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Table 5. Number of cyclopoids per tire at the first 3 field locations.

% + SE* Sample size®
Time after introduction and Toxorhynchites Toxorhynchites
species introduced Range Absent Present Absent Present

6-8 weeks after introduction

Macrocyclops albidus 3-100 45+ 8 59+ 6 31 34

Mesocyclops ruttneri 5-400 87+ 15 119 £ 19 28 28

Macrocyclops/M. ruttneri® 5-400 136 + 30 112 £ 19 20 29

Mesocyclops edax 10-250 72+ 15 141 + 39 18 17

Acanthocyclops vernalis 10-1,000 358 £+ 80 255 + 60 15 22

Diacyclops navus 10-2,000 664 + 195 572 £ 135 19 17
3 months after introduction

Macrocyclops albidus 20-200 81+ 10 117 £ 22 32 10

Mesocyclops longisetus 10-1,000 218 + 43 189 + 35 25 17

Mesocyclops ruttneri 1-750 154 + 42 158 + 26 25 17

2 Average number of cyclopoids per tire, based only on tires that were positive for the species indicated.

> Number of tires.

¢ Mixture of Macrocyclops albidus and Mesocyclops ruttneri.

Table 6. Aedes albopictus larvae and pupae in tires with and without Toxorhynchites at the first 3 field
locations 6-8 weeks after introducing cyclopoids.®

Larvae Pupae
Percent Percent
Species introduced Number® reduction® Number® reduction®
No Toxorhynchites
Macrocyclops albidus 0.7+ 0.3 99 0.03 £ 0.03 99
Mesocyclops ruttneri 3.3+1.1 95 0.8+ 0.4 80
Macrocyclops/M. ruttneri® 1.2+ 0.7 98 0.05 £+ 0.05 98
Mesocyclops edax 2.6+ 04 96 0.4 +0.1 90
Acanthocyclops vernalis 6.4+1.2 90 2.0+ 09 51
Diacyclops navus 11.2 £ 24 83 3.3x1.0 20
Controls® 65.4 £12.0 — 41*13 —
Toxorhynchites present
Macrocyclops albidus 0.22 = 0.09 >99 0 100
Mesocyclops ruttneri 0.70 +£ 0.24 99 0.07 £ 0.05 98
Macrocyclops/M. ruttneri® 0.21 +0.14 >99 0 100
Mesocyclops edax 1.0+0.3 98 0.3 0.1 93
Acanthocyclops vernalis 28+1.9 96 0.2 +0.1 97
Diacyclops navus 3.0x1.0 95 0.5£0.3 88
No cyclopoids’ 16.6 £ 3.0 74 1.1 +£0.4 73

2 Sample sizes (i.e., number of tires) are the same as in Table 5.

b Average number of larvae or pupae + SE per tire.

¢ Reduction in number of larvae or pupae compared with controls.
4 Mixture of Macrocyclops albidus and Mesocyclops ruttneri. )
¢ Tires containing neither cyclopoids nor Toxorhynchites (sample size = 36 tires).

fSample size = 48 tires.

and Diacyclops navus were significantly less ef-
fective. The largest numbers of Ae. albopictus
larvae were observed in tires with exceptionally
large populations of Diacyclops navus. Larvae
appeared to escape predation because the
crowded and stunted Diacyclops were too small
to prey on them.

Macrocyclops albidus was the most effective
predator. The number of Ae. albopictus larvae in
tires with Macrocyclops albidus 6-8 weeks after
introduction was only 1% of the number in
control tires (Table 6). The same was true for
pupae. The mixture of Macrocyclops albidus and

Mesocyclops ruttnert was nearly as effective as
Macrocyclops albidus alone.

No Ae. albopictus larvae or pupae were found
in any of the tires with Macrocyclops albidus
when they were sampled 3 months after intro-
duction (Table 7). The same was true for mix-
tures of Macrocyclops albidus and Mesocyclops
ruttneri. A total of 4 Ae. albopictus larvae were
found in all the tires with Mesocyclops longisetus.
More than 1,000 Ae. albopictus larvae were col-
lected in the same number of control tires at
that time.

Aedes albopictus larvae were reduced most
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Table 7. Aedes albopictus larvae and pupae in tires without Toxorhynchites at the first field location 3 months
after introducing cyclopoids.

