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Table 3. Performance of the four cyclopoid species in field trials

. Cyclopoid b No. instars III
Cyclopoid survival, wke No. cyclopoids and IV = SE¢
200-liter drums in active use (n = 24)¢
Mesocyclops longisetus 27 904,000 0.01 = 0.01 (85)
Macrocyclops albidus 7 16— 900 0.7 0.3 (11)
Mesocyclops thermocyclopoides 3 20— 700 12.6 £ 9.6 (13)
Mesocyclops venezolanus 3 2—- 500 5332 (17)
Controls® —_ 0 55.0 = 17.1 (35)
200-liter drums not in active use (n = 10)¢

Mesocyclops longisetus 30 200-3,000 0(12)

Macrocyclops albidus 6 1- 300 0(12)
Mesocyclops thermocyclopoides 30 500- 700 1.0+ 08 (12)
Mesocyclops venezolanus 30 300-1,300 0.3+03 (12)
Controls® == 0 105+ 6.3 (12)

Tires (n = 37)%/

Mesocyclops longisetus 26 25-1,600 1.1 +0.5 (61)
Macrocyclops albidus 21 25-2,000 3.3+1.6 (32)

Mesocyclops thermocyclopoides 9 15~ 600 ND
Mesocyclops venezolanus 5 2-3,000 6.8 = 4.0 (28)
Controls® K — 0 59.5 + 10.5 (84)

Vases with live plants (n = 26)¢

Mesocyclops longisetus 18 3-120 0 (44)
Macrocyclops albidus 16 1- 55 0302 (58
Mesocyclops thermocyclopoides 14 2~ 65 0.1 +0.1 (38)

Mesocyclops venezolanus 14 1- 45 0(22)
Controls® —_ 0 48 £2.1 (25)

2 Mean number of weeks that cyclopoid populations survived after introduction to containers. Maximum time for drums and

tires was 30 wk; maximum time for vases was 20 wk.

® Range of cyclopoid numbers in containers (adults and large copepodids).
¢ Mean number of third and fourth instars of Ae. aegypti in all drums, tires, and vases while cyclopoids were in the containers
(number of inspections in parentheses). Inspections during the first 2 wk after cyclopoid introduction are not included because

cyclopoid and larval populations were not yet stabilized.
4 n = number of containers.
¢ No cyclopoids introduced.
f All tires (automobile and truck).

peared, leaving Mesocyclops longisetus in the
container; or all four species disappeared.

Effect of Cyclopoids on Ae. aegypti Larvae.
The percentage of control containers (without
cyclopoids) positive for first- and second-instar
Ae. aegypti larvae is an indicator of the recruit-
ment rate of larvae into the containers. During
the field trials, 38% of the inspections of control
containers of all kinds (n = 322) were positive for
first and second instars.

Because it is conceivable for newly hatched
larvae to remain in a container for a day or more
before growing too large for cyclopoid predation,
first and second instars are to be expected in
some containers even when cyclopoid predation
is completely effective. Seventeen percent of the
inspections of containers with cyclopoids were
positive for first and second instars (n = 468).
Most of the first and second instars were in con-
tainers with <10 cyclopoids. Larval survival in
containers with larger numbers of cyclopoids ap-
peared to be so brief that first and second instars
were seldom observed.

Third and fourth instars of Ae. aegypti were
particularly useful indicators of cyclopoid effec-
tiveness, because these larvae escaped cyclopoid
predation. Thirty-one percent of the inspections

of all control containers were positive for third
and fourth instars, whereas only 6% of the con-
tainers with cyclopoids were positive.
Cyclopoids reduced the numbers of third and
fourth instars even more than they reduced the
number of positive containers (Table 3). Mesocy-
clops longisetus performed best, because it
maintained large numbers in containers more
consistently than the other cyclopoid species.
The number of third and fourth instars of Ae.
aegypti observed in 200-liter drums with M.
longisetus was less than a thousandth the num-
ber in control drums. The number of third and
fourth instars in tires with M. longisetus was 98%
less than in control tires. The few third and
fourth instars observed in tires with M. longise-
tus were associated with exceptionally low pop-
ulations of the cyclopoid after the tires had
nearly dried out. No third and fourth instars were
observed in vases with M. longisetus.
Macrocyclops albidus reduced third and
fourth instars of Ae. aegypti in drums by 99% and
in tires by 93% compared with controls (Table 3).
The performance of Mesocyclops venezolanus
and M. thermocyclopoides in drums and tires
was substantially poorer than the other tested
species, because their populations often dropped
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Table 4. Mean number (+SE) of third and fourth in-
stars of Ae. aegypti larvae in 200-liter drums and tires
during period immediately following introduction of Me-
socyclops longisetus

