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A comparison of a new centrifuge sugar flotation technique
with the agar method for the extraction of immature Culicoides
(Diptera: Ceratopogonidae) life stages from salt marsh soils!
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n ¢AoTaIMM B PACTBOpPE caxapa C arapoBbIM METOAOM
AAsL yuéra npeumarnHaabHbix craamnin Culicoides
(Diptera: Ceratopogonidae) M3 rpyHTOB COAEHBIX Mapiuier
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ABSTRACT. Two sampling techniques, agar ex-
traction (AE) and centrifuge sugar flotation extraction
(CSFE), were compared to determine their relative
efficacy to recover immature stages of Culicoides from
salt marsh substrates. Three types of samples (seeded
with known numbers of larvae, homogenized field
samples with approximately equal numbers of imma-
tures, and regular field samples with an unknown num-
ber of immatures) were evaluated. Two substrate sam-
ple sizes were used (100 ml and 1000 ml). Agar extrac-
tion was used with both sample sizes, but CSFE was
only used with the 100 ml size. The seeded samples
were inoculated with 3rd—4th instar larvae at 5 levels
(0, 25, 50, 100 and 200 larvae / sample). Mean percent
recovery was similar at all inoculation rates within each
extraction technique, but the CSFE recovered 95.7%
compared to 35.3% for AE1000 and 16.7% for AE100.
For the homogenized samples, on a per sample basis,
the AE1000 method recovered about twice more imma-
tures than the CSFE, but on a mean number of imma-
tures recovered per ml basis, CSFE recovered 5.2 times
more than AE1000. Similarly, for the regular field
samples, on a per sample basis the AE1000 method
recovered ca. 1.5 times more immature stages than
samples processed by CSFE, but on the immatures per
ml of substrate basis the CSFE method recovered ca.
6.6 times more than AE1000. Overall, on a per ml basis
the AE100 and AE1000 recovered an approximately
equal number of immatures. The CSFE technique proved
to be advantageous because greater numbers of imma-
tures were collected with less substrate. As a result, this
technique allowed more samples to be taken over a
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larger area with less effort. Also larvae were recovered
from the samples in hours instead of days. Thus, more
information on the spatial dynamics of Culicoides im-
mature populations may be obtained in less time using
the CSFE technique. A major disadvantage of this
method is that a fairly expensive centrifuge is required
for processing samples.