Larvae Pupae
Percent Percent Sample
Species introduced Number® reduction® Number? reduction® size®
Macrocyclops albidus 0 100 0 100 32
Mesocyclops longisetus? 0.1+0.1 >99 0 100 25
Mesocyclops ruttneri 29+18 90 1.6x1.1 73 25
Macrocyclops/M. ruttneri® 0 100 0 100 23
Controlsf 28.0 + 9.3 — 6.0x1.3 — 27

® Average number of larvae or pupae + SE per tire.

> Reduction in number of larvae or pupae compared with controls.

¢ Number of tires.

4 Mesocyclops longisetus field trials were conducted a year later than other cyclopoid species. Average number
of larvae in control tires was 84 + 22; average number of pupae was 1.0 + 0.6.

¢ Mixture of Macrocyclops albidus and Mesocyclops ruttneri.

fTires containing neither cyclopoids nor Toxorhynchites.

when Toxorhynchites were present in tires with
the cyclopoids (Table 6). Pupae were reduced as
much as larvae. Although Tx. rutilus reduced
Ae. albopictus larvae and pupae only 74% when
by itself, even the weaker cyclopoid predators
reduced both larvae and pupae nearly 100%
when Toxorhynchites were present in the tires.

Cyclopoids eliminated Ae. triseriatus larvae
almost as effectively as Ae. albopictus larvae.
Seven weeks after cyclopoid introduction, no Ae.
triseriatus larvae were found in tires with a
mixture of Macrocyclops albidus and Mesocyclops
ruttneri (Table 8). Tires containing a single
species of cyclopoid averaged about one Ae. tris-
eriatus larva/tire. (Control tires averaged 5.7 Ae.
triseriatus larvae/tire.) When the tires were ex-
amined 3 months after cyclopoid introduction,
no Ae. triseriatus larvae were found in tires with
Macrocyclops albidus, Mesocyclops ruttneri or a
mixture of the two species. Only 2 Ae. triseriatus
larvae were found in all the tires with Mesocy-
clops longisetus.

Culex salinarius and Or. signifera larvae were
not reduced significantly by any of the cyclopoid
species.

Cyclopoid survival was poor in the 85 tires
examined at the fourth location 10 weeks after
introducing cyclopoids. Diacyclops navus were
present in 50% of the tires to which they had
been introduced, but other species were found
in only 10-20% of the tires to which they had
been introduced. There were not enough tires
with cyclopoids at the fourth location to provide
precise information about their impact on mos-
quito larvae, but none of the tires with Macro-
cyclops albidus (or a mixture of Macrocyclops
albidus and Mesocyclops ruttneri) contained
Aedes larvae. A few tires with Mesocyclops rutt-
neri or Diacyclops navus contained a small num-
ber of larvae. Every tire without cyclopoids con-

Table 8. Aedes triseriatus larvae in tires after
cyclopoid introductions at the first field location.

No. of

Time after introduction Percent Sample

and species introduced larvae® reduction® size®
7 weeks after introduc-
tion
Macrocyclops albidus 1.2 = 0.9 79 23
Mesocyclops ruttneri 1.3 + 0.9 71 14
Macrocyclops/M. rutt- 0 100 16
neri®
Controls® 5.7+26 — 31
3 months after introduc-
tion
Macrocyclops albidus 0 100 40
Mesocyclops longisetus® 0.1 + 0.1 99 42
Mesocyclops ruttneri 0 100 15
Macrocyclops/M. rutt- 0 100 15
nerid
Controls® 49+15 — 32

* Average number of larvae per tire + SE.

> Reduction in number of larvae compared to con-
trols.

¢ Number of tires.

4 Mixture of Macrocyclops albidus and Mesocyclops
ruttneri.

¢ Tires without cyclopoids.

f Mesocyclops longisetus field trials were conducted
a year later than other cyclopoid species. Average
number of larvae in control tires was 6.8 + 3.1.

tained Ae. albopictus or Ae. aegypti larvae, av-
eraging 15 larvae/tire.

DISCUSSION

Macrocyclops albidus was the most effective
predator; it was the only species that consist-
ently eliminated all Aedes larvae. Mesocyclops
longisetus was also highly effective; predation by
Mesocyclops longisetus was nearly 100%. Macro-
cyclops albidus and Mesocyclops longisetus were
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also among the species that survived best in
tires (Table 4).

