Field Evaluation of Mesocyclops longisetus (Copepoda: Cyclopoidea)
for the Control of Larval Aedes aegypti (Diptera Culicidae) in
Northeastern Mexico
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ABSTRACT  Field trinds of the preduciows copepod Mesocyclops Lengiseta Thiubaved were con
ducted in northenstorn Mesico to determine the effectivencss of this species to control larval Aedes
iyt (L) populitions and to survive and reproduce in nadure. Groups of 200, 50, ared 50 ovigerous
M. tomepisitres females were inoculated into 200-Hter metal droms, discardod tires, and cometory lower
viwsess, respectively, which are 3 of the more important Aedes breeding sites in this area, Larvae were
suerpled of 15-d intervals, and total surviving evelops wore collected at the end of the study, 120 i
later, Gommuntty participation was solicited through a simple training program on copepad reseue
before deam cleaning wid facllitated by the addition of a drum marker to remind residents of copepod
presonce, Results showed good cooperation and after 4 mo all pendomestic drums still supported
variable numbers of cyelopoids, Avernge of larvae reduction was 37 5% for drums, 67.5% for Qower
vases, and 40.9% for tires. This study shows difficulties of wsing ovelopoids for tires and vases in aroeas
where profonged diy seasons dessicated these habitats and reduced copepod survival
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DenGUE FEVER 15 8 serions public health problem in
Mexico and most Latin American countries where
Avdes wegpppti (L)) is recognized as the primary vector
{Monath 1994}, The association of vector and human
densities is an imporiant risk factor in dengue epide-
miology { Rodrigues-Figueroaet al 1985). Breeding of
Ae. aegypti is facilitated in urban and raral areas by
availabilily of artificial sources, such as discarded tires,
tin cans, and plastic and glass bottles. The lack of
piped-water forces pecple to store water in domestic
containers such as cisterns, wash basins {pilas), and
metal drums, which may become permanent vector
breeding sites, Traditional Aedes control measires rely
strongly on source reduction through eommunity par-
Heipation or chemical larvicides such as Temephos.
Predacions copepods are a promising alternate
method 1o control larval A, seoypti populations under
purticular field situations. Laboratory evaluations of
evelopoid species have demonsteated high predation
rales for Ae aggypti larvae (Kay et al 1992}, Field
releases have been successful, although limited to
mosquilo species thriving in land crab burrows in
French Polynesia {Lardeux et al 1892) and Aedes
elhopictus (Skuse) in tive piles in Louisiana ( Marten
19800, 1), The success of copepods to control Ae
aegypti in most Latin Amercan villages has been ham-
pered by patterns of human behavior and specific
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chararteristios of peridomestic artificial containers. To
date, the most sueccessful experience overcoming
these problems was reported by Marten ef al. [ 1994)
in El Progreso, Hondurs, These authors reported =30
wk survivorship of Mesoapelops longisetrs Thiebaud
released into 200-liter drums. Success was tacilitated
by participation of housewives. When drums were
cleaned, these women used a net to collect cnpepﬂds
and return them to the eleaned drums. However, after
4-5 mo the housewives became tired of this process
and ended their participation: Clearly, as noticed in
Marten's study, when cvelopoids are released in arti-
ficial breeding sites around houses, community par-
ticipation remains paramount to success.

As a part of the Integrated Dengue Control Project
in Mexica, Monterroy was selected to evaluate the
field effectiveness of copepods Lo reduce Ae. gegypii
larval populations. Since ity reappearence in Mexico
after 19749, dengue has remained endemie in Monter-
roy, and in 1895, 167 dengue hemorragic cases were
reported {Gomez-Dantes et al, 1998), The aim of the
current study was to evaluate M. longisetus effective-
ness in reducing Ae. aegypti larval densities in 3 breed-
ing habitats (peridomestic 200-liter water drums, dis-
carded tires, and cemetery vases), determine the
persistonce of reduction of Ae. aggypti larval ond pu-
pae stuges by an established M. fongisetus population,
and to assess cvclopoid survival and population growth
rates in these habitats when helped by community
participation,
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Materials and Methods

Study Area: Located in the northeast of Mexico,
Monterrey lies within the municipality of San Nicolas
de los Garga in the Nuevo Leon Provinee (98" 177 E,
and 23" N}, Annual rainfall averages 6800 mm, with a
menn lemperalure of 258°C This city of 4-million res-
idents 15 characterized by semidry climate and con
trasty with the tropical El Progreso, Honduras, site
studied by Marten el al, (1994), Vegelation in this pan
of the stale comprises bushes, cacti, and small 1o me.
dinn height trees {(Secretarla de Programacion v Pre.
supuesto 19810 A group of dwellings in the “bardo” or
“eolonin” "E] Mirador™ was selected as the study site,
Piped-water is not availabile and the residents store
wiler for domestic use in 200-liter metal droms, The
Stule Vector Contral Program found this container (o
Lie i stable ovipogition site for Ae. segypti. Hooses are
built of ecement with wooden walls, and most bock-
yards huve secondary larval sites such as discardied
tires and plastic und gles bottles,