PE3IOME. IlpoBeneHo cpaBHEHHE TBYX METOJOB
yuéra npenMaruHanbHbIX ctaauii Culicoides — skcT-
pakuuu ¢ nomomrsio arapa (AE) u metona nentpudy-
rupoBanus U (uoranuu B pactBope caxapa (CSFE).
CpaBHEHHE MPOBOAMIOCH C LENBIO OIEHKH CPaBHH-
TeNbHOU 3(p(PEeKTUBHOCTH ITHX METOJOB IS M3BIICUE-
HUS peuMaruHabHbIX craguit Culicoides w3 cyoctpa-
TOB COJIEHBIX Mapieii. s paboThl ObUIN UCTIONB30BA-
Hbl 3 THna npod: (1) ounmennsie ot Culicoides cy6-
CTparThl, B KOTOPBIE 3aTeM OBIIIO OMENIEHO TOYHO H3-
BeCTHOE 4mcio TnIuHOK 3—4-ro Bozpacra (0, 25, 50,
100 wim 200 Ha KaxIyto TIpoly); (2) TOMOTEHU3HUPO-
BaHHBIE MPOOBI, coepIKalie MPUOIH3UTENBFHO PaB-
HOE YHCJIO JIMYMHOK M KYKOJIOK; (3) OOBIYHEIE MTPOOEL,
coOpaHHBIE B IPUPOJE U COJIEpIKAIINE PA3IMIHOE He-
YCTaHOBJIEHHOE YHCIIO JIMYMHOK M KyKosok. Kpome
TOTO, HCIIOJIE30BANKCEH 2 THIIA MPOoO 1Mo 00BEMY CyO-
ctpata (100 ma u 1000 mir). DKCTpaKuMs arapoM Mpu-
MeHsUIach Uil 00paboTKH Mpod 00OMX pa3sMEepHBIX
rpymm, a Metox CSFE — nms aust npo6 o6sémom 100
M. J{nst mpo0, comepikalux TOYHO M3BECTHOE YHCIO
JUYUHOK, CPEAHAA OIS 0coOel, 3KCTparupyeMbIx ¢
HCTIOJIB30BaHNEM Ka)kKJOTO METOJa, HE 3aBHCENa OT
001ero yuciaa JUYMHOK B mpode. [Ipu 3ToM meron
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CSFE no3Bomui yuects 95,7% oT 00I11ero Yrcia JInIu-
HOK, a MeTog AE — nums 35,3% u 16,7% ocobeit u3
mpo6 o6pémom 1000 u 100 M1, coorBeTcTBeHHO. st
roMoreHu3npoBaHHbIX Tpod Metonq AE1000 mo3soss-
€T y4ecTh BJBOE Ooublee 4nciIo ocodeil u3 mpooHl,
gem MeTog CSFE100, HOo B pacuéTe Ha eMHUILY 00be-
Ma 1poObl 3¢ GEeKTHBHOCTH BTOPOTO MeToa B 5,2 pa3
BBIIIE. AHAJIOTHYHO 3TOMY, JUIsl OOBIYHBIX TPOO METO
AE1000 mo3BomseT ydecTb B MONTOpa pas3a OoibIe
JUYUHOK U3 Kax 1o mpoosl, ueM metorq CSFE100, Ho B
pacuére Ha equHUIYy 00BEMa BTOpO MeTo B 6,6 pa3
a¢dexTrBHEE.

B pacuére Ha exuHHMIy 00BEMa cyOcTpara, METOX
AE mno3BossieT yuecTb IpUMEPHO PaBHOE YHCIIO JTHYH-
HOK, BHE 3aBHCHMOCTH OT 00B&Ma mpoOsr (100 mmm
1000 mi). Metox CSFE 6onee 3¢ dexTHBeH, TOCKOIb-
Ky MO3BOJISIET Y4€CThb OOJIbIIEE YUCIIO IMYMHOK U3 MEHb-
mero o0béMa cyOcTpara. DTOT METO] MO3BOJISET C
MEHBUIMMH YCHIIMSIMH cOOpaTh OoJIbIIee YHCIIo Npod ¢
OoJIbIIIEH TEPPUTOPHHM, & TAaKKe HM3BICYb JUUYUHOK B
TeUeHHE HECKOIBbKHX YacoB, a HE AHEH, U, TAaKKIM 00pa-
30M, IOJYYHTH OoJiee NeTanbHy0 HH()OPMAIHIO O I10-
MyJISIIUSIX MOKPEIOB B OoJiee KopoTkue cpoku. OCHOB-
Hol HepocTatok Metoga CSFE cocTouT B TOM, UTO 1151
00paboTku mpobd HEoOXOAMMA TOPOTOCTOSIIAS ICHT-

pudyra.
Introduction

Biting midges of the genus Culicoides Latreille,
1809 are pests of man in coastal areas throughout the
World because of their annoying attacks and high num-
bers. These attacks can make outdoor activities impos-
sible in some areas [Blanton & Wirth, 1979]. The bites
of Culicoides often may result in secondary infection
(cellulitis) in sensitive individuals. Complaints and de-
mands for control of these biting midges have increased
with man’s encroachment into areas adjacent to coastal
salt marshes. Despite this considerable nuisance prob-
lem and the adverse effect that their presence has had on
the quality of life, tourism, and land development in
coastal areas of Florida, USA, and in many other areas
[Linley & Davies, 1971], relatively few studies have
been done on basic biology and ecology of Culicoides
in most geographic areas. Thus, there is only limited
knowledge from which to develop a rational pest man-
agement strategy.