Mesocyclops ruttneri and Mesocyclops edax
were reasonably effective as predators, but their
survival in the tires was inferior. Acanthocyclops
vernalis was not particularly effective with re-
gard to predation or survival. Diacyclops navus
survived the best of all the species, but it was
the weakest predator.

The mixtures of Macrocyclops albidus and Me-
socyclops ruttneri performed more or less as well
as Macrocyclops albidus alone, i.e., nearly perfect
predation. This was much better than the nat-
ural mixture of larvivorous cyclopoids that oc-
curs most commonly in tires in New Orleans—
Macrocyclops albidus and Diacyclops navus—
which was observed to reduce Ae. albopictus
larvae only 95% (Marten 1989). A particular
advantage of the mixture of Macrocyclops albi-
dus and Mesocyclops ruttneri was that success
of introduction and subsequent survival in tires
were better with the mixture than with Macro-
cyclops albidus alone. At the first 3 field locations
all tires to which Macrocyclops albidus and Me-
socyclops ruttneri were introduced together still
had the cyclopoids (and complete control of
Aedes larvae) after 3 months (Table 4, Table 7).

The number of pupae in a tire is a measure of
the production of adult mosquitoes. The weaker
cyclopoid predators did not reduce pupae as
much as they reduced larvae (Table 6, Table 7).
For example, Acanthocyclops vernalis reduced
larvae by 90% but reduced pupae by only 51%
(Table 6). The explanation appears to be that
the input of larvae to many of the tires was well
in excess of the capacity of food resources in the
tires to produce adult mosquitoes. Laboratory
studies with Ae. albopictus under simulated tire
conditions have shown that the production of
adult mosquitoes does not increase in proportion
to the number of larvae when there is crowding
(G. G. Marten, unpublished data). Incomplete
predation thins out overcrowded larvae without
correspondingly reducing the production of
adult mosquitoes (Service 1985).

The mutual reinforcement of predation by
cyclopoids and Toxorhynchites is worth noting.
Because Toxorhynchites are effective predators
of third and fourth instar larvae, they comple-
ment first instar predation by cyclopoids. Tox-
orhynchites larvae are helpful when combined
with species of cyclopoids that are not strong
enough predators to eliminate all the mosquito
larvae by themselves.

Toxorhynchites also accelerate the elimina-
tion of larvae by highly effective cyclopoid spe-
cies. For example, 6-8 weeks after Macrocyclops
albidus introduction there were fewer larvae and
pupae in tires that also contained Tx. rutilus
(Table 6), even though Macrocyclops albidus

eventually caused the disappearance of all larvae
regardless of Toxorhynchites.

Our information is limited on the survival of
cyclopoids in tires for periods longer than this
study (Marten 1990b), but there is reason for
optimism. Nearly all the tires to which Macro-
cyclops albidus and Mesocyclops longisetus were
successfully introduced in the field trials still
had populations 3 months later (Table 4). More-
over, there are natural Macrocyclops albidus pop-
ulations in New Orleans that appear to have
been in tires for years, even though some of the
tires dry out from time to time (Marten 1989).

However, survival of all species was poor at
the fourth field location, where there was no
vegetation around the tires, the food supply in
the tires was poor, and the tires were fully ex-
posed to the sun. Water temperatures sometimes
reached 40°C, the highest temperature that
many cyclopoid species can tolerate (G. G. Mar-
ten, unpublished data). The fourth site was also
poor for mosquito production; although mos-
quito larvae were numerous, pupae were seldom
observed. In general, it appears that any tire
with enough food to support significant mos-
quito production has enough food to sustain a
cyclopoid population.

Judging from their performance in this study,
Macrocyclops albidus and Mesocyclops longisetus
merit serious consideration for operational use
to control Aedes larvae in tires. Macrocyclops
albidus and some species of Mesocyclops could
also prove useful for a variety of mosquito breed-
ing habitats in addition to tires. A particularly
promising prospect is water storage containers
in the tropics that are breeding Ae. aegypti where
dengue fever is a problem. There is also evidence
that natural populations of cyclopoids eliminate
Aedes and Anopheles larvae from ground water
habitats (Marten et al. 1989, Marten 1990c¢).
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