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Abstract 

Cu//co/des ornatus is the main pest species of biting midge in coastal northern Australia. 

As the control of biting midges is usually not practical after they have dispersed from 

their larval habitat, and as little was known about the larval biology of C. ornatus, this 

study was undertaken to identify and characterise the location of larval habitats within 

mangroves near Darwin. Emergence trapping was used to identify larval habitats. Three 

types of larval habitat were found, each associated with a particular mangrove 

vegetation zone. The highest densities of emerging midges were recorded at the edge 

of the vegetation line on creekbanks of the upper reaches of small tidal creeks (around 

Mean High Water Neap), while low to moderate emergence was found in both the 

transitional zone of Bruguiera and Ceriops at the landward edge of the creekbank forest 

(just below Mean High Water Spring), and in the Sonneratia zone at the seaward edge 

of mangrove lined foreshores (between Mean Low Water Neap and Mean Sea Level). 

Creekbanks were a dry season only habitat, the transitional zone was a wet season only 

habitat, and the seasonal pattern of emergence was not determined in the Sonneratia 

zone, sampling only being undertaken in the late dry season. 

Peak emergence within each fortnightly tidal cycle occurred around the day of the neap 

tide, with a variation of three to four days through the year. Emergence occurred later at 

higher tidal elevations, with a four day difference between the time of emergence in the 

Sonneratia zone and at creekbank sites. Emergence was also greater on pre-full moon 

cycles than on pre-new moon cycles, after allowing for seasonal changes in numbers. 

Synchronised emergence appeared to be the result of the synchronisation of pupation. 

Field data indicated that there was a tidal cue for pupation, that it coincided with 

exposure of the habitat by an ebb tide, and that there was a circadian basis to its 

perception by larvae. Emerging females were autogenous, moving out of the 

mangroves and into the adjacent hinterland in search of blood meals immediately after 

their first oviposition. 

The extensive distribution of larval habitats within the mangroves near Darwin indicated 

that, using current technology, control methods aimed at the larval habitat such as 

insecticidal spraying or habitat modification, are unlikely to be either effective or 

environmentally acceptable. Consequently, control must continue to rely on methods 

such as the use of buffer zones between mangroves and residential communities, and 

personal protection and avoidance. 
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CHAPTER 1 - GENERAL INTRODUCTION 

1.1 - Background to project 

Culicoides ornatus Taylor is the main pest species of biting midge (Ceratopogonidae: 
Diptera) in northern Australia and one of the major pest species on the east coast of 
Queensland (Reye 1992). Satisfactory methods for the protection of human communities 
from midge attack have not been developed. As the effective control of biting midges 
that have dispersed from their larval habitat is impossible, except at the household and 
personal level, the protection of communities is best achieved by control at the source of 
the midge infestation, i.e. the larval habitat (Kettle 1962; Reye 1990a). Reye (1992) has 
described the larval habitat of C. ornatus on the east coast of Queensland, but attempts 
to identify the specific larval habitat near Darwin in the Northern Territory have been 
unsuccessful (Liehne 1985; Whelan, Booth and Kelton 1988). Consequently, previous 
investigations into the C. ornatus pest problem in areas near Darwin have had to infer 
the location of likely larval habitats based on Reye's work, with tidal elevation being used 
as the main indicator of the probable location of larval habitats (e.g. Liehne 1985; 
Whelan and Hayes 1993). As stated by Whelan (1991 a), 

"Unless exact breeding sites [i.e. larval habitats] of C. ornatus can be determined 
and characterised, specific breeding sites cannot be engineered out and 
planning authorities must rely on avoidance strategies or complete habitat 
destruction to reduce the pest problems in urban areas." 

The current study was initiated with the aim of identifying and characterising C. ornatus 
larval habitats within mangroves near Darwin, so that the basic biology of the immatures 
could be examined, the possibility of targeting control methods to the larval habitat could 
be evaluated, and so that the location of potential larval habitats could be accurately 
predicted. This work has relevance throughout both northern Australia and the east 
coast of Queensland. 

1.2 - Location and study areas 

Study sites were located in areas of mangrove forest close to the city of Darwin in 
tropical northern Australia (latitude 120  25' S; longitude 1300  53' E). Darwin is situated on 
the northeast corner of Darwin Harbour, a large mangrove fringed embayment some 
450 km2  in area. Darwin Harbour functions seasonally as a large estuary because during 
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the monsoon substantial quantities of freshwater are discharged into the marine system 
from the main rivers and numerous small creeks flowing into the harbour and by sheet 
flooding from the surrounding hinterland (Semeniuk 1985a). The location of the study 
sites in relation to the city of Darwin are shown in plate 1.1. The main study sites were 
located in the Sadgroves Creek area (plate 1 .2), with some additional work undertaken 
in the mangroves of Sandy Creek in Casuarina Coastal Reserve, situated just north of 
Darwin. 