While ecological studies on the populations of adult
Culicoides are not numerous compared with other blood-
sucking arthropods, such as mosquitoes and ticks, stud-
ies on their immature stages are even rarer. Part of the
reason for this is that the immature stages of Culicoides
occur in the substrate of semiaquatic habitats such as
coastal salt marshes and mangrove swamps. As a rule,
the presence of Culicoides immatures cannot be visibly
observed, and their sampling is difficult.

Historically, larvae of biting midges have been
recovered from salt marsh substrate samples by the
following methods: (1) sieve-flotation [Kettle & Law-

son, 1952; Wirth, 1952; Kettle et al., 1956; Jamnback,
1965; etc.]; (2) sand flotation [Bidlingmayer, 1957;
Williams, 1960]; (3) direct flotation [Linley & Kettle,
1964; Linley & Adams, 1972]; and (4) Berlese funnels
[Jamnback & Wirth, 1963; Jamnback, 1965]. Kline et
al. [1975] found that all of these methods were te-
dious, time-consuming, and had various other disad-
vantages.

Sand flotation has been the most commonly used
method, but is messy, and extracted larvae are often
physically damaged and unfit for use in rearing, insec-
ticide, or pathogen studies. Therefore, Kline et al.
[1981] developed an agar extraction method (AE),
which resulted in the recovery of undamaged larvae.
While the AE method has been an improvement over
other techniques, it requires at least 48 hours to obtain
a number of larvae similar to that by sand flotation.
For studies aimed at developing an integrated pest
management program this time requirement can be a
disadvantage. Another potential disadvantage of the
AE method for developing such a program is that until
now the AE’s ability to quantify accurately the larvae
in various habitats has not been tested. Although the
information obtained by the AE method has been
useful in establishing the relative abundance between
sampling sites, absolute numbers need to be deter-
mined. In order to overcome these disadvantages a
new method was developed known as the centrifuge
sugar flotation extraction (CSFE) method. This paper
reports the results of a study, in which the AE and
CSFE methods were compared in terms of their speed
and accuracy in recovering the immature stages of
Culicoides from simulated and actual field samples
obtained from salt marsh habitats with sand and mud
substrates.

Material and methods

Immature stages of Culicoides: The field-collect-
ed larvae of Culicoides were obtained from salt marsh
areas at Yankeetown, Florida, known to produce al-
most exclusively large numbers of Culicoides missis-
sippiensis Hoffman, 1926 larvae during winter (De-
cember through March) and early spring (April) [Wood
& Kline, 1989]. Larvae of C. mississippiensis are about
1 mm long, transparent when newly hatched, and grow
through 4 instars to reach a length of 67 mm when
mature [Kline, personal observations]. First and second
instar larvae (< 3 mm) can be separated from third and
fourth instar (>3 mm) ones.

Extraction techniques: Two extraction techniques
were compared to remove the Culicoides immature
stages from three categories of substrate samples. The
extraction techniques are described as follows:

Agar extraction (AE). This technique is described in
detail by Kline et al. [1981]. A 2% (weight / volume)
non-nutrient agar solution was autoclaved for 15 min at
apressure of 15 pounds per square inch, allowed to cool
to ca. 47°C, and then 300 ml of the solution poured on
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top of standard substrate samples (1000 ml of substrate)
that previously had been placed into 2-litre plastic
containers (16 cm diameter X 11 cm deep). This result-
edin a ca. 1 cm thick agar layer on top of each sample.
After the agar gelled, container lids were replaced.
After 48 hours, 200 ml of filtered estuarine water was
poured onto each agar surface, swirled back and forth
several times, and then decanted into a black photo-
graphic tray. Immature stages were removed with a
pipette and counted. After removal of all visible larvae
and pupae, the 200 ml of estuarine water was again
poured into the container and the process repeated until
3 consecutive negatives were achieved. Even though
all immatures were removed from the agar surface,
some larvae remained embedded in the agar layer.
These were removed with a dissecting needle with a
slight bend at the distal end (i.e., probed from agar).
While the standard size for comparing the extraction
techniques was a 1000 ml, additional comparisons were
made using 100 ml samples in 250 ml glass beakers
painted black on the outside.

