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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 soils1
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ABSTRACT. Two sampling techniques, agar extraction (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 immatures, and regular field samples with an unknown number of immatures) were evaluated. Two substrate sample sizes were used (100 ml and 1000 ml). Agar extraction was used with both sample sizes, but CSFE was
only used with the 100 ml size. The seeded samples
were inoculated with 3rd4th 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 immatures than the CSFE, but on a mean number of immatures 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 immatures 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 immature 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.
ÐÅÇÞÌÅ. Ïðîâåäåíî ñðàâíåíèå äâóõ ìåòîäîâ
ó÷¸òà ïðåèìàãèíàëüíûõ ñòàäèé Culicoides  ýêñòðàêöèè ñ ïîìîùüþ àãàðà (AE) è ìåòîäà öåíòðèôóãèðîâàíèÿ è ôëîòàöèè â ðàñòâîðå ñàõàðà (CSFE).
Ñðàâíåíèå ïðîâîäèëîñü ñ öåëüþ îöåíêè ñðàâíèòåëüíîé ýôôåêòèâíîñòè ýòèõ ìåòîäîâ äëÿ èçâëå÷åíèÿ ïðåèìàãèíàëüíûõ ñòàäèé Culicoides èç ñóáñòðàòîâ ñîë¸íûõ ìàðøåé. Äëÿ ðàáîòû áûëè èñïîëüçîâàíû 3 òèïà ïðîá: (1) î÷èùåííûå îò Culicoides ñóáñòðàòû, â êîòîðûå çàòåì áûëî ïîìåùåíî òî÷íî èçâåñòíîå ÷èñëî ëè÷èíîê 34-ãî âîçðàñòà (0, 25, 50,
100 èëè 200 íà êàæäóþ ïðîáó); (2) ãîìîãåíèçèðîâàííûå ïðîáû, ñîäåðæàùèå ïðèáëèçèòåëüíî ðàâíîå ÷èñëî ëè÷èíîê è êóêîëîê; (3) îáû÷íûå ïðîáû,
ñîáðàííûå â ïðèðîäå è ñîäåðæàùèå ðàçëè÷íîå íåóñòàíîâëåííîå ÷èñëî ëè÷èíîê è êóêîëîê. Êðîìå
òîãî, èñïîëüçîâàëèñü 2 òèïà ïðîá ïî îáú¸ìó ñóáñòðàòà (100 ìë è 1000 ìë). Ýêñòðàêöèÿ àãàðîì ïðèìåíÿëàñü äëÿ îáðàáîòêè ïðîá îáîèõ ðàçìåðíûõ
ãðóïï, à ìåòîä CSFE  ëèøü äëÿ ïðîá îáú¸ìîì 100
ìë. Äëÿ ïðîá, ñîäåðæàùèõ òî÷íî èçâåñòíîå ÷èñëî
ëè÷èíîê, ñðåäíÿÿ äîëÿ îñîáåé, ýêñòðàãèðóåìûõ ñ
èñïîëüçîâàíèåì êàæäîãî ìåòîäà, íå çàâèñåëà îò
îáùåãî ÷èñëà ëè÷èíîê â ïðîáå. Ïðè ýòîì ìåòîä
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CSFE ïîçâîëèë ó÷åñòü 95,7% îò îáùåãî ÷èñëà ëè÷èíîê, à ìåòîä AE  ëèøü 35,3% è 16,7% îñîáåé èç
ïðîá îáú¸ìîì 1000 è 100 ìë, ñîîòâåòñòâåííî. Äëÿ
ãîìîãåíèçèðîâàííûõ ïðîá ìåòîä AE1000 ïîçâîëÿåò ó÷åñòü âäâîå áîëüøåå ÷èñëî îñîáåé èç ïðîáû,
÷åì ìåòîä CSFE100, íî â ðàñ÷¸òå íà åäèíèöó îáúåìà ïðîáû ýôôåêòèâíîñòü âòîðîãî ìåòîäà â 5,2 ðàç
âûøå. Àíàëîãè÷íî ýòîìó, äëÿ îáû÷íûõ ïðîá ìåòîä
AE1000 ïîçâîëÿåò ó÷åñòü â ïîëòîðà ðàçà áîëüøå
ëè÷èíîê èç êàæäîé ïðîáû, ÷åì ìåòîä CSFE100, íî â
ðàñ÷¸òå íà åäèíèöó îáú¸ìà âòîðîé ìåòîä â 6,6 ðàç
ýôôåêòèâíåå.
Â ðàñ÷¸òå íà åäèíèöó îáú¸ìà ñóáñòðàòà, ìåòîä
AE ïîçâîëÿåò ó÷åñòü ïðèìåðíî ðàâíîå ÷èñëî ëè÷èíîê, âíå çàâèñèìîñòè îò îáú¸ìà ïðîáû (100 èëè
1000 ìë). Ìåòîä CSFE áîëåå ýôôåêòèâåí, ïîñêîëüêó ïîçâîëÿåò ó÷åñòü áîëüøåå ÷èñëî ëè÷èíîê èç ìåíüøåãî îáú¸ìà ñóáñòðàòà. Ýòîò ìåòîä ïîçâîëÿåò ñ
ìåíüøèìè óñèëèÿìè ñîáðàòü áîëüøåå ÷èñëî ïðîá ñ
áîëüøåé òåððèòîðèè, à òàêæå èçâëå÷ü ëè÷èíîê â
òå÷åíèå íåñêîëüêèõ ÷àñîâ, à íå äíåé, è, òàêèì îáðàçîì, ïîëó÷èòü áîëåå äåòàëüíóþ èíôîðìàöèþ î ïîïóëÿöèÿõ ìîêðåöîâ â áîëåå êîðîòêèå ñðîêè. Îñíîâíîé íåäîñòàòîê ìåòîäà CSFE ñîñòîèò â òîì, ÷òî äëÿ
îáðàáîòêè ïðîá íåîáõîäèìà äîðîãîñòîÿùàÿ öåíòðèôóãà.