1.3 - Climate 

The Darwin region, situated in the wet-dry tropics of northern Australia, experiences a 
highly seasonal climate characterised by annually re-occurring wet and dry seasons 
(McDonald and McAlpine 1991). In the southern hemisphere summer, low pressure 
systems located over northern Australia bring rain-bearing winds, the north-westerly 
monsoon, to the region. Heavy rainfall at this time of year can last from days to weeks 
and low pressure systems over the ocean may intensify to become tropical cyclones. 
Over 90% of Darwin's 1691 mm mean annual rainfall falls during the wet season 
between November and April. In the southern hemisphere winter, high pressure 
systems over inland Australia generate cool dry air-streams, the south-easterlies, which 
dominate the dry season in the Darwin region. Maximum temperatures vary little through 
the year, daily means ranging from 30.4 00  in July to 33.1 °C in October and November, 
while minimum temperatures are more variable with daily means ranging from 19.3 °C 
in July to 25.3 °C in November and December (Bureau of Meteorology 1997). Mean 
daily relative humidity is highest in the wet season (February: 83% at 9 am, 72% at 3 
pm) and lowest in the dry season (July: 63% at 9 am, 38% at 3 pm)(ibid.). 

1.4—Tidal cycles 

The cyclic shifts in the timing and heights of the tides have an important controlling 
influence on the biology of many intertidal organisms (Neumann 1987). On most 
coastlines of the world, including that of Darwin Harbour, there are two high and two low 
tides every lunar day. The lunar day is the period between successive moonrises and is 
on average 24 hr 51 mm. A consequence of the difference between the length of the 
solar and lunar days is that the time of the daily tides occurs on average 51 min later 
each day (Palmer 1995). This daily shift in the timing of the tides means that the time at 
which a tide occurs on a particular day will not be repeated until on average 14.8 days 
later (Neumann 1987). The heights of the tides also change with an approximately 
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Plate I .1 - Darwin City and location of study sites. Aerial photograph 
from Dept. Lands, Planning & Environment 24/6/97. 



Plate 1.2 - Sadgroves Creek and Reichardt Creek in the Darwin South area. See 
plate 1.1 for locality map. 
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fortnightly rhythm. The tides with the greatest tidal range, i.e. the spring tides, occur 
around the time of the new and full moons, while the tides with the smallest tidal range, 
i.e. the neap tides, occur around the time of the first and last quarters of the lunar cycle. 
One result of the interaction between the change in tide heights and shifts in the timing 
of the tidal cycle is that the high spring tides always occur around dawn and dusk, while 
the high neap tides always occur around the middle of the day and night. There is also a 
complex pattern of seasonal changes in tide heights and this is described in section 3.2 
(see figure 3.8). Darwin Harbour's tides are macrotidal with a maximum range of about 
8 m, a mean spring tide range of 5.6 m and a mean neap tide range of 1 .8 m. The mean 
tidal heights for Darwin in metres relative to Admiralty Chart Datum (ACD) are as 
follows (Australian National Tide Tables 1998)— 

Highest Astronomical Tide (HAT) 8.0 m 
Mean High Water Spring (MHWS) 6.9 m 
Mean High Water Neap (MHWN) 5.0 m 
Mean Sea Level (MSL) 4.1 m 
Mean Low Water Neap (MLWN) 3.2 m 
Mean Low Water Spring (MLWS) 1.3 m 
Lowest Astronomical Tide (LAT) 0.0 m 

1.5— Mangrove vegetation of Darwin Harbour 

Darwin Harbour is fringed by over 20,000 hectares of mangrove forests making it the 
largest single stand of mangroves in the Northern Territory (Dames and Moore 1984). 
The occurrence of mangrove vegetation in predominantly monospecific zones running 
parallel to shorelines and creeklines is a characteristic feature of many mangrove 
systems (Hutchings and Saenger 1987) and has been well documented in Darwin 
Harbour (Semeniuk 1985a,b; Woodroffe and Bardsley 1988; Metcalfe 1993; 
Brocklehurst, Edmeades and van Kerckhof 1995). Although different systems have been 
used to classify mangrove zonation in Darwin Harbour, all are in general agreement, 
and the zonation patterns observed are typical of mangroves of the lndo-Pacific region 
(Smith 1992). The seven major mangrove zones of Darwin Harbour were described by 
Metcalfe (1993) and this system has been used in the current study (table 1.1), with the 
following two minor changes in nomenclature. The seaward zone is referred to as either 
foreshore or Sonnerafia zone to avoid confusion with the use of the word seaward to 
imply direction, and the tidal creek zone is referred to as creekbank forest to clearly 
distinguish between the open creekbanks and the vegetated creekbank forest, both of 
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which are implied in the term tidal creek. Tidal elevations are those given in Metcalfe 
(1993), which were based on data from Woodroffe and Bardsley (1988). 