Centrifuge sugar flotation extraction (CSFE). Sam-
ples consisted of 100 ml of substrate. Each sample was
washed through a kitchen colander (15 cm diameter,
16 x18 mesh [6.3 x 7.1 wires/cm]) with a water hose
into a 2.3 litre plastic pitcher (model #3062; Rubber-
maid, Fairlawn, Ohio, USA). Care was taken to wash
all of the substrate from the sample container in order
to ensure collection of all specimens. The pitcher
contents were then poured through a U.S. Standard
Testing sieve with 150 um openings (100 mesh) (W.S.
Tyler, Inc., Mentor, Ohio, USA) and rinsed with a
steady stream of water from a hose until most of the
mud/sand was washed through the sieve. Sieve con-
tents (residue) from each sample were concentrated
and rinsed with as little water as possible into a 250 ml
plastic centrifuge tube. One hundred ml of saturated
sugar solution was added to the tube and the mixture
vigorously shaken. Then additional saturated sugar
solution was added until the centrifuge tube was full.
Tube contents were again vigorously shaken and then
placed into a centrifuge (model Centra-4B; Interna-
tional Equipment Co., Needham, Massachusetts, USA)
and spun at 2200 revolutions per minute for 3 minutes.
This model was capable of processing 4 x 250 ml
samples at the same time. The resultant supernatant
was poured through a 100 mesh screen and the residue
pellet discarded. Screen contents were gently rinsed
with a water hose either into a 100 ml Quorpak™ jar
(All-Pak, Bridgeville, Pennsylvania, USA) or a black
photographic tray where the immature stages were
removed with a pipette and counted. If the samples
could not be processed within 48 hours the contents
were placed in the jar and a preservative, such as 70—
80% ethanol was added.

Categories of substrate samples: The three types
of samples processed were classified as follows: seeded
samples, homogenized samples, and regular field-col-
lected samples. All substrate samples used in this study
were collected from mid-March to mid-April.

Seeded samples. These samples consisted of re-
constituted salt marsh substrate seeded with different
levels of field-collected larvae. Salt marsh substrate
was brought back to the laboratory, air-dried and then
sieved through a screen with 850 um openings (20
mesh) to remove plant roots and other large debris. The
air-dried sieved substrate was then placed on trays and
heated at 43.1°C in an oven for 2 hours to ensure that no
viable Culicoides eggs or immature stages remained.
The substrate was then cooled to room temperature.
Distilled water was added to reconstitute the substrate
to its pre-dried consistency. This reconstituted sub-
strate was then used to perform a set of experiments in
which the samples contained a known number of lar-
vae. Samples to be processed by the AE technique were
prepared by partitioning out either 100 ml or 1000 ml of
reconstituted substrate into 2-litre plastic containers
(16 cm diameter x 11 cm deep). The CSFE samples
were prepared by partitioning out 100 ml of reconstitut-
ed substrate into 2-litre containers.

Field-collected larvae (late 3rd — early 4th instars) at
five inoculation levels (0, 25, 50, 100 and 200) were
placed into randomly selected containers. Larvae were
extracted from the substrate by AE [Kline et al., 1981]
and separated according to size. First and second instar
larvae (< 3 mm) were separated from third and fourth
instar (>3 mm) ones. Only third and fourth instar larvae
were used in the seeded experiments.

For the main comparisons, six containers were set up
at each inoculation level and substrate amount, except
the 200 inoculation level, which had three replicates.
Containers with 1000 ml of substrate were processed by
AE, and the 100 ml containers were processed by CSFE.

As a side study, five 100 ml reconstituted samples
with three replicates of 50 larvae per sample and two
control replicates of zero larvae per sample were placed
into 250 ml beakers to be processed using AE. These
were compared with a number of samples processed by
the AE1000 and CSFE methods.

