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Preface

This report presents results of a pro,)ect on biological control of

waterhyacinth being conducted for the Aquatic Plant Control Research

Program (APCRP ) by the Department of Natural Resources, Commonwealth of

Puerto Rico, San Juan, Puerto Rico , under Contract No. DACW39—78—M—21~87.
The purpose of this project is to evaluate the waterhyacinth weevil

Neochetina eichhorniae for control of vaterhyacinth in Puerto Rico .
Funds for this effort are provided by the Office, Chief of Engineers,

under appropriation number 96X3122, Construction General, through the

APCRP at the U. S. Army Engineer Waterways Experiment Station (WEB).

The principal investigator for the work was Dr. Leonce Bonnefil

who prepared this report. He was assisted in the work by Messrs.

Miguel A. Rodri’guez, Evangelio Lebr~n, and Eduardo de Arag~n.

The work was monitored at WEB by Mr. W. N. Rushing of the Aquatic

Plant Research Branch (APRB), under the general supervision of Mr. W. G.

Shockley, Chief of Mobility and Environmental Systems Laboratory (MESL),

and Mr. B. 0. Benn , Chief of the Environmental Systems Division, and

under the direct supervision of Mr. J. L. Decell, Chief of the .P1PBB . As

a result of a reorganization at WES, Mr. Decell is now manager of

the APCRP , which is a part of the Environmental Laboratory of which

Dr. John Harrison is Chief.

The Commander and Director of WEB during this period was COL John L.

Cannon, CE. Technical Director was Mr. F. R. Brown
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Conversion Factors, U. S. Customary to Metric (SI)

Uni ts  of Measur ement

U. S. customary uni ts  of measurement used in th i s  report can be
convert ed to met r ic ( SI ) uni ts  as follows :

Multiply By To Obtain

feet 0.30148 metres

inches 2 5. 14 millimetres

3
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INTRODUCTION OF THE WATERHYACINT H WEEVIL (Neochetina
Eichhorniae WARNER) INTO PUERTO RICO

Background

1. Practically all water bodies in Puerto Rico are infested to

some degree with aquatic weeds. The reasons of this high incidence of

the pest plant s can be found in the topographical , hydrological , as well

as the socioeconomical condit ion s of t he island .

2. Puerto Rico is small, mountainous, and densely populated. The

high amount of rainfall, especially on the north coast, sus’,.ains a num-

ber of rather important streams among which are Ri’°o La Plata , Ri~ Grande
de Manati’~, RIO Grande de Arecibo, R1o Espiritu Santo, and Ri~ Grande de

Loi’~za. All of these streams receive great quantities of nutrients from

agriculture lands, pastures, milking stands, and a great variety of

industries. They are highly eutrophic since they are short and slow

moving in the coastal plain , allowing for little to no dilution of con—
taininants. Most of these rivers are also dammed and the resulting

reservoirs are all invaded to a certain extent by water weeds .
3. In the rainy season flash floods are customary, causing the

weeds from heathraters and reservoirs to be washed downstream producing

accumulations at dams, bridges , and natural or artificial obstructions.
14. There always are residual stands of waterhyacinth along the

sinuous courses of rivers and within coves in natural and artificial
ponds or lakes. These stands , in addition to being sheltered from
rushing waters , are often at the foot of steep hills and are the nur — H

series of waterhyacinth , alligatorweed , waterlettuce, duckweed , and
other less important floating aquatics. Rooted species like paragrass

help in anchoring down the vegetable mass. The destruction of the

plant s in these protected recesses is neither easy nor cheap .

5. In general , conventional methods of weed control by machines

and chemicals are of limited use in Puerto Rico , the streams being shal-
low, rocky , and , as mentioned earlier , offering little chance for mixing
and dilution of chemical residues .

14 
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6. The only alt ernat ive which is safe , self—renovating , and inex —
pensive , once successfully established , is biological control. For that
reason , the introduction of the vaterhyacinth weevil in Puerto Rico was

projected at the beginning of 1977 wi th the financial assistance of the

U. S. Army Engineer Waterways Experiment Station (WEB), Vicksburg,

Mississippi .

Introduction of the Insect

7. Following conversation and correspondence with Dr. David

Perkins of the U. S. Department of Agriculture (USDA) Fort Lauderdale ,
Florida, as to the biology and ecology of Neochetina and after a re-

quest for introduction was processed through local and Federal channels,

the ~~rst group of weevils was mailed and arrived on 1 February 1977.
Of those mailed 386 were alive and 3 were dead.

8. Previously , two large glass tanks 2 by 2 by 6 It’ had been made

available in a Department of Natural Resources laboratory in San Juan

and stocked with waterhyacinth plants. There was an excess of insects

(eight per plant), but the tanks were meant as temporary storage and as

a source of insects for tests of food preference with local species of

plants.

9. As anticipated, the plants did not resist and never lasted over

an average of four days. The laboratory was kept at about 25°C and

62 percent relative humidity.

10. It became apparent that a large number of plants would be neces-

sary to replace the dying ones. It was then decided to construct a

screenhouse in which large wooden troughs, waterproofed with fiberglass,

would be maintained to supply waterhyacirith as well as test plants.

Such a structure was set up on top of a building next to the air—

conditioned laboratory. The screenhouse was meant to keep foreign in—

sects away from the waterhyacinth cultures while they were under natural

* A table of factors for converting U. S. customary units of measure—
ment to metric (SI) can be found on page 3.

5
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light . The results were satisfactory except in times of stormy weather

when the winds blew salt spray that burned the plants (the Department of

Natural Resources building is close to the beach).

Host Preference Tests

11. The tests of host preference were performed using the layout

of Figure 1. A simple cage 148 in. long, 148 in. wide , and 30 in. high

with an elevated bottom was used. Twelve empty cans were distributed

in a circle around a center hole for a glass bowl which contained a

waterhyacinth plant. The 12 cans contained four plant species each one

being replicated three times. The positions of the replicates was deter-

mined by the use of random tables , each plant being assigned a number .

The center waterhyacinth plant had several healthy leaves. A small

cage was placed over the waterhyacinth plant to conf ine  the weevils

unti l  they became famil iar ized wi th  the cage environment . The insects

were then freed by removing the cage. The leaves of the test plants

were examined daily for 2 weeks for signs of feeding by the weevils.

All plants were then removed from the test cage and incinerated. The

soil was fumigated with carbon tetrachioride to kill all possible insect

stages.

12. Three tests were performed at the dates stated below using

plants found in close association with waterhyacinth , being either

truly aquatic , submerged , attached to the bank , projecting over water ,
or grown close to river courses, lakes, or ponds.

a. Test I (14 February 1977):

Lettuce (Lactuca sativa L . )

Cabbage (Brassica ol..eracea L . )

Tomato (Lblcopersicwn lycopersicum L . )

Smartweed (Polygonum portoricensis )
I. Test II (21 May 1977):

Eggplant (Solanum me longena L . )

Corn ( Zea mayo L . )

Sweet potato ( Ipomea batatas L . )

6
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a. Cans are arranged clockwise around the
waterhyacinth bowl

I 
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b. Section showing how cans fit into false
bottofn

Figure 1. Cage for feeding tests

7
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Alligatorweed (Al ~ i!i~l’frL~.’i~ t ii~. i~u ;~1u L xci -i /e~; (~.Pirt . ) ~riesi - )
c. Test I I I  (20 February 1978)

W i l d  castor bean ( k iuu~ cort~nunis i .

Water let tuce (Pistia st ratioties L . )

Pepper (~~z: ~; i~~wri annum L.)

Cut leaf nightshade (Solan um torvum ~w .)

13. As a rule , plant species that  were tested in other count r ies

against V~ o~~~:t k: wex~ not ~rcf’erentially included in these tests .

114. Di rre r e r i t concentra t ions  of weevils  were used. No c r i te r ion

for the number of insect s was available and arb i t rary  numbers of weevi ls

were provided per test plant from a mir iinw~ of 2 to a max~ r~ur. of 14.