Weeks after cyclopoid

introduction Sampﬂle
size
1 2 3
Drums
BTI not applied 27.0+ 151 1.0+x1.0 0202 0 6
BTI applied? 0 0 0 0o 7
Tires
BTI not applied 54.1 = 86 16+ 16 06 +06 0 7
BTI applied® 0 0 0 0o 7

2 Number of drums or tires monitored.
b BTI was applied once (concurrently with Mesocyclops in-
troduction).

to low numbers that did not eat all Ae. aegypti
larvae. One or two third and fourth instars were
seen occasionally in vases containing Macrocy-
clops albidus or Mesocyclops thermocyclopoides
if there were fewer than five adults of these spe-
cies in the vase.

It took up to 4 wk for third and fourth instars of
Ae. aegypti to disappear completely from drums
and tires after introducing Mesocyclops longise-
tus without applying BTI (Table 4). When Vec-
tobac was applied concurrently with the intro-
duction of M. longisetus, all mosquito larvae
were dead within a day, and very few Ae. aegypti
larvae were observed thereafter. BTI had no neg-
ative effect on the cyclopoids.

Thirty-six percent of the inspections of cement
animal drinking containers, cisterns, or ornamen-
tal pools without cyclopoids were positive for
third and fourth instars of Ae. aegypti (average
number of third and fourth instars, 105 + 32
[SE]; n = 33). Third and fourth instars were
present in 7% of the inspections of these contain-
ers that had M. longisetus, and the numbers of
larvae were low (average number of third and
fourth instars, 2.1 = 1.3; n = 57).

Culex larvae of all instars were observed fre-
quently with all cyclopoid species in all contain-
ers used in the field trials.

Field Predation Experiments

In the experiments in which 1,000 Ae. aegypti
eggs were placed in 200-liter drums that con-
tained long-term populations of Mesocyclops
longisetus, all Ae. aegypti larvae disappeared
from all five drums. From the 1,000 eggs placed
in the control drum, 860 larvae hatched and 248
larvae were still present after 5 d.

When 500 Ae. aegypti eggs were placed in
each of five tires with long-term populations of
M. longisetus, four tires had no surviving larvae
after 5 d. The other tire (a small tire with a dense
growth of algae and an unusually small popula-
tion of M. longisetus) had 32 surviving larvae. In
the control tire, 199 larvae survived.
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When 20 newly hatched Ae. aegypti larvae
were placed in plant vases 3 mo after cyclopoid
introduction, M. longisetus always killed all the
larvae. An average of 85 = 14% of the larvae died
with M. venezolanus, and 79 = 5% of the larvae
died with Macrocyclops albidus. During the 5 d
of the experiment, 33 + 8% of the larvae died in
control vases without cyclopoids.

Cyclopoid Distribution within Containers

Mesocyclops thermocyclopoides and M. vene-
zolanus almost always were swimming in the
water column of 200-liter drums and 20-liter bot-
tles. They were somewhat more concentrated to-
ward the bottom. Less than 5% of these two spe-
cies rested on the bottom or sides of the
container.

Few Mesocyclops longisetus or Macrocyclops
albidus were seen in the water column of drums.
When observed in 20-liter bottles, 80-95% of the
M. longisetus and M. albidus were within 8 cm of
the bottom, some swimming and others on the
bottom or sides. Almost all the M. longisetus and
M. albidus that were not within 8 cm of the
bottom of a bottle were clinging to the sides.