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 numbers. These attacks can make outdoor activities impossible in some areas [Blanton & Wirth, 1979]. The bites
of Culicoides often may result in secondary infection
(cellulitis) in sensitive individuals. Complaints and demands for control of these biting midges have increased
with mans encroachment into areas adjacent to coastal
salt marshes. Despite this considerable nuisance problem 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 management strategy.
While ecological studies on the populations of adult
Culicoides are not numerous compared with other bloodsucking arthropods, such as mosquitoes and ticks, studies 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 tedious, time-consuming, and had various other disadvantages.
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, insecticide, 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 AEs 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 determined. 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-collected larvae of Culicoides were obtained from salt marsh
areas at Yankeetown, Florida, known to produce almost exclusively large numbers of Culicoides mississippiensis Hoffman, 1926 larvae during winter (December 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
a pressure 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 × 11 cm deep). This resulted in 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 photographic 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). Samples consisted of 100 ml of substrate. Each sample was
washed through a kitchen colander (15 cm diameter,
16 ×18 mesh [6.3 × 7.1 wires/cm]) with a water hose
into a 2.3 litre plastic pitcher (model #3062; Rubbermaid, 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 µm 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 contents (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; International Equipment Co., Needham, Massachusetts, USA)
and spun at 2200 revolutions per minute for 3 minutes.
This model was capable of processing 4 × 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-collected samples. All substrate samples used in this study
were collected from mid-March to mid-April.
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Seeded samples. These samples consisted of reconstituted 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 µm 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 substrate was then used to perform a set of experiments in
which the samples contained a known number of larvae. 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 × 11 cm deep). The CSFE samples
were prepared by partitioning out 100 ml of reconstituted 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 determination, 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 homogenizing these field samples would evenly distribute the immature stages and produce samples with
approximately similar numbers of immatures. The
sand and mud samples were mixed in different containers and processed separately. After homogenizing, the contents were quickly and randomly partitioned out into plastic containers (1000 ml per 16 cm
diameter × 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 samples refers to those which were processed as they came
directly from field locations mentioned above. Plastic
2-litre containers (16 cm diameter × 11 cm deep),
beakers (250 ml) and glass jars (150 ml) were used to
collect 1000 ml (ca. 300 cm2), 100 ml (ca. 30 cm2) and
100 ml (30 cm2), 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 m2) of each other. In the second
variant, three replicate samples of each type were retrieved from 9 similar marsh locations with the replicate 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 processed 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 Duncans Multiple 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 methods was highly significantly different (p < 0.001).

Table 1. Mean percent (standard error value in parentheses) 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).
Òàáëèöà 1. Ñðåäíÿÿ äîëÿ ëè÷èíîê Culicoides 3-ãî è 4ãî âîçðàñòîâ (%; â ñêîáêàõ  ñðåäíåêâàäðàòè÷íàÿ
îøèáêà), èçâëå÷¸ííûõ ìåòîäîì àãàðîâîé ýêñòðàêöèè
(AE) èëè ìåòîäîì öåíòðèôóãèðîâàíèÿ è ôëîòàöèè â
ðàñòâîðå ñàõàðà (CSFE) èç ñóáñòðàòîâ ñîë¸íîãî ìàðøà,
â êîòîðûå áûëî ïîìåùåíî òî÷íî èçâåñòíîå ÷èñëî
ëè÷èíîê, îò 25 äî 200.