Treatment of 200 Liter Drums with Capepods. To
maminin miereorganisms and algac naturally pro-
duced in drums and o aveid hampering the daily
waler needs of the residents, a new dram was offoresd
to each dweller who ugreed to participate in the trial,
Depending on the expenimental dedge, some resi-
dents were permitted to use the water from the new
drum, whereas others were ashed not Lo use it Treated
and untreated drums were initially free of Ae aegypti
larvae and randomly selected. In total, 64 peddomestic
drums owned by ~40 furnilies were used in field trals,
with copepod treatment arranged in the following
scheme: (1) 36 drums were treated with 200 ovigerous
females of M. longisetur. People were allowed to use
water routinely, but housewives in this group were
instructed on several simple measures Lo preserve ey-
clopoids at the ime of drum washing {ie. to leave =
small amount of water in the drams or to transfer water
with copepods to a bucket during cleaning and then
return the copepods Lo the drums after eleaning). To
remind housewives about copepods. a Huorescent-
painted and cement-filled beer can was placed in the
drum. {2} Eighteen drums each were treated with 200
ovigerous: females of M. longiseins, bul housewives
were requested not to use the water. Ability of evelo-
poids to survive and their population growth rates
under local conditions provided by the meta! drsms
were evaluated, as well as their ability to control Ae.
aegypti. {3) Ten drums were no treated with copepods
and were exposed to cleaning and water management;
they represented the larval Aeder population naturally
found in El Mirador. (4) Ten drums were untreated
anehnot nsed forwater by residents and thereby served
as w eontrol for drums with evelopoids, but with an
unelisturbed agnatic environment,

Discarded Tires and Cemoetery Flower Vases, A
group of 28 vsed Hres were placed vertieally in the
shade al 24 houses. Water was added 1 wk before
lreadment (o produce microorganisms and algae, AF-
terwird, B0 ovigerous females of M. longisetar were
introduced into each of 18 tires: 10 Hres were un-
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treated us controls, Towvedd prodation of evlops b Ged
el Ath Avdes instars, only lorvne-negitive tres and
vises wore wsed (Marten 1990} A city cometery lo-
vated close to Bl Mirador provided Bower vases to
evaluate predatory effectivencss and survival of ey-
clopoids. A week before treatment, Hower vases wore
filled with water, and nearly 109 of the volume of each
v wits Blled with dry and fresh gruss For protosoan and
bacteria production, Most vases were sude of marble or
cement having a capaeity of -8 liters, Forty -five lower
vases in the shadow of graoves were each fnoealated with
5 eviperous M Lmgiartuy females, whereas 25 remaimed
untreated. Only vases withoul Ae aegptl v wore
wsedd in this trinl, wherens seloction of trees and voses
woild was made by random numbers.

Larval and Copepod Sampling. Fortnightly during
May-August 1994, mosguito luvae were sampled and
recorded in treated and untreated containers, Plank-
tan nets (03 and 00 moin dinmeters; mesh, 200 wm)
were wied 1o collect Aedes larvae; eopepods were
retwned to the containers, Nets were dipped with eir-
cular movements from bottom to top. Approsimately
altempls were mude for dosms, and 15 for bires and
lower vases. At the end of the study, all contuiners were
sampled thoroughly for cvelopoids. All copepods were
preserved in T0% ethano] for later counting

Data Analysis. Effectivenass of larval control by M.
lemipisetus was defined as the percentage of reduction
of untreated minus reated containers positive for al
least |individual Ae eeggti larva, Percent reduction
formula was computed ay | {% untreated containgr
with larvae) — (% treated container with loevae) | +
(% untreated containers with larvae) % 100, Copepod
control of each larval instar wis compared by tests on
arcsine-transformed data from treated sgainst un-
treated containers (Zar 1984), Cyelopoid survival and
population growth rates were assessed by the number
of weeks they were still present in containers and by
mean numbers of copepods per bype of larval habitat
at the end of the stucy.

Results

Field Effectiveness of Larval Control. Overall, the
community was Teceptive to copepods introduction
into their peridomestic water drums during our 120-d
study perod. Cyelopoid eare procodures wore fol-
lowed during =80% of the study, and the drm bottom
indicator remained to remind oecupants not to wash
away the copepods. This was shown by the presence
of at least 1individual M. longizetus in all treated drums
at the end of the study. Nevertheless, a few partici-
pants tred of the copepod reseue procedure during
the last weeks of the study.