Homogenized samples. Homogenized samples were
based on field-collected samples of substrate from the
salt marsh areas mentioned above. All samples were
obtained in the last two weeks of March when the
immature populations consist almost exclusively of
Culicoides mississippiensis [Wood & Kline, 1989].
Substrate up to a depth of ca. 3 cm was collected into
large plastic buckets (19 litres). Based on visual deter-
mination, samples were taken from areas that had
either a very sandy or silty mud substrate. In the
laboratory, the bucket contents were thoroughly mixed
(homogenized) by hand for several minutes using
rubber-gloved hands. The hypothesis was that ho-
mogenizing these field samples would evenly distrib-
ute the immature stages and produce samples with
approximately similar numbers of immatures. The
sand and mud samples were mixed in different con-
tainers and processed separately. After homogeniz-
ing, the contents were quickly and randomly parti-
tioned out into plastic containers (1000 ml per 16 cm
diameter X 11 cm deep cup) with lids, beakers (100 ml
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per 250 ml beaker), and glass jars (100 ml per 150 ml
jar) with lids.

Two variants of comparison were used. In the first,
10 samples with 1000 ml of sand substrate and 5
samples with 1000 ml of mud substrate in the plastic
containers were processed by AE, and 10 samples with
100 ml of sand substrate and 5 samples with 100 ml of
mud placed in the glass jars were processed by CSFE.
In the second variant, 5 replicate samples of sand
substrate were processed. The 1000 ml plastic cups and
100 ml beaker samples were processed using AE while
the 100 ml glass jar samples were processed by CSFE.

Regular field-collected samples. This group of sam-
ples refers to those which were processed as they came
directly from field locations mentioned above. Plastic
2-litre containers (16 cm diameter X 11 cm deep),
beakers (250 ml) and glass jars (150 ml) were used to
collect 1000 ml (ca. 300 cm?), 100 ml (ca. 30 cm?) and
100 ml (30 cm?), respectively, of salt marsh surface soil
(ca. 3 cm deep).

Two variants of comparison were used. In the first,
only the AE1000 and CSFE methods were compared.
Replicate samples were taken at 54 sample locations
with mud substrate and 10 locations with sand substrate
in close proximity (< 1 m?) of each other. In the second
variant, three replicate samples of each type were re-
trieved from 9 similar marsh locations with the repli-
cate number of each type again being collected in close
proximity of each other. The 1000 ml plastic cups and
100 ml beaker samples were processed using the AE
technique, and the 100 ml glass jar samples were pro-
cessed using the CSFE technique.

Statistical Analyses: Where appropriate, data were
subjected to analysis of variance (SAS Proc GLM) and
t-tests, and means were separated by Duncan’s Multi-
ple Range test [SAS Institute, 2003]. Percentage data
were transformed by arc sine of the square root of the
count data prior to analysis. Unless otherwise stated,
the alpha level of significance was 0.05.

Results

Seeded samples. Mean percent recovery was very
similar at all inoculation rates from the 100 ml substrate
samples processed by CSFE (Table 1). A similar trend
was obtained for 1000 ml samples processed by AE,
although the mean values varied over a wider range
(Table 1). However, mean recovery was about 2.7 times
as great for the CSFE method. The overall recovery rate
was 95.7% for the CSFE method compared with 35.3%
for the AE method. When the AE method was used to
recover 50 larvae previously inoculated into either a
1000 ml or a 100 ml substrate sample, the recovery rate
was about twice as great from the larger sample (Table
2). In this second set of experiments recovery rates for
the CSFE 100 ml and AE 1000 ml samples were similar
to those obtained in the first experiment (Table 1). In all
cases, the mean recovery rate between extraction meth-
ods was highly significantly different (p < 0.001).

Kline

Table 1. Mean percent (standard error value in paren-
theses) of 3rd and 4th instar larvae of Culicoides
recovered from salt marsh substrate seeded

at four levels, using agar extraction (AE) or
centrifuge-sugar flotation extraction (CSFE).

