
for renovation of mine-acid pol-
luted streams (2). In this situation 
the spikerush serves as a primary 
producer and helps stabilize 
alluvial sediment. 

Several of the short, ''turf-like" 
spikerushes attain a rather uniform 
height. Growth of such plants in 
the lower portion of the water col-
umn would be more desirable than 
other plants such as hydrilla [Hp 

un/b oentwtlluitui (L .f . ) RoyleI 
which can fill the entire column. 

In California, dwarf spikerush 
grows well in the Corning canal 
near Red Bluff (8). A combination 
of herbicides and drawdown seems 
to encourage growth of the dwarf 
spikerush but retards growth of 
several pondweeds (Poto?iiogu'to/i 
spp . ) and elodea (Eboulu'a (opuuulc'i-

515 Michx.). The advantage in this 
case is that water flow is not im-
peded as much by the spikerush as 
by the dense growth of pondweeds 
and t'liol',i. 

The spikerushes are normally 
not thought of as weeds. In the 
1082 aquatic plant survey for 
Florida (5), only two bodies of 
water were found to contain mod-
crate infestations of unidentified 
spike rushes 

Most of the problems with spike-
rush occur in small enclosed bodies 
of water, At times however, they 
can grow in such abundance that 
floating mats cause problems with 
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water flow, navigation, and 
general water use. 

In south Florida spikerushes may 
be seen growing along the edges 
and shallow water areas of canals 
when submersed weeds are con-
trolled Under these conditions the 
spikerushes are generally not con-
sidered as problems. 

Little information is available on 
the control of spikerushes. In gen-
eral, they are somewhat resistant 
to most herbicides and their con-
trol requires high rates of those 
chemicals used for submersed 
weeds. 	 Cl 
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tified by William I faller in 1980 
and had apparently been established 
in the area for several years. In 
September 1982 Dr. Thai K. Van 
identified staminate (male) flowers 
on plant material being maintained 
at Fort Lauderdale, Florida, which 
was originally obtained from 
Washington, D.C. (Vandiver et al. 
1982). Following Van's identifica-
tion of male flowers in Florida we 
established that male flowers were 
being produced in North Carolina 
at the same time. 

Two different hydrilla genotypes 
have been found for the United 
States based on chromosome 
counts and isoenzyme studies 
(Verkleij et al. 1983). USA hydrilla 
II (2N=16) has been found in 
Washington, D.C., Maryland, and 
Delaware while USA hydrilla I 
(2N24) has been found elsewhere 
(except for a tetraploid in Ala-
bama). Formerly, male flowers 
were only considered to he associ-
ated with diploid plants (USA by- 
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drilla II); however, chromosome 
counts on North Carolina male-
flowering populations thus far 
indicate that they are triploid. 

Hydrilla in North Carolina 
(2N=24) and USA hydrilla I in 
Florida (2N=24) evidently have 
different phenologies. Tuber pro-
duction in North Carolina begins 
in late June and continues to early 
November whereas in Florida 
(USA hydrilla I) this occurs from 
October to May (Haller 1978). Al-
though floral initiation appears to 
coincide with tuber production in 
both North Carolina and Florida, 
male flowers have not been 
observed on Florida plants. Hy-
drilla in North Carolina (2N=24) 
and USA hydrilla II (2N = 16) are 
similar in that both produce male 
flowers and tuber production in 
USA hydrilla Ii begins by August 
in Delaware (Joe Joyce, personal 
communication). Until chromo-
some counts were made, we 
assumed that North Carolina 
hydrilla would be the "northern" 
variant (USA hydrilla II). Appar-
ently this is not the case. 
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Ito pp. 
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During the summer of 1983 male 
flowers were found in all four 
lakes studied in North Carolina 
(Lakes Anne, Wheeler, Crabtree, 
and Big Lake). Plants collected 
from all study lakes appeared to be 
monoecious (male and female 
flowers on the same plant). Female 
flower production began in early 
to mid-July  and continued to late 
October. Male flower production 
was evident by mid-August and 
also continued to late October. 
Flower density was 140-165 per m2  
for female flowers and 70-130 per 
M2 for male flowers. Neither fruits 
nor seedlings have been found. 
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Waterhyacinth Control 
In California 
by Larry Thomas 

Co-Author Dr. Lars Anderson 
Sacramento-San Joaquin Delta 

Tlie Sacramento-San Ioaqu in 
Delta, originally a tidal marsh 

formed in an overflow area of the 
Sacramento and San Joaquin Riv-
ers, is generally considered to be 
the area bounded by the City of 
Sacramento on the north, the City 
of Stockton on the east, the City 
of Tracy on the south, and the 
Suisun Bay on the west. Prior to 
1910, the Delta area was utilized 
primarily for livestock grazing; 
however, by 1024 after more per-
manent levees were constructed, 
the Delta became one of the major 
cropland areas of California, pro-
ducing agricultural commodities 
worth in excess of $400 million in 
1981 The Delta includes approxi-
mately 270,000 acres of farmland 
considered to be one of the most 
fertile agricultural areas in the 
United States, (ontaining 100 tracts 
and islands with the land surface 
ranging from 20 feet above sea 
level to 25 feet below sea level. 
The area is unique in that it is 
both a prime agricultural and 
recreational area as well as an in-
valuable fresh water resource and 
an important producing area of 
high quality natural gas. 

The Delta, with approximately 
150 marina facilities, provides a  

unique recreational opportunity for 
the entire State of California ac-
counting for about 80 million dol-
lars of recreational expenditures 
annually while providing 12 mil-
lion recreational days for the 
public. 