Drums with Regular Water Use Overall, the pere-
centage of treated drums positive for Ar. asgypti was
reduced 37.5% (Table 1), The percentage of positive
drums with copepods was less than those withoul
evelopaids (t = 3,37, dF = 7, P = (0105), The greatest
percentige of reduction (65 3%) was recordod 105-d
postrelease, whereas the loast (7.7%) was found on
day 75 Control drums with water in use showed con.
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Drinns without Water Use. Overall, an avernge of
30.9% reduction in the number of these drums positive
for Ae aegypti larvae was obtained over the 120 d in
the field (Table 2), Nevertheless, the percentage dg-
uificant positive was reduced by compared with un.
treated drums (f = 4.75, df = T, P < 0.05) . The greatest
percentage of reduction was 62.9% recorded 30-d after
treatment, whereas the least was 4.7% of reduction
15 d after release, As expected, untreated and undis-
turbied water resalted in mosquito-positive dnoms av-
ersging 75.7% mean over the 120-d period (Table 23

Discarded Tives mred Cemetery Flower Vases, Scarce
rainfall and high evaporation rates foreed us to refill
these larval habitats every 10 d. Over 105 d of M
longisetus release, amean of 40.9% larval reduction was
obtained in discarded Hres scattered in backvards {Ta-
ble 3). The greatest larvae percentage of reduction
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(B0S%) was found on day 105 alter treatment,
whereas the least (7.0%) was recorded after 1 mo.
Untreated tires were shown Lo be an excellenl Ae
aegpli hreeding habitut, and an average of 75.7% were
positive over the 105-d study perod. Larval positive
Hriss were consistently recorded s high as 100% on
dav 105, and as low as 50% during day 30 after releaso
[ Table 3). However, fewer treated Hres were positive
for Ae aemypti larvae than were those withoul cope-
pods (t = 446, df = 6, P < 0.05),

The best results of M. longisetus controlling Ae, ae-
zypti larval populations were recorded in cemetery
fower vases, Owverall. there was a 7.5% reduction in
the numbers of vases positive for Ae aggypti over the
1054 study period (Table 31, Reduetion increased
from day 13 after inoculation {10.8%) to days 73
(96.0%) and 90 (92.6%) (Table 3). The number of
treated vases without larvae was statistically lower
thian that of untreated vases (1 = 346, df = 6, P <0.03).
This finding was remarkable when compared with the
trend of increasing larvae populations in untreated
vases from day 15 {24.0%) to day 105 (8406 ) (Table 3).

Instar-Specific Predatory Rates. Owverall, the mean
mumber of total larvae per instar was statistically lower
in all types of treated containers than in untreated
controls (Table 4], Cyelopoids significantly reduced
total mean larval densities in droms with and withonl
water management (¢ = 334, df = 7, P < 0,05}, Sim-
ilarly, mean density tates were sipnificantly lower for
troated tives and cemotery vases comparcd with those
without M. longisetus (¢ = 6,85, df = 6, P < 0.05), Pupal
densities were lower for all but dmims used by rosi
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dents (8= LA7, dl = 7,P > 0.05). Although predation
by eyelopoids on older instars s infrequent, o signif-
ieant reduction of the 4th instars wis oltained for cach
ol 3 birceding habituts, Similar significant results were
obtained for meun densities of 3rd, 2nd, and 15t instars,
except for 3rd and 15t instirs in burrels with water use
w18t instars in Hower vases,

Survival and Population Growth Rates. M lonjmise-
fus survived over the 105 and 120-d of the study pe
riely dn each of 3 different container tvpes. Success of
resident participation was also demonstrated by the
presence of evelopoids in droms that were used for
domestic water and rontinely cleaped. Clearly, such
suecess was linked to our education program on how
to take care of the copepods. Likewise, the ability of
M. longisetus 1o survive in the physical and cherical
conditions of the metal drum environment was doe-
umnented for those drums without water management
Survival rates were smilurly excellent in Hres and
Aower vasesin the city cemetery, although low rinfall
foreed us to refill the containers every 2 wh

Population growth rates of copepods were variahle
(Table 5). For instance, we released 200 ovigerous
females in both groups of drums at the beginning.
After 120d. 4 mean of 53.2 — 53.4 copepods per drum
of assorted ages was found, with a range of 2244
individuals (Table 5]. Releasing the same starting
number in inactive drums, & greater mean of 1793 =
2402 copepods per drum was obtained, with a range
of 10758 individuals, An initial ameunt of 50 females
were inoculated inte each disearded tire, and a mean
of 120 + 50.4 was obtained with a range of 1-394. The
best results for M longisetus growth rates were pro-

dueed after releasing 50 Female copepods into lower
vases: i mean of 4509 = 6225 copepods with u runge
of 6-4097 (Table 5)