In all cases , the :iurh - er of in~-e c t s  on the waterhyac in th  greatly overran

t h e  riant and it quickly dried up. Nevertheless , no insect was ever

found probing or feeding  on any plant except the waterhyacinth.

15. To get away from the adverse eff ect of salt spray , space was

secured in a glass greenhouse at the Agriculture Experimental Station in

Ri~ Piedras (Figures 2 and 3). Already available were cement troughs

divided in sections 140 in. long , 37 in .  wide , and 16 in. high . Over

these troughs, screened cages 3 ft tall and. opening at the top were

built (Figures 14 and 5 ) .
16. U s i n g  the insects left  from a second shipment on 1 September

1977, 150 specim ens were introduced at the rate of two insects per

plant in the f ive sections of one of the troughs. See Figures 6 and 7

for comparison.

17. At f i r s t  the waterhyacinth grew normally and showed no sign

of stress. Later, however , as the plants had been in the troughs for

about 3 months , si~ ns of mineral def iciencies appear ed, mostly of iron

and manganese , and had to be corrected . The weevils began feeding

promptly. Weekly counts were made of the feeding spots and later , as

it became evident that the growt h of the plants was stressed by the
feeding of the insect , measurements were also made of the central wrap—

ing leaf and the other leaves around the crown.

18. At the time of the writing of this report there was no evi—

dence that the weevils were reproducing in captivity. There was an

8
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Figure 2. Greenhouse at the Agricultural Experiment
Station in Ri~ Piedras , Puerto Rico , with in
which Neochetina population was kept
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Figure 3. Section of the greenhouse restricted
for research with the waterhyacinth
weevil
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Figure 14. System of screened cages for rearing Neochetina
under quarantine in San Juan, Puerto Rico

apparent general decline in the number of feeding spots and a certain

degree of recovery of the damaged plants. A simple experiment was also

performed. to determine the presence of a population of ~‘eevils supposed

then to be higher than two individuals per plant, in the following man-

ner. Three plants from the control, without any weevil damage, were

introduced among the damaged plants in two sections and closely ob-

served. The attack on the plants was fair but obviously not enough to

critically affect them. To accurately assess reproduction, it would be

necessary to go into egg and larvae counting .

19. The declining damage level might have been the result of a

variety of factors, among which are plant age, insect age, conditions

within the glasshouse (mostly temperature), etc . If proved necessary ,

10
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Figure 5. Closeup view of cement
trough with Neochetina
infested waterhyacinth

- 

~ im’- - -

Figure 6. Section of trough with waterhyacinth
shoving Neochetina damage
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Figure 7. Control without weevils. At a later stage
the hyacinth grew to considerable s ize

these aspects might be investigated at a later stage since such informa-

tion could be of value in the future.

Summary and Comment s

20. The following summary is offered:

a. The first waterhyacinth weevils (Neochetina eichhorniae
Warner), which were introduced in Puerto Rico and main-
tained in strict quarantine , survived 212 days or roughly
7 months.

b. They did not multiply in the laboratory although they did
lay eggs which developed into larvae, obviously because
the plant host was under artificial light and died fast
and had to be constantly replaced .

c. Under natural light, the waterhyacinth survived well (now
9 months) and was significantly stressed by the attack of
the weevil. Reproduction , however, was not evident , as
indicated by a decline in the degree and severity of the
damage by the insect. It is suspected that treated water

• may interfere with larval development and/or pupation .

d. Research in conditions of quarantine cannot be said to
fully represent the conditions of nature and at this stage
some release in isolated sites should be considered.
These sites should be closely monitored .

12
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e. Concurrently, bionomic ~tud1c ~ 2~ ?AI )u i j  continue under re-
laxed quarant ine condi t ions to e~ t abli~~i d i f f ~-r~ nt . aspects
of the dynamics of’ Neochetina populations. ~t may be
necessary to move the insect out of the glass greenhouse
to a screenhouse which would be cooler.

-
~~

- 

13

- ~~~~~~~ ~- ~~,- - r .  - _. . . _ _ - ,_.. - . .-

- • - _  - -~~~~ - _-~~~ ~~~ —- -~~~~~~~~~—~~~~ 

S 

• _ _ _ _

____________  

—



— - • -- 
~~-~-~~~—.~~~ ———- ~~~~~~~~~~~~~~~~~~~~~~~~~~

I3ibJ iography

Ccui:crl , J. B. 1 )1),. “1 ut Y t L t  i d  Environmental F ~i’~~ct  I~~l th i~ 1ntr~ —
duc tion of tju Ar~~~tjt Wttterhya: in t l  Wk~~v ii , •~ ~~~~ tina ~~ I I / ; ~(I!’?’~~ia L ,

into tht United Statt s” in “h i JocicaJ . (‘~ n ’ ro~ of’ Waterhyacinith with
Insect Enemies.” ‘~-cnn i cttJ , A ; ; ~~ n 1  x F , U.  . Army hn ,’ irieer
Waterways i~xperitnen ’ ~t t ~ ion , CE , ~‘ickshurg , Mi:::.

Departamento l’~ - ‘on t :  I y Approvecha.rniento de Malezas Acuaticas. I~~~ .“Control Biolo~ico h i Li rio Acua~tico por el F: t r a f aJ I  ~otea(Ic ( C I E C C A ) .

Perkins , B. D. 1971. ~: t  .‘ 1~~c i u i c i t y  and Biology Studies of
.V~o~~ €’t ~n€z cf • .  ~‘~: ~ W~trr~t r  ~n 1 I n~;t c’ t for ht Control of Waterhya—
cintns. ” Biological Control of Aquatic Weeds. USDA-ARS Florida Area
Southern Region .

__________ 
l9(~~. “Potential for Waterhyac iritl Management with

Biological Agents.” Proceedings, Annual Tall imbers Conference on
Ecological Animal Control by Habitat Management.

__________ 
19714. “Biocontrol o~’ Waterhyacinths” in “P~o1ogical Con-

trol of Waterhyacinth with Insect Enemies.” Technical Report ( , A r —
pendix P. U. fl. Army Engineer Waterways Experiment Station , CE, Vicks-
burg, Mi ss .

Spencer, N. H. et al. 19714. “Insect Enemies of Aquatic Plants” in
“Biological Control of Waterhyacinth with Insect Enemies.” Technical
Report 6, Appendix D , U. ~~~. Army Engineer Waterways Experiment Station ,
CE , Vicksb urg , Miss.

114

-~~ - -— -~~~~~~~~~ 

S 
_ _ _ _ _ _

- ~~~~~~a_._ — — ~— — -—_- -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~L,&LE



~~~~~~~~~
- 

~U -  
-

~ 

-

In accordance with lett er from DAEN-RDC , DAEN-AS I dated
22 Jul y 1977, Subject: Facsimile Catalog Cards for
lAboratory Technical Publications , a facsimile catalog
card in Library of Congtess MARC format is reproduced
below .

Ronnef i l , Leonc e
Introduction of the waterhyacint h weevil (Neochetina

eichhorniae Warner) into Puerto Ri co I by Leonce Bonnefi l
Eet al l , Department of Natura l Resources , Conunonwea lth of
Puerto Rico , San Juan , Puer to Rico . Vicksbu rg, Miss. : U . S.
Waterways Experiment Station Spri ngfield , Va. : av a i l a b l e
from Nat ional Technical Information Service , 1979.

1-1 p. : ill.  27 cm. (Miscellaneous paper - U. S. Army
Engineer Waterways Experi ment Station ; A -79-5)

Prepared for Office , Chief of Engine ers , U. S. Army,
Washi ngton , D. C. , under Contract No. DACW39 -78-M-2487.

Bibl iography: p. 14 .

1 . Aqua t ic p lant contro l . 2. Puer to Rico. 3. Water hyacin ths.
2 . Weevils. I. Puerto R ico. Dep t . of Natu ral Resources.
11 . Uni ted States. Army . Corp s of Engineers. III. Series:
United States. Waterways Experiment Station , Vicksb urg , Miss.
Misc ellaneous paper ; A-79-5 .
TA 7.W34m no.A-79-5

L