The Delta has approximately 700 
miles of channels and sloughs 
which are utilized very heavily for 
navigation and irrigation. The Sac-
ramento and San Joaquin River 
channels within the Delta are 
maintained I or deep draft naviga-
tion to the cities of Sacramento 
and Stockton respectively. The re-
main i ng waterways of the Delta 
have water depths ranging from 5 
to 10 feet at low water and are 
heavily used by both the boating 
public and the general public 

The Delta also plays a major 
role in the State of California's 
water transport system. Water 
storage in the foothill and moun-
tain areas of northern California is 
released through the Delta during 
low flow periods. One-i hi rd of 
California (h4,b00 square miles) 
drains through the Delta area with 
outflow varying from 10 to 46 mil-
ion acre feet annually with an an-

nual average of 20 million acre 
feet. The major north to south 
water export point is on Old River  

near the City of Tracy where both 
the State of California and the Fed-
eral Bureau of Reclamation pump 
water from the Delta for export to 
the south. During ring periods of low 
flow in the Delta, this water expor-
tation from the southern part of 
the Delta actually creates a rever-
sal of I low in Old River down-
stream from the pumping plants as 
well as in other waterways of the 
Delta. 

Additionally, Delta waters also 
support a large population of resi-
dent fish and anadromous fish 
ascending and descending the 
Sacramento, Mokelumne, Stanis-
lius, Calaveras, and San Joaquin 
River systems. The California 
Department of Fish and Game esti-
mates that 25 percent of the State's 
warm water and anacl ronious 
sportfishing and 80 percent of the 
commercial salmon catch is de-
pendent upon the Delta. 

Background and History of 
Waterhyacinth Introduction 

Waterhvacinth plants have been 
known to exist in California as 
early as 1904 when their presence 
was discovered in Yolo County in 
a slough near the City of Clarks-
burg. By 1947, waterhvacinths had 
become a problem in some areas of 
the Sacramento-San Joaquin Delta 
The Bureau of Reclamation experi - 
menied with methods of chemical 
C011[1_01 and actually made some 
chemical applications in Rock 
Slough west of Delta Road. In 
1972, the Army Corps of Engineers 
was asked to investigate, as a pos-
sible flood hazard, the blockage of 
the Meni ed River by waterhva- 

AT YOUR SERVICE... 
THE PROFESSIONAL AQUATIC WEED CONTROL 
SPECIALISTS - DISTRIBUTORS OF AQUATIC WEED 
CONTROL CHEMICALS AND SPRAY EQUIPMENT 
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CUTRINE.PLUS, available in either liquid or 
granular, is tops for use in potable water 
reservoirs; lakes; farm, fish, fire and resi-
dential ponds; fish hatcheries; Irrigation 
conveyance systems. This largest selling 
algaecide in liquid form effectively controls 
filamentous (pond scum, 'moss") and 
planktonic (pea soup) algae. The granular is 
specially formulated to control chara, 
nitella and bottom growths of filamentous 
algae. 

For HYDRILLA Control, CUTRINE-PLUS 
mixed with Diquat provides consistent 
results every time. CUTRINE-PLUS is less 
corrosive . . . less cost per acre 
Immediate water use after treatment' 

cinths. The Corps indicated their 
subsequent investigation did not 
reveal a flood hazard. The prob-
lem occurred again in 1973; how-
ever, the Corps did not feel they 
could economically justify imple-
mentation of a long-term control 
program utilizing the herbicide 
2,4-D but did recommend and of-
fer to participate in an annual in-
vestigation of the river. 

From 1973 until the drought 
years of 1976-77, there are very 
few recorded problems with water-
hyacinths in the Sacramento-San 
Joaquin Delta or the San Joaquin 
River drainage basin. 

Following and possibly because 
of the drought years with their 
resultant reduced flows through 
the drainage areas upstream of the 
Delta, the annual flushing of hya-
cinth plants through the system did 
not occur. The resultant increase in 
over-wintering plant material 
allowed sudden and severe summer 
growth which became an immedi-
ate and publicly apparent problem 
to the varied users of the 
Sacramento-San Joaquin Delta 
region. 

The outcry of those impacted by  

the waterhyacintli population 
brought about the introduction of 
Senate Bill 1344 on January 13, 
1982, authored by Senator 
Garamendi and co-authored by 
Assemblyman Patrick Johnston.' 
SB 1344, which became effective 
immediately upon signature by the 
Governor on June 14, 1982, appro-
priated $125,000 from the Harbors 
and Watercraft Revolving Fund to 
the Department of Boating and 
Waterways as the designated lead 
agency to implement a short-term 
program for waterhyacinth control 
and develop a long-range control 
program for the Sacramento-San 
Joaquin Delta and the Suisun 
Marsh. 

In July, 1982, the Department 
formed a Waterhyacinth Task 
Force comprised of representatives 
of those agencies either most 
directly affected by the waterhya-
cinth problem or those having ex-
pertise in the area. Listed below 
are the agencies and their respec-
tive representatives. 
State Agencies 

Department of Boating & Water- 
ways: Bill S. Satow/Larry 
1. Thomas 

Xq7 

• , 	\\ 

,___  

OFor Complete Information 
Call or Write: 

applied 
biochemists rK 

TONY KIMBALL 
5300 W. County Line Rd. 