Homogenized samples. Substrate from field samples 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 (Table 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 compared to the CSFE method for sand and mud substrate
samples, respectively. These differences were statistically 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 differences 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 method. 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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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.
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Table 2. Mean percent (n=3; standard error value in parentheses) of 50 Culicoides 3rd and 4th instar larvae
seeded into either 100 or 1000 ml of substrate and recovered by agar extraction (AE100, AE1000) or
by centrifuge-sugar flotation extraction (CSFE100).
Òàáëèöà 2. Ñðåäíÿÿ äîëÿ îò 50 ëè÷èíîê Culicoides 3-ãî
è 4-ãî âîçðàñòîâ (%; n=3; â ñêîáêàõ  ñðåäíåêâàäðàòè÷íàÿ îøèáêà), ïîìåù¸ííûõ â 100 èëè 1000
ìë ñóáñòðàòà è èçâëå÷¸ííûõ îòòóäà ìåòîäîì àãàðîâîé
ýêñòðàêöèè (AE100, AE1000) èëè ìåòîäîì öåíòðèôóãèðîâàíèÿ è ôëîòàöèè â ðàñòâîðå ñàõàðà (CSFE100).

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 collected from two substrate types in salt marsh habitats at Yankeetown, Florida.
Òàáëèöà 3. Ñðåäíåå ÷èñëî ïðåèìàãèíàëüíûõ ñòàäèé Culicoides (â ñêîáêàõ  ñðåäíåêâàäðàòè÷íàÿ îøèáêà),
èçâëå÷¸ííûõ èç ãîìîãåíèçèðîâàííûõ ïðîá, êîòîðûå áûëè ñîáðàíû íà äâóõ òèïàõ ñóáñòðàòîâ â ïðåäåëàõ
ñîë¸íûõ ìàðøåé ó ã. ßíêèòàóí, Ôëîðèäà.

1
1

Late instar (3rd and 4th) larvae physically removed with a slightly bent dissecting needle from agar layer.
Ëè÷èíêè ñòàðøèõ âîçðàñòîâ (3-ãî è 4-ãî), èçâëå÷¸ííûå èç ñëîÿ àãàðà ñ ïîìîùüþ ñëåãêà èçîãíóòîé ïðåïàðîâàëüíîé èãëû.

Table 4. Mean number (standard error value in parentheses) of immature stages of Culicoides recovered by agar extraction (AE100, AE1000) or by centrifuge-sugar flotation extraction (CSFE100) from homogenized field samples
collected from sand substrate in salt marsh habitats at Yankeetown, Florida.
Òàáëèöà 4. Ñðåäíåå ÷èñëî ïðåèìàãèíàëüíûõ ñòàäèé Culicoides (â ñêîáêàõ  ñðåäíåêâàäðàòè÷íàÿ îøèáêà),
èçâëå÷¸ííûõ èç ãîìîãåíèçèðîâàííûõ ïðîá, êîòîðûå áûëè ñîáðàíû íà ïåñ÷àíîì ñóáñòðàòå â ïðåäåëàõ ñîë¸íûõ
ìàðøåé ó ã. ßíêèòàóí, Ôëîðèäà.

Table 5. 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 regular field samples collected from
two substrate types in salt marsh habitats at Yankeetown, Florida.
Òàáëèöà 5. Ñðåäíåå ÷èñëî ïðåèìàãèíàëüíûõ ñòàäèé Culicoides (â ñêîáêàõ  ñðåäíåêâàäðàòè÷íàÿ îøèáêà),
èçâëå÷¸ííûõ èç îáû÷íûõ ïðîá, êîòîðûå áûëè ñîáðàíû íà äâóõ òèïàõ ñóáñòðàòîâ â ïðåäåëàõ ñîë¸íûõ ìàðøåé ó
ã. ßíêèòàóí, Ôëîðèäà.

1
1

See footnote to Table 2.
Ñì. ñíîñêó ê Òàáëèöå 2.

Daniel L. Kline

80

Table 6. Mean number (standard error value in parentheses) of immature stages of Culicoides recovered by agar extraction (AE100, AE1000) or by centrifuge-sugar flotation extraction (CSFE100) from regular field samples collected from sand substrate in salt marsh habitats at Yankeetown, Florida.
Òàáëèöà 6. Ñðåäíåå ÷èñëî ïðåèìàãèíàëüíûõ ñòàäèé Culicoides (â ñêîáêàõ  ñðåäíåêâàäðàòè÷íàÿ îøèáêà), èçâëå÷¸ííûõ
èç îáû÷íûõ ïðîá, êîòîðûå áûëè ñîáðàíû íà ïåñ÷àíîì ñóáñòðàòå â ïðåäåëàõ ñîë¸íûõ ìàðøåé ó ã. ßíêèòàóí, Ôëîðèäà.

1
1

See footnote to Table 2.
Ñì. ñíîñêó ê Òàáëèöå 2.

Discussion
Based upon these limited observations, it would appear 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. Although 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 relatively 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 substrate, 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 immatures 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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