Tabanya 1. Cpepnsist aooast amunnok Culicoides 3-ro n 4-
ro Bo3pactoB (%; B CKOOKaX — CPEAHEKBAAPATUIHAS
oumbKa), M3BACYEHHBIX METOAOM arapoBOV IKCTPAKLMUM
(AE) nan metopom ygeHTpUdyrMposanus n GaoTaumumn B
pactope caxapa (CSFE) m3 cyberpatoB coaéHoro mapiia,
B KOTOpBIE GBIAO TIOMEIJEHO TOYHO M3BECTHOE IUCAO
AMYMHOK, oT 25 a0 200.

Seed Extraction method
level | " AE1000 CSFE100
25 6 38.0 (4.9) 97.3 (2.0)
50 6 28.7 (4.6) 96.7 (1.4)
100 6 442 (4.2) 93.6 (0.9)
200 3 25.3 (6.4) 95.3(2.2)
Total 21 353 (2.8) 95.9(0.8)

Homogenized samples. Substrate from field sam-
ples was visually classified as either predominantly
sand or mud. Results comparing the relative recovery
of immature stages by the AE1000 and CSFE100
methods were similar for the two substrate types (Ta-
ble 3). A comparison of raw means showed that 1.9
and 1.8 times more immature stages were obtained
from samples processed by the AE1000 method com-
pared to the CSFE method for sand and mud substrate
samples, respectively. These differences were statisti-
cally significant. When compared on the basis of
immatures recovered per ml of substrate processed,
5.2 and 5.6 times more immatures were obtained by
the CSFE method than the AE1000 method for sand
and mud substrate samples, respectively. These dif-
ferences were highly significant (p < 0.001).

In the special tests (Table 4) in which different
amounts of the same type of substrate were used
(standard 1000 ml versus 100 ml sample size), 16.6
and 124.0 immature stages per sample were recovered
for AE100 and AE1000, respectively. Based on total
immatures per sample, the AE1000 method recovered
very significantly (p < 0.001) more immatures than
both the CSFE (2.7 times) and AE100 (7.4 times)
methods. However, on a total of immatures recovered
per ml of substrate basis, the CSFE method caught
significantly more (3.7 times) than the AE1000 meth-
od. The CSFE method caught significantly more (2.8
times) than the AE100 method both ways.

Regular field-collected samples. Similar results were
obtained from the first set of regular field samples as
were obtained for the homogenized randomly collected
field samples (Table 5). A comparison of raw means
showed that 1.4 and 1.5 times more immature stages
were obtained for samples processed by the AE1000
method compared with the CSFE method for sand and
mud substrate samples, respectively. These differences
were significant (p = 0.02). However, the reverse was
true when sampling efficacy was determined based on
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Table 2. Mean percent (n=3; standard error value in pa-
rentheses) of 50 Culicoides 3rd and 4th instar larvae
seeded into either 100 or 1000 ml of substrate and re-
covered by agar extraction (AE100, AE1000) or

by centrifuge-sugar flotation extraction (CSFE100).
Tabanya 2. Cpeansist p0ast ot 50 amunnox Culicoides 3-ro
" 4-ro BospactoB (7%; n=3; B cKOOKax — CpesHe-
KkBapparmyHas oumbka), momeryeuusx B 100 man 1000
Ma cybeTpaTa M M3BACYEHHBIX OTTYAQA METOAOM arapOBOM
srerpakgnn (AE100, AE1000) man meroaom mLeHTpu-
dyrmposanmst n Gpaoragun B pacteope caxapa (CSFE100).

the total number of immatures recovered per ml of
substrate processed. The CSFE method recovered very
significantly (p < 0.001) more (6.9 times) immatures
per ml of substrate than the AE1000 method for both
sand and mud samples.

In the second set of field samples (Table 6), the
AE1000 method recovered 1.7 times more immatures
per sample than the CSFE method, but the difference
was not significant. Both the AE1000 (15.8 times) and
CSFE (9.5 times) methods caught significantly more
immatures than the AE100 method. On immatures per
ml of substrate basis, the CSFE method recovered
significantly more (6 times) immatures than the AE1000
method.