Mequon, Wisconsin 53092 
Toll free 800.558.5106 

Fl. (813) 584•5230 

State Water Resources Control 
Board: Doug Albin/John 
Cornacchia 

Central Valley Regional Water 
Quality Control Board: 
Wilton Fryer/Rudy Schnagl 

Department of Food & Agricul-
ture: James Wells 

Department of Fish & Game: 
Brian Finlayson 

Department of Health Services: 
Richard McMillan / Robert 
Hul tqu ist 

Federal Agencies 
U.S. Department of Agriculture, 

Agricultural Research Service 
Aquatic Research Laboratory 
at U.C. Davis: 
Dr. Lars Anderson 

U.S. Bureau of Reclamation: 
Carl Tennis 

Local Agencies 
San Joaquin County Agricultural 

Commissioner: Erwin Eby 
Contra Costa County Agricul- 

tural Commissioner: 
John H. deFremery 

Tht purpose of the task force 
was to develop the conditions 
under which herbicides could he 
applied and the protocol for water 
quality monitoring to ensure that 
an economical and environmen-
tally safe program was undertaken. 

Control Plan 
Long before the legislation was 

signed by the Governor, a series of 
meetings was held with State, Fed-
eral and local governmental agen-
cies, private citizens groups, and 
the general public to determine the 
extent of the problems and to 
gather information relative to 
possible control measures. During 
this problem assessment period, a 
considerable amount of time was 
expended by the Department eval-
uating various control methods. 
The Department asked the Corps 
of Engineers' Waterways Experi-
ment Station (WES) to develop 
both a short and long term control 
plan. A draft of this plan was 
available in April 1982 and was 
then presented to the appropriate 
Federal and State agencies for 
review and comment. Very little 
revision was necessary, and the 
final plan was submitted to the 
Department on May 3, 1982. 

The plan developed by WES rec-
ommended an integrated program 
utilizing chemical, mechanical and 

A.',,'inhly hunt Re'.,,Ii,ij,n No. ni, authored hv 
A'.'.,'iul'Iyni,-,n Patrick Johnston and filed with the 
St ci,, v',  I St,tic in lune II 1082. requested the 
I S. Army Corps of Engineers ii, i iiopt'ra it' with 
the Slat,' in Undertaking an aggressive progr.Irli 
or watt'rhyac in I h ion 1 rol 

WATER 
MANAGEMENT 

EXPERTS 

Recommend 
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biological control measures (a 
detailed biological control plan 
was submitted later with specific 
sites identified for release and 
monitoring of biological agents). 

The recommended short-term 
measures were to Utilize mechani-
cal and chemical means with the 
introduction of biological agents to 
provide the long-term control. 
Theoretically, as the biological 
agents become established, the 
need for chemical and mechanical 
controls can he reduced with a 
resultant decrease in the cost of the 
program. 

Mechanical Methods 
The WES plan identified sev-

eral possible mechanical control 
measures, such as in situ chop-
ping of the plants and/or mech-
anized removal as well as the 
use of barriers to retain or to 
redirect the movement of the 
plants. The Department staff 
met with numerous people to 
review the various mechanical 
means that might he possible For 
physically removing hyacinths 
from the Delta. However, it 
became apparent after investi-
gating the mechanical rr'rnoval 

methods and the costs associated 
with this type of control that 
the Department did not have the 
funding capability to carry out a 
sufficiently large removal pro-
gram. The use of barriers, on 
the other hand, did appear to he 
a low cost mechanical measure 
that could have a significant 
benefit. 

A test barrier was installed in 
Fourteen Mile Slough in the fall 
of 1982 to evaluate the feasibil-
ity of this method. This test in-
dicated that barriers could, in 
fact, be successfully utilized to 
retain material in the nursery 
areas and prevent large masses 
of floating plants From blocking 
the navigable channels until the 
winter high flow period in the 
Delta. This concept is also being 
used to retain hyacinths in 
selected areas to provide habitat 
for the biological agents. 

Chemical 
The use of herbicides was iden-

tified in the plan as the major 
part of the short-term control 
program. The herbicides regis-
tered for use in California for 
this purpose in the summer of  

1982 were Weedar 64 (2,4-I)) 
and DiquaV . In the summer of 
1983, Rodeo! (a formulation of 
glyphosa te) was also registered. 
The chemical control program 
was to use 2,4-fl wherever pos-
sible and to use L)i(juat in 
those areas where 2,4-L) could 
not be used. 

Because the waterhyacinth 
control program was an entirely 
new program for the State of 
California and because of the 
multiple use of the Delta waters, 
it was necessary to develop it 
sophisticated water monitoring 
program for each herbicide ap-
plication to he absolutely certain 
the label requirements were met 
and to build public confidence 
that herbicides could he used to 
control the hyacinth infestation 
without any degradation of the 
existing water quality. There-
fore, in the summer of 1982 
under the direction of I)r, I.ars 
Anderson of the IJSDA/ARS 
Aquatic Weed Control Research 
Laboratory, two types of tests 
were conducted to determine the 
amount of 2,4-I) or I )iqua t' 
that would enter the water fol-
lowing application of these 
herbicides for control of water-
hyacinth. In one type of test, 
the actual amount of herbicide 
that reached the water surface 
after passing between waterhya-
cinth plants (or in some other 
way penetrating between foliage) 
was determined by using "float-
ing" bottle samplers that were 
placed beneath the waterhya-
cm th canopy at the water sur-
face. These float samplers con-
tained known amounts of either 
distilled water or Delta water 
and were retrieved after applica-
tion of 2,4-D or Diqua t' in a 
test area. The amount of 2,4-D 
or Diquat' was then determined 
by standard analytical methods. 