When the water in a bottle was agitated (as
might happen when water is dipped out of a
container for use), M. longisetus continued to
cling to the sides or remained close to the side if
loosened by the current. All four species were
sometimes seen feeding at the water surface. If
M. longisetus was at the surface, it moved to the
side of the bottle when the water was agitated.
The other species remained in the middle.

Discussion

All four species of cyclopoids in this study
were voracious predators of Ae. aegypti larvae.
The largest species (Mesocyclops longisetus)
(adult female body length, 1.5 mm) killed the
most larvae per cyclopoid per day, and the small-
est species (M. thermocyclopoides and M. vene-
zolanus) (adult body length, 1.2 mm) killed the
fewest larvae. Kay et al. (1992) observed that M.
longisetus killed more Ae. aegypti, Anopheles
farauti Laveran, and Culex quinquefasciatus
Say larvae than M. aspericornis (a slightly
smaller species) under laboratory conditions in
2-liter beakers.

However, the effectiveness of each cyclopoid
species in the field trials depended primarily on
its ability to survive and maintain large numbers
in a container. M. longisetus was clearly best in
this regard, surviving well in all tested contain-
ers except laundry tanks, buckets, 40-liter plastic
drums, and pots. M. longisetus usually remained
in a container for the duration of the field trials
unless it was dumped or dried out, although it
sometimes disappeared from vases or cement
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tanks (cisterns and animal drinking containers)
when not discarded.

There are several explanations for the rela-
tively poor survival of Macrocyclops albidus,
Mesocyclops thermocyclopoides, and M. venezo-
lanus. First, the distribution of M. thermocyclo-
poides and M. venezolanus throughout the water
column exposed them to substantial losses when
water was dipped from a storage container.
Fewer M. longisetus or M. albidus were lost be-
cause most individuals of these species re-
mained at the bottom or sides of a container
when water was dipped out.

Second, overpopulation of containers may be a
problem for M. venezolanus, and possibly for M.
thermocyclopoides, which often disappeared af-
ter producing a large number of juveniles that
may have eliminated their food supply. In con-
trast, M. longisetus and M. albidus populations
consisted almost entirely of adults. The latter
two species may prevent overpopulation by can-
nibalizing their own nauplii (G.G.M., unpub-
lished data).

Third, intolerance to high temperatures may
explain the low survival of M. albidus. Water
temperatures in containers exposed to the sun in
El Progreso may exceed 40°C. The maximum
temperature that M. albidus can survive is 37—
38°C compared with 42—43°C for the three spe-
cies of Mesocyclops (G.G.M., unpublished data).

BTI should be a routine adjunct to cyclopoid
introduction whenever there are mosquito larvae
in a container at the time of introduction. Control
of Ae. aegypti is immediate and long term when
M. longisetus and BTI are applied together.

Mesocyclops longisetus is the species of
choice for Ae. aegypti control, but the field trials
demonstrated that a control program will not suc-
ceed if the cyclopoids are simply introduced to
containers and forgotten. The effectiveness of
M. longisetus for Ae. aegypti control will require
community participation to maintain container
conditions essential for its survival. For example,
M. longisetus will last longer in tires that are
shaded so they cannot dry out readily. If all the
water in a drum is needed for use, a small
amount should be left at the bottom to sustain the
cyclopoids.

Community participation also is needed when
containers are cleaned. Lardeux (1992) observed
that M. aspericornis disappeared from 200-liter
drums that were cleaned periodically. The net
rescue procedure that we used when drums were
cleaned was effective but required demonstra-
tion of the technique and substantial motivation
on the part of housewives to continue the effort.
Maintaining M. longisetus in drums takes an ef-
fort, but a selling point is that M. longisetus re-
quires less effort than most other Ae. aegypti
source reduction methods. M. longisetus elimi-
nates Ae. aegypti larvae no matter how infre-
quently or incompletely drums are cleaned.
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Finally, despite precautions, M. longisetus
will sometimes disappear from containers, mak-
ing reintroduction necessary. Although cyclo-
poids are small, they can be seen with the naked
eye, and people need to make a point of observ-
ing them so they know when they are lost. When
reintroduction is necessary, it can be done sim-
ply by transferring water containing M. longise-
tus from a nearby treated container.
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