Extraction method
AE1000
34.8 (3.9)

CSFE100
95.3(0.8)

AE100
16.7 (7.1)

Table 3. Mean number (standard error value in parentheses) of immature stages of Culicoides recovered by agar
extraction (AE1000) or by centrifuge-sugar flotation extraction (CSFE100) from homogenized field samples col-
lected from two substrate types in salt marsh habitats at Yankeetown, Florida.

Tabanga 3. Cpepnee uncao npemmarntasbbix crapguii Culicoides (B ckobrax — cpepHeKBappaTuuHas ommbka),
MU3BACIEHHBIX U3 TOMOTEHU3UPOBAHHBIX NIPO6, KOTOpbIe 6biAM cOOPaHBI Ha ABYX TMIIAX CYGCTPATOB B IIpEAEAax
coA8HBIX Mapruent y I. Juxurayn, Paopupa.

Extraction Ist/2nd 3rd/4th Probed '
Substrate n . - Pupae Total
method instars instars from agar
Sand AE1000 10 13.0 (4.3) 51.0 (12.8) 0.0 (0.0) 12.4 (1.8) 76.4 (17.5)
CSFE100 10 5.3(1.2) 33.8(2.3) 0.2 (0.1) — 39.3 (2.9)
Mud AE1000 5 5.6 (0.9) 13.0 (2.7) 1.0 (0.6) 9.2(1.5) 28.8 (4.4)
CSFE100 5 5.8(0.7) 9.0 (2.0) 1.4 (0.5) — 162 (2.2)

' Late instar (3rd and 4th) larvae physically removed with a slightly bent dissecting needle from agar layer.
! JIN4MHKHA cTapuimx Bo3pacToB (3-ro u 4-10), H3BICYEHHbIE M3 CIIOS arapa ¢ MOMOIIBIO ClIerka H30THYTOM MPEemapoBaibHOM UIIIBL.

Table 4. Mean number (standard error value in parentheses) of immature stages of Culicoides recovered by agar ex-
traction (AE100, AE1000) or by centrifuge-sugar flotation extraction (CSFE100) from homogenized field samples
collected from sand substrate in salt marsh habitats at Yankeetown, Florida.

Tabanya 4. Cpeatee uncao mpemmarntassusix craamii Culicoides (B ckobrax — cpesHeKBappaTHdHas ommbka),
M3BAEYEHHBIX M3 TOMOTEHM3MPOBAHHBIX P0G, KOTOpBIe GBIAM COGPAHBI Ha NECYAHOM CYGCTpaTe B IIPEAEAAX COAEHBIX
mapiuert y 1. SJaxurays, Oaopuaa.

. . . Probed !
Extraction method n 1st/2nd instars 3rd/4th instars Pupae f Total
rom agar
AE100 5 34(1.2) 10.4 (2.5) 0.0 (0.0) 2.8(0.3) 16.6 (2.7)
AE1000 5 24.6 (3.9) 85.8 (9.5) 0.0 (0.0) 15.6 (2.4) 124.0 (13.3)
CSFE100 5 8.0 (1.3) 37.6 2.1) 0.4(0.2) — 46.0 (2.5)

Table 5. Mean number (standard error value in parentheses) of immature stages of Culicoides recovered by agar ex-
traction (AE1000) or by centrifuge-sugar flotation extraction (CSFE100) from regular field samples collected from
two substrate types in salt marsh habitats at Yankeetown, Florida.

Tabanga 5. Cpepnee uncao npemmarntasbbix cragnit Culicoides (B ckobrax — cpepHekBappatuunas ommbka),
M3BACUEHHBIX 13 OBBIMHBIX TTPOb, KOTOpHIe BbIAM cOBPAHBI Ha ABYX TMIAX CY6GCTPATOB B MPEAEAAX COAEHDBIX MapIIeil y
r. Slaxurayn, Oaopuaa.