In the second type of testing, 
water samples were taken before 
and at various times after appli-
cation of the herbicides to 
waterhyacinth mats. The loca-
tions of these water samplings 
were made so that the amount 
of herbicide entering the water 
immediately adjacent to the 
mats and at various distances 
downstream could be deter-
mined. The results from the first 
type of testing indicated that 
from 8 to 12 percent of the 
amount of herbicide applied to 
the plants was able to reach the 
water surface. These tests also 
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indicated that, in the case of 
Diquat' very little residue was 
detectable in the float samplers 
containing Delta water. This is 
primarily due to the rapid ad-
sorption of Diquat to dissolve 
and particulate organic materials 
in the Delta water. The results 
of the second type of testing 
showed that occasionally 2,4-D 
residues of 5 to 15 or 20 pph 
were found immediately adja-
cent to the sprayed waterhya-
cinths, and that downstream, 
even less than one-fourth of a 
mile, levels were generally non-
detectable or below 10 pphw. 

The information gained by 
these tests during 1982 was used 
to develop the monitoring and 
water sampling protocol for the 
operational program in 1983. 

Through the cooperative agree-
ment between WES and the 
Department, in the fall of 1982, 
WES staff persons implemented 
larger scale field tests using both 
2,4-D and DiquaV to determine 
the efficacy of the herbicide pro-
gram developed by the task 
force and what residues could 
he anticipated. During this test 
period, a series of 1, 2 and 5 
acre test plots were treated with 
2,4-D using approximately 4 
pounds per acre. Again, water 
sampling and analysis conducted 
by the USDA! ARS Aquatic 
Weed Laboratory indicated that 
the maximum level of residue 
found during this test was 13 
ppb. Larger test areas were 
treated with Diquat 	however, 
these tests were primarily to 
determine the effect on late sum-
mer growth because the earlier 
tests by Dr. Anderson indicated 
that Diquat" residue is tied up 
so quickly due to the clay parti-
cles and organic material in the 
water that residue a few yards 
from the application site was 
non-detectable. The results of 
these tests and the water data 
gathered from them were used 
as the major data source in 
establishing the 1033 control 
program 

Biological Agents 
Meetings were held with bio-

logical control specialists from 
the U.S. Department of Agricul-
ture, WES, and the California 
Department of Food and Agri-
culture to determine which bio-
logical agents were effective in 
waterhyacinth control. The deci-
sion was made to initially intro-
duce Ne'oc/ii'1iia bruclii, a  

small, host-specific weevil. Dr. 
Lloyd Andres, Research Ento-
mologist with the USDA/ARS 
in Albany. California. had done 
experimental work with this 
weevil and was familiar with the 
necessary background data that 
must he available to the review-
ing agencies before permission 
could be obtained to import a 
non-native biological control 
agent into California. Therefore, 
he agreed to make inquiries of 
the control agencies. After re-
ceiving the necessary clearances 
from the controlling agencies 
and importing sufficient num-
bers of weevils., a positive iden-
tification and checks for any 
possible diseases were made. 
The weevils were maintained on 
waterhyacinth at the ARS 
Aquatic Weed Laboratory for 
several weeks before the first 
releases of the waterhyacinth-
eating weevil, NCOC/iL'(i?iU 

were made in Old River 
on July 2, 1982, with a second 
release on July 15. 

Following the initial releases of 
N'cI,etiou bruchi, Dr. Andres 
also obtained permission to in-
troduce Ne'oclie'tiuii etc/i /ioniwi' 
and Someodes albi,gu ttali.c. The 
weevils, Neoc/ieiina hrtoln and 
Neo c/i t'tii a eic /i/i a ro ia i', were all 

collected from the field by WES 
personnel and then imported by 
Dr. Andres where they were 
positively identified and checked 
for pathogens before they were 
released into the nursery areas 
of the Delta. The SamL'ode's 
t,Ihi,',,',ittalis, a moth species, is 
being raised in the laboratory of 
the State Department of Food 
and Agriculture by the Biologi-
cal Control Unit personnel and 
is then released into the selected 
sites. 

The Nr'ochetiva hrucli i have 
over-wintered in California and 
are spreading from the initial 
release sites. The other biologi-
cal agents have not been in the 
field long enough to determine if 
they will over-winter and repro-
duce; however, it is anticipated 
that they will. 

The 1983 Program 
In developing the 1983 program, 

because of the limited funding, it 
was apparent that the most eco-
nomical control method would 
have to be employed if any degree 
of control could he expected and, 
Further, this control would have to 
he directed only at known problem 
areas. After discussions with WES,  

it was determined that a chemical 
control program would he the 
most cost efficient plus a limited 
amount of mechanical control. The 
mechanical means to he employed 
would he the mechanical barriers 
rather than mechanical removal of 
the plant material. Additionally, 
continued releases of the biological 
agents were scheduled for four 
sites, with a subsequent release the 
latter part of October 1983 in a 
fifth site. 

The major area of 
I
waterhyacinth 

infestation in the Delta is that area 
hounded on the north by State 
I Iighway 12, on the south by Old 
River, on the east by Interstate 5, 
and on the west by the Sacramento 
River. This large area was divided 
into four approximately equal 
smaller areas for herbicide treat-
ment. Each of the smaller areas 
was assigned a team to be respon-
sible for that specific area. 