Dyiscussion

If the commumty is properly motivated and in-
structed, eopepads may survive and reproduce in do-
mestic end peridomestic witer storage containers, In
our study, house residents were able to take eare of
cyclopoids released into their 200-liter drums for our
120-d study period. We provided simple directions
regarding drum cleaning and placed an empty beer
can in the drum as a reminder not to discard the
eopepad population. Conversely, failures with cope-
pods inoculated into peridomestic drums occarred
when community residents were not instructed and
motivated (Jenning at al 1993}, These authors found
that only 7.5% of the drums remained positive for the
evelopotd Mesarplops guangyiensis Riviere & Thirel 1
mo after inoeulation in Lao People's Democratic Re-
public. They argued that container cleaning in accor:
dance with larval Asdes control policies prohihited cope-
pod persistence in this country; Similarly, drum cleaning
was the cause for Mesocylops aspericornis Daday loss on
Anguiila island (Swares 1892, In contrast, Marten ot al,
(1834} reported up to 27 wh af survival of M. lengisetus
in peridomestic drums in Bl Progreso, Honduras, be-
cause copepods were rescued before eleaning drums and
because drims wore not the main water starage vessel
and were washed infrequently,

Reduetion of the number of containers positive for
Ae. asgymti was varfable for all container types, Over-

Table 5. Mean mumbers of M, longeius in different de, sepypt breeding haldiats i the end of the wividy

Ending copepel no,

Breeding haldat Slari "
repding halita " ing, copepnd no m e i P 1
Dhntins, wader s £l 200 333 =554 B 344 120
Errvims, water unused 14 200 1ma =" ) [ 759 120
Tiren 18 1] 1204 = .4 | LR i
Flrvwnt vases &5 50 4500 + 6228 i 4067 105

“Uvdgerous M. Tongtactas females
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all, o medest reduction of =40% was achieved for
active and innetive drums and discarded tires, The best
yeduetion, of 67 5% was in lower vises. Other feld
trials redensing several copepod species showed vari-
absle results, randng from cyelopoids being eliminated
iy ehrurn eleaning | Rodrigoes 992, Suares 1992, Jenning
et al 1995) o =00% lurval Acdies reduction in dnuns
thromeh hoise-dweller participation in [ Marten 1994)

Thie Latter results were produoced under different
cealomical settings and were linked to a richer nutnent
ermvironments thn is diseassed below . Nevertheless,
i o stody, mean density of all A aegupti larvie was
sipnificantly lower in tremted versus untreated con
Lo rs: |'|'||:]u|:'t|1:|'r1 ralios Wi :.:'.'..-:I'-, ﬁ & T:\. Illlli 4.5
{inled o netive arsed inactivie druins, tires, und lower vises,
rempectively. Large Srd and th instars which, nccornding
ler Murten (1994} may represent actual predation effe
Hveness by copepods, were significuntly lower in most
trested habitss, These dita indicate thid larval reduetion
rales iy be inereased if more evelopoids were released
al the begginning of the intervention

Despite successful  community  participation in
copepod programs, suceessful reproduction of inttial
copepod numbers inoeulated into larval habitats re
miains a key point 1o control larval Aedes densities. As
dooumented in this study, M. longisetis was not able to
thrive in high numbers in mest of the containers, even
in drums where the water was left undisturbed. Al-
though 200 avigerous lemales were released inopen-
domeste potive and mactive dmms, only 332 = 524
and 1793 = 240.4 individuals were found 4 mo later,
respectively, We felt that lack of protozoa and algae in
this environment ws @ supplementary diet for M. longi-
sty affected population growth rates. Although or-
anic matler was not analyzed, the scarceness of trees
and general vemetation in this dry, semidesert region
in northeastern Mexico was associsted with poor nu-
trént content, Trials for food requirements have dem:
onstrated the importance of this factor in the Lao
Democratic Republic (Jenning et al 19495}, Clearly, an
additional limiting variahle to copepod releases as an
Ar. gegypti conlrol strategy in areas such as Montermey
city is the prolonged dry season. As scen i this study,
tires and Oower vases had to be refilled almost every
9wl over the 4-mo period. Even though mechanisms
of copepod resistance to dessication have been re-
ported (Zhen et al 1994), particularly iF wet mud
remains at the larval site hottoin, we really do not
know if such a surviving strategy would suffice with
the hizh duily evaporation rates present in this part of
Mexico, Therefore, copepod effectiveness oo tires and
vases has Lo be interpreted with this seenario in mind,

Finally, we conclude that sustainable community-
hased vector control programs may result in some
degree of success, when copepod populations are re-
leased i the field to reduce larval populations of Ae
aegypti in northesstern Mexico, Additional ecological
factors have to be mel to schieve control if this
strategy is decided for including,: o feh nutrient an-
vironment provided by breeding sites, a high copepod
inoeulation Tate, and a regional rainfall pattern pre-
venling dessteution of temporary larval sites
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