Substrate Extraction N 1.st/2nd 3.rd/4th Pupac Probed ' Total
method instars instars [rom agar
Sand AE1000 10 19.9 (3.1) 101.1 (18.9) 0.2 (0.1) 27.7 (7.0) 148.9 (20.3)
CSFE100 10 12.7 2.1) 90.0 (18.7) 1.0 (0.4) — 103.7 (18.8)
Mud AE1000 54 13.6 (2.7) 30.9 (4.6) 12.4 (2.0) 0.5(0.2) 57.4 (8.0)
CSFE100 54 10.1 (1.5) 26.1 (2.7) 3.1(0.8) — 393 4.2)

! See footnote to Table 2.
! Cm. cHocky k Tabuuue 2.
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Table 6. Mean number (standard error value in parentheses) of immature stages of Culicoides recovered by agar ex-
traction (AE100, AE1000) or by centrifuge-sugar flotation extraction (CSFE100) from regular field samples collect-
ed from sand substrate in salt marsh habitats at Yankeetown, Florida.

Tabanga 6. Cpeatee umcao mpenmarmHasbubrx craamii Culicoides (B ckobkax — cpeAHEKBaApaTUIHAsT OIMOKA), M3BACIEHHBIX
73 OOBIMHBIX ITPOD, KOTOpBIe ObIAM COOPAHBI Ha IeCIaHOM CYOCTpaTe B IIPeACAdX COAEHBIX Mapieri y I. Suxkurayn, Qaopmaa.

. . . Probed '
Extraction method n 1st/2nd instars 3rd/4th instars Pupae Total
from agar
AE100 9 3.0(1.4) 1.4 (0.7) 0.3 (0.3) 0.0 (0.0) 4.8 (2.1)

AE1000 9 12.0 (3.9) 45.8 (14.5) 0.1(0.1) 17.8 (5.3) 75.8 (16.4)

CSFE100 9 8.2(1.5) 35.0(7.4) 2.6 (0.8) — 45.8 (8.5)
! See footnote to Table 2.
' Cm. cHocky k Tabuuue 2.

Discussion References

Based upon these limited observations, it would ap-
pear that AE and CSFE methods were useful in recovery
of immature Culicoides from salt marsh substrate. Both
techniques produced viable larvae that could be used in
further studies, such as pesticide screening. This said, one
of the stated objectives of this study was to determine if the
CSFE method would be useful in determining the spatial
and temporal presence of the immature Culicoides. Al-
though AE is currently our best sampling technology for
obtaining immature stages from salt marsh habitats [Kline
et al., 1981], the process requires 48 hours to recover
sufficient numbers of immatures. Indeed, greater numbers
can be recovered if the samples are held for 72 or 96 hours
before the sample is processed [Kline et al., 1981]. The
data reported herein demonstrate that the CSFE technique
was very efficient (95%) in the recovery of Culicoides
immatures associated with salt marshes.

An advantage of the CSFE technique was the rela-
tively rapid determination of the presence or absence of
immatures and their abundance. Once the sample is
returned to the laboratory an answer may be obtained
within an hour. Another advantage is that much less
substrate is required to obtain the same answer. In the
seeded 100 ml samples processed by CSFE yielded a
mean recovery rate of 95% compared to 35% for AE1000.
In the field-collected samples, the number of immature
stages recovered per ml was 8.6 vs. 1.4 for sand sub-
strate, and 3.9 vs. 0.5 for mud substrate samples for the
CSFE and AE1000 methods, respectively (Table 5).
Thus, when the data are compared on a ml of substrate
basis, the CSFE method recovered 68 times more im-
matures than the AE1000 method in contrast to 1.5 times
greater number of immatures recovered by AE1000 on a
per sample basis. More 100 ml samples can be physically
carried from the salt marsh during a single trip. Thus,
more areas can be sampled during a single trip. The
greatest disadvantage of this method is that a good
centrifuge is needed. Not every research project has one
and a good centrifuge may be expensive.

Further work needs to be conducted to determine
the usefulness of the CSFE technique.
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