Table 1.1 - The major mangrove zones of Darwin Harbour (after Metcalfe 1993). 

Zone Dominant species 

Seaward (Foreshore) Sonneratia 

Tidal creek Rhizophora, Camptostemon, 
(Creekbank forest) Bruguiera, Avicennia 

Rhizophora Rhizophora 

Transitional Bruguiera, Ceriops 

Tidal flat Ceriops 

Salt flat chenopods 

Hinterland margin Ceriops, Lumnitzera, Excoecaria 

Tidal Elevation (m ACD) 

3 to 4 m 

4.5 to 6 m 

5.5 to 6.5 m 

6 to 7 m 

6 to 8 m 

6.5 to 7.5 m 

7 to 8 m 

1.6 - The pest significance of biting midges 

The Ceratopogonidae or biting midges (colloquially known as sandflies in Australia) are 
a family of small to minute two-winged flies (order Diptera), with biting and piercing 
mouthparts, containing many members that feed on warm-blooded animals. Many 
species are known worldwide as serious pests of humans and domestic animals, both 
because of their annoying bites and because of their role in the transmission of disease. 
In Australia no human diseases are known to be transmitted by biting midges although 
they are vectors of a number of viral diseases of livestock (Muller 1995). It has been 
suggested that the lack of any known association in Australia between biting midges and 
human pathogens such as some of the arboviruses, possibly has more to do with limited 
investigation than with scientific fact (Muller 1994). The role of biting midges in the 
transmission of human diseases was reviewed by Linley, Hoch and Pinheiro (1983). 

The bites of biting midges often cause severe local reactions, which may blister and 
weep serum in sensitive people (Lee 1975). Severe and repeated biting can give rise to 
allergic reactions and secondary infections (Lee 1975; Wirth and Hubert 1989). In low 



numbers biting midges are usually regarded as being only a minor nuisance but the 
extremely high numbers that can occur near their larval habitats can make these places 
unsuitable for human habitation. Species with immatures that occur in intertidal habitats 
are particularly important as pests and can have serious effects on the regional 
economies of coastal areas (Reye 1964; Linley and Davies 1971). In Australia most pest 
species belong to the genus Culicoides (Reye 1992). 

1.7 - Biology of immature Culicoides 

The genus Culicoides is very large with over 1,200 described species worldwide 
(Borkent and Wirth 1997). Culicoides have a typical dipteran life-cycle with the egg 
followed by four larval instars, a pupa and the adult. The larvae are vermiform and are 
found in moist, well aerated conditions in marine, freshwater and terrestrial habitats. 
Typical aquatic larval habitats include the margins of creeks, tree holes and leaf axils, 
wave washed shorelines (sand, mud or rock), and saltmarshes and mangroves. 
Terrestrial larval environments include animal dung, rotting fruit and timber, mud, gravel 
and sand. Linley (1976) suggested that 50 to 60 of the approximately 1,000 species 
known at that time had pre-adult stages which were associated with marine habitats. 

1.7.1 - Descriptions of immatures 

Most studies dealing with Culicoides faunas have been based almost exclusively on 
examination of adults (Kettle and Elson 1976). Descriptions of the immatures have been 
documented in major studies by Kettle and Lawson (1952) for British species, Jones 
(1961a) and Jamnback (1965) for North American species, Glukhova (1968, 1969, 
1971) for species of the former USSR, and Nevill (1969) for species of the Ethiopian 
region. In Australia descriptions of Culicoides immatures have been given by Kettle and 
Elson (1975a, 1975b, 1975c, 1976, 1978, 1980), Kettle, Elson and Dyce (1976), Hagan 
(1984), Hagan and Reye (1986) and Elson-Harris and Murray (1992). A key for the 
identification of larvae was published by Kettle and Elson (1976), with modifications in 
Kettle and Elson (1978), Hagan (1984) and Hagan and Reye (1986). Pupal keys were 
given by Kettle and Elson (1976, 1980), with modifications by Hagan (1984) and