In California, permits are re-
quired From the County Agricul-
tural Commissioner before the 
restricted herbicide 2,4-D can he 
applied, and the permit must he 
"site" specific. Based on the 
amount of hyacinths that might he 
expected in any specific area and 
the water data gathered in the 1982 
field tests done by Dr. Anderson 
and WES, the major infestation 
area was divided into 2 to 3 mile 
"sites." Prior to any chemical ap-
plications being made, an overall 
county permit was obtained from 
each Agricultural Commissioner; 
and, before field operations began 
in any site, a Notice of Intent was 
filed for ea'. h site at least 24 hours 
prior to application of herbicide. 
Although the process may appear 
to have been rather cumbersome, 
in actuality it went very smoothly 
and did not delay the program. 

During the field operations, a 
control team could treat a max-
imum of five acres per "site" and 
then had to bypass an adjacent site 
before beginning treatment again. 
The rationale for this limitation 
was based on the water data ob-
tained from the 1982 field work 
done by Dr. Anderson and WES as 
a means to insure a wide safety 
margin. The Task Force felt confi-
dent that the water residue would 
be minimal if a maximum of five 
acres per site were treated. 

During the chemical control ef-
fort, Dr. Anderson's staff, under 
the field direction of Robert Pine 
(ARS) took samples of the water 
before and immediately after each 
herbicide application and per- 
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WATER WITCH 
EXAMPLE 

Summary of 2,4-V Residues in Sacramento Delta 

Date 	Location 	Site 	Time 	244) (pph) 
6/1/83 	Paradise Harbor 	Pre 	 0900 	1A 	0,1 

IA 	0.2 
113 	0 

Post 	0957 	2A 	0.4 
213 	0.2 
2C 	0 

1159 	3A 1.5 
3A 0.9 
313 0.3 
313 0.1 
3C 0.4 
3C 0.7 

Pre 	 1330 	1A 11 
11311 

Post 	1408 	2A 11 
213 II 
2C 11 

Post 	1510 	3A11 	0 
31311 	0 
3C11 	0.8 

0.7 

formed the water analysis for 
2,4-D. Throughout the chemical 
control effort, the water analysis 
detected only minimal (if any) 
residue that was well below 
Federal tolerances of 100 ppbw. 
An example is shown in the 
following table. 

The County Agricultural Com-
missioner's staff provided field 
data regarding the specific location 
of any sensitive agricultural crops. 
Because of their input into the 
waterhyacinth control program, 
there was no reported damage to 
any agricultural commodity in any 
county. 

Environmental Concerns 
When the ILSC of herbicides was 

proposed as the major short term 
control method, the Contra Costa 
Water District became concerned 
because the water district extracts 
water from Old River at Rock 
Slough and transports the water 
across the Delta to the East Bay 
for use as a domestic water supply 
to several cities. Throughout the 
discussion of the use of herbicides 
to control waterhyacinth in the 
Delta, the representatives of this 
district had expressed their con-
cerns relative to the use of 2,4-D in 
the Delta and in particular any- 

where close to Rock Slough. The 
California Department of I lealth 
Services wrote a letter to the Con-
Ira Costa Water District which in-
dicated that they felt 2,4-I) could 
be used safely and that their opin-
ion was based on water analyses 
fre,rn earlier test plots as well as 
their experience in working with 
2,44). The Health Department 
stated that they felt the residue 
would be minimal or non-detecta-
ble. In addition, the water treat-
ment facilities use activated char-
coal in treating the water for 
domestic consumption which will 
remove any 2,41) from the water. 
I lowever, the district still ex-
pressed concern so an agreement 
Was reached whereby no spraying 
would occur in Rock Slough or in 
Old River one mile above or below 
the intersection of Rock Slough 
and Old River or in Werner 
Dredger Cut north of the railroad 
track at Orwood Resort. 

Throughout the 1983 program, 
beginning in the late spring, there 
were a number of environmental 
concerns raised by some State leg-
islators, local political leaders, the 
Contra Costa Water District and a 
few private citizens in Contra 
Costa County. Those few private 
citizens petitioned the Superior 

JUST 
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WATER WITCH 
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6608 N.W. 82 Ave. 
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Court in Contra Costa County and 
were successful in obtaining a 
Temporary Restraining Order on 
May ii 1983, against the use of 
2,4-D in that county. Shortly 
thereafter, the Department, 
through the State Attorney Gen-
eral's Office, notified the Superior 
Court ludge of its intent to utilize 
the herbicides Diquat 5  and 
Rodeo' in an attempt to alleviate 
some of the infestation. The pri-
vate citizens again petitioned the 
Judge to prevent the use of these 
herbicides as well; however, on 
July 29, the Judge refused to 
extend the restraining order to 
Diquat and Rodeo The Depart-
ment then began immediate appli-
cations of Diquat in Contra 
Costa County.  
Results of the 1983 Control Program 

The control program in San Joa-
quin County has been very suc-
cessful this year and, as a result 
and in direct contrast to last year 
at this time, the waterways of San 
Joaquin County are clear of hya-
cinths. Marina operators, farmers, 
and recreationists are all very 
pleased with the results of the 
waterhyacinth control program. In 
Contra Costa County, however, 
due to the court order against the 
use of 2,4-D, the waterhyacinth 

The large grass, Plirt,,titt's 

australis (Cay.) Trin. ex 
Steud., is both a boon and a bane 
to man. It has been said that it is 
the most widely distributed flower-
ing plant in the world being found 
throughout the United States, 
South America, Europe, Asia, 
Africa, and Australia. It extends 
throughout Eurasia to a latitude of 
70 degrees north and into the 
south temperate zone. It is most 
abundant in temperate regions, 
especially in the 01(1 World, but it 
is also prevalent in sub-tropical 
areas. It is native to North 
America and in the United States 
extends from the Canadian border 
to the southern portion of Florida. 
In many areas that it occurs it is 
considered a weed and is listed in 
one book as one of the world's 
worst. However, in some areas, 
this abundant growth has been put 
to good use for both man and 
wildlife. 

problem became quite severe by 
the fall of 1983. This infestation 
coupled with the tidal currents and 
the predominately westerly winds 
moved the hyacinth mats into pre-
viously cleared areas in San Joa-
quin County. The Department is 
monitoring the situation very 
closely and has retreated some of 
the reinfested areas of San boaquin 
County. 
The Control Program for the Future 

The 1984 control program has 
not, at this time, been finalized 
and will depend to some extent 
Upon the outcome of the trial in 
Contra Costa County. Addition-
ally, there is a strong possibility 
that a significant reinfestation from 
the upstream area of the San Joa-
quin River may occur,  next year. If 
this does occur, it will mandate 
another all-out effort early in the 
spring to reduce the total biomass 
as early as possible. Probably the 
same basic control plan will he 
used, utilizing 2,4-D as the pre-
ferred herbicide, harriers to trap or 
divert the hyacinth mats, and addi-
tional biological agents. 

It is anticipated that certainly by 
the end of 1985 (barring an un-
favorable decision from the 
Superior Court in Contra Costa 
County) there will be a significant 

There has been some confusion 
over the taxonomy of this plant. 
The proper name is Phragmites 
australis (Cay.) Trin. ex Steudel 
which has and sometimes still is 
referred to as Phragmites rem-
mziuis Trin. Here in America this 
plant is called the Common Reed. 
The species name "australis" is 
Latin meaning southern, referring 
to the warmer regions in which it 
was first identified. It usually 
grows near water and often the 
rhizomes permit massive continu-
ous overgrowths which can restrict 
water flow. The genus name 
"Phragmites" is derived from the 
Greek word phragma" for fence 
or partition, referring to the zona-
tion of growth along water. 

The Common Reed is a tall (2-5 
meters) perennial grass that has an 
extensive rhizome system. Many 
times stolons are present also. The 
stems are leafy from the base to 
the seedhead and when older are  

reduction in the waterhyacinth 
population resulting in a corre-
sponding reduction in herbicide ap-
plications. By that time also, the 
colonies of biological agents should 
be established to the point that 
their impact on the hyacinth popu-
lation should become apparent. 

Total eradication of the water-
hyacinth in the Sacramento-San 
Joaquin Delta will probably not 
occur. We are confident, however, 
that the control measures devel-
oped by the staff of WES and the 
Waterhyacinth Task Force will he 
very effective in attaining as near 
total eradication as possible while 
protecting the environment of the 
Sacramento-San Joaquin Delta, 
human health, and wildlife habitat.o 
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cane-like and quite smooth. The 
leaves are composed of a sheath, 
ligule, and blade (Figure 1). The 
sheath is the lower part of the leaf 
which surrounds the stem and is 
always open on one side. The 
blade is the long, broad, flat por-
tion at the upper end of the 
sheath. At the junction of the 
sheath and the blade on the stem is 
the ligule. The ligule is composed 
of a membrane which can be up to 
0.4 mm long with a fringe of hairs 
Of) to 0.5 mm long. The flat leaf 
blades can be as wide as 2.8 cm 
and 63 cm long with a few hairs 
just above the ligule at the base of 
the blade. The dense secdhead is 
27 to 70 cm long and is composed 
of many small spikelets. Each 
spikelet is from 9 to 16 cm long 
and is composed of a cluster of 2-4 
flowers, The individual flowers are 
from 10 to 13 mm long. The minute 
stalks for each flower are hairy but 
the flowers themselves are not and 
have a smooth appearance. Mature 
plants of Phragmites are easily 

(inter 101 Ai1iuitic Weed.., IFAS, Ft. Laudc'rdak' 
KC-11d)  11)LI Education Center. Ii nivercil y of 
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separated from two similar-  weedy 
grasses, Giant Reed (/lnuulo 
1oii7x I, ) and F3u rma Reed 
(Ne/ra!IIlia trymindiatia (Kunth) 
King & Hitch.), by the silky heard 
at the base of the seedhead. This 
heard is not present on Giant Reed 
or Burma Reed 

(_omm&rn Reed is classified as a 
semi-aquatic - plant that grows in a 
variety of habitats. It is tolerant of 
saline conditions, as indicated by 
its occu rrence in salt marshes, but 
its performance decreases with in-
creasing salinity. Studies have 
shown that 15-20 parts per thou-
sand is the upper limit of salinity 
(approximately 50' of seawater). 
It is quite remarkable for its 
strong, tall aerial stems which are 
similar in form and anatomy to 
terrestrial grasses of drier sites. 
I lowever, the basal parts are sur-
rounded by much the same envi-
ronment as a totally submersed 
plant and in turn have similar 
morphological characteristics to 
them. Because its roots are always 
in water or saturated soil and its 
stems high in the air, the plant has 
developed air passages to supply 
he roots and other submersed 

pa rts with oxygen. 
The extensive, deeply pene-

trating perennial rhizome system of 
a reed stand can constitute up to 
75";,  of the total biomass. The 
rhizomes are hollow and up to 
several centimeters thick. They 
serve as a storage area for nutrients 
and photosynthetic products, facil-
itating rapid regrowth independent 
of photosynthesis. They can also 
serve as source for spreading the 
plant within a community, grow-
ing at a rate of up to 2 m per year. 
Individual rhizomes can he up to 
20 rn long. Plant parts, such as the 
rhizome, cli) not live much more 
than 3 to 8 years, but clones of the 
plant have been reported to be up 
to 1,000 years old. Studies con-
ducted in Europe have shown that 
30 year old stands have shown no 
decline in productivity. Even 
though the rhizome serves as the 
main source of reproduction, seed 
production is usLially quite high; 
but where the reed is already well 
established, optimal conditions for 
germination are not easily met. 
The seed, unlike the mature plant. 
cannot tolerate more than a few 
millimeters of water for successful 
germination. The growth is ini-
tially very slow, since the seedling 
is very sensitive to competition For 
light and nutrients. 

The plant grows on a wide 
eo,iti,iiced on Iiccsc' 20 
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variety of substrates, from coarse 
gravel to line organic soils. High 
yields result more from climate 
and nutrient availability than from 
the type of substrate in which they 
are growing. It is thought that 
most of the nutrients are derived 
from the soil, but when the stems 
are subjected to nutrient-enriched 
water, finely branched roots form 
on the lower portions and uptake 
from these structures probably is 
quite significant. Reed stands are 
often monospecific and the shading 
from the canopy is substantial, ef-
fectively reducing competition 
from other plants. The plant has a 
high leaf area index which allows 
for an efficient utilization of 
incoming radiation. 

The Common Reed displays a 
great amount of morphological 
variability which is due to the 
plant's genetic diversity. Chromo-
some numbers vary greatly, from 
2n=24 to 2n=96; the most com-
mon number is 2n=48. Even be-
tween adjacent clones there can he 
marked physical differences in 
appearance of the plants. 

The plant has had a long history 
Of use by man. Ancient Egyptians 
used the stems as building material 
for houses and rafts. In England 
and other European countries it 
has been used for many years as 
thatching (Figure 2). The Romani-
ans have used the plant extensively, 
establishing large areas that have 
been under cultivation in the delta 
area of the Danube River since 
1956. Most of the reeds are turned 
into pulp for the production of 
printing paper. Other products are 
cemented reed blocks, synthetic 
fibers, alcohol, fuel, cardboard, 
cellophane, insulation materials, 
and fertilizer. The annual harvests 
are very substantia] and have 
become an important part of the 
Romanian economy. Scientists 
from Germany found the plant to 

INTRODUCTION 

The hybrid grass carp, a cross 
between the male bighead carp 

I I.i/poph (Jwlwiclit/i,i/s nobilis Rich. 
and the female grass carp, Cft'ia-
J)IhI?ryflgc'idc)ii idi'IIa Val., has a 

innnl 

A /ipihii,,.,' ipi 1-ii p )/ 	111oh /led iii Ii 

('PPoPuuI J(lpi (!'/ii,t,'Pii/P/i (Pup hip 

of I)iu'iil L. ."PiittOII). 

be an effective biological filter for 
waste water renovation as have 
scientists from Australia. The 
Swedes have found the plant to be 
a viable alternative energy source. 
They compress the harvested aerial 
stems into hales, pellets, or brick-
ets which are then burnt in modi-
fied furnaces. 

High yields of this plant are 
dependent upon an array of envi-
ronmental factors, two very im-
portant ones being nutrients and 
water. To exploit that fact, we ini-
tiated studies in south Florida for 
determining what sort of biomass 
yields we could obtain by growing 
he plants in high nutrient concen 

trations with unlimited water. This 
was accomplished by using corn-
posted sewage sludge as the 
growth medium and constantly i 
rigating the plants with second 
arily-treated sewage effluent. Both 
of these are waste products which 
are enriched with nutrients. By the 
second year of growth, the plants 
were almost 5 in tall (see Figure 3) 
and harvests of the aerial stalks 
yielded an average of 95 metric 
tonnes dry weight per hectare per 
year. This approaches the reported 
values for waterhyacinth which is 
claimed to be the highest yielding 

characteristic low feeding rate 
associated with slow growth ;  feed-
ing rates (consumption expressed 
as a percent of body weight per 
day) for 1980 hybrid grass carp 
have been reported to vary be-
tween 241% (Callahan and 

h,5i,u' • l •  

JCt(/ , ,'P PuPil Ill 

''P('iP3.P' s/lu/ge 	ird irrigule I ott/i 
i'ff/iu'iit in couth 

plant in the world. What is inter-
esting about our results is that they 
are only for the above-ground por-
tions of the plant which probably 
only constitute 25% of the total 
plant biomass. The remaining 751"')  

is below-ground, giving rise to the 
next year's growth. 

These preliminary results and 
knowledge of the reeds biology 
would indicate that this plant 
should have tremendous potential 
as an energy crop, an alternative 
to our dependency on fossil fuels. 
In addition, its wide dispersal and 
genetic variability (which should 
he able to be manipulated through 
genetic engineering) should give 
the plant universal appeal. 	0 

Osborne, 1983) and 35% (Ilestand 
et al., 1983). Due to this low con-
so mpt ion rate, the hybrid grass 
carp, in most field trials in Florida, 
has been incapable of hydrilla con-
trol even when stocked at relatively 
high rates (118 fish metric ton 
fresh weight hydrilla) (Osborne, 
1982,). On the other hand, grass 
carp have been shown to eliminate 

h ' flu Vii.. iv ot I, nil ial f'I,,rid,i 
'0. Box 25000 
)rI,inplo, 1.4,11da 328 I Pu 

- I'p'Ik ( ''univ,  I:rpvpp onuni'ni,pt Scrvk flu 
Pc). Il,,u 30 

ii i'iv Florida 33830 

Herbicides and Hybrids 
Dr. John A. Osborne1  

and 
Ms. Janine L. Callahan2  
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hydrilla when st (( Led in spring at 
the rate of 20 1-year (lid fish 
metric ton 1 -fresh weight hydrilla.  
Since large grass carp (greater than 
11 kg) have a feeding rate similar 
to the hybrid grass carp and much 
lower than 1-year old grass carp 
(Callahan and Osborne, 1083;  
Osborne and Sssic, 1070 ( and are 
known to control hvdrilla when 
assisted with herhR ide (Lake Jane, 
Orlando, Florida ), it was thought 
that perhaps hybrid grass carp 
might he useful under similar cir-
cumstances, i.e. used as a bio-
regrowth-( ontrol agent after vege-
tation reduction with herbicide. A 
herbicide-hybrid trial was under-
taken in RI ue lake, Longwood,  
Florida to determine the I easibility 
of this approach 

Methods and Materials 
Blue Lake, a I .0 acre hydrilla in-

fested pond, had been used as a 
test site for 1070  hybrid grass carp 
Previous to this study (Osborne, 
I 982,) . Blue Lake was renovated 
with rotenone in August [070, to 
remove the wild fish before the 
197 hybrids were stocked. At the 
termination (IF the IQ70 hybrid 
grass carp t I al, Aquathol (150 lb 
a(re) was ali[ilIr'd to the like in 

Lore, 1()81. [lie 1981 hybrid grass 
carp, purchased from I. M. tVialon 
and Son Fri terprises, were stocked 
into Blue Lake to start the herhii-
cide-hybrid trial at the rate of 750 
fish acre (80 Fish metric ton 1-fresh 
weight hydrilla) in November, 
1981. Blue Lake was again treated 
with herhir ide (Aqua thol, 100 lb 
acre and I )iqLiat , 2 gal acre) in 
August and September, 1982 to 
reduce the hydrilla biomass in 
order to remove t he hybrid,,. The 
hybrids were removed with 0. I 
ppm roterione in October, 1082 
(alter 325 clays). These Fish were 
housed in an experimental pond on 
the LJCF campus until February, 
1983, at which time they were 
returned to Blue Lake (224 fish). 
An additional 65, 1081 hybrid 
grass ( a rp were stocked into Blue 
Lake Makin)', a total of 280  hybrids 
(667 I ish metric ton '-fresh weight 
hydrilla ) . After 209 days and 
Following an application of herb i-
cide (Aqua t hol K, 5 gal ,  acr(, ) to 
reduce thc vegetation hiomnass, the 
hybrid grass carp were removed in 
September. 1983 using 0. 1 ppm 

ft n tine. 
The ef tect of the herbicides and 

hybrids on the hvd rilla in Blue 

Lake was determined by rnoni tur-
ing the vegetation biomass on it 
bimonthly schedule (October, 
1081 -O( toher, 1983) using the 
Osborne submersed aquatic plant 
sampler (API IA, 1081). 

Results 
Of the initial number of hybrid 

grass cat[) stocked in Blue Lake in 
November, I Q8 I , only 41.1 % re-
manned by October, 1982; this ac-
counted lot,  an average loss of 42 
fish month 1 . A total of 308 fish 
were removed from the lake. Since 
Blue Like (lid not contain a wild 

fish population, the high mortality 
of the hybrid grass carp was prob-
ably due to genetic deficiencies 
caused by hybridization, The 1981 
hybrids had a mean growth rate of 
1.3 gin fish clay and it mean 
weight of 504.8 gill fish ; the 
growth rate of these fish was 
28.2 "o faster than for the 1979 
hybrid grass carp that had been 
previously stocked into Blue Lake 
(Osborne, 10820. I. Jor comparison, 
grass carp stocked into Florida 
hydrilla infested lakes generally 
have a growth rate approaching 15 
gin fish day . The mean total 
length of the 1081 hybrid grass 
carp increased from  18.3 cm to 
34.7 cm within the 325 day trial. 
There was little Variation between 
(he size ()f individual lish. 
l'he hydrilla biomass in Blue lake 
at the time of the initial stocking 
of the 1081 hybrids was 1.88 kg 
m p-Fresh weight (I )e(ember, 1981). 
At this time, the livdrilla biomass 
began an immediate increase which 
continued throughout the 1982 
growing season. By August, 1982 
the hydrilla biomass had reached 
3,09 kg ni -fresh weight, Figure 1. 
The percent frequency of occur-
rence (coverage) over the sampling 
period (December, 1081 -ALigust, 
[982) was 100 l . There was no in-
dication of feeding by the 1081 
hybrid grass carp on the hydrilla. 
It is suspected that the hybrid grass 
carp, being principally a leaf feeder 
(Osborne. 1082J, probably 
stimulated the high rate of plant 
product ion in Blue Lake by causing 
the hydrilla to branch.  

After herbicide was applied in 
September, 1082 the hydrilla 
biomass declined rapidly, Figure 1. 
It had decreased to 1.42 kg in 
fresh weight by October, 1982 at 
which time the 1981 hybrid grass 
carp were removed. The biomass 
continued to decline throughout 
the winter and was only 0.08 kg 
m'-fresh weight in February, 1983 
when the 1981 hybrid grass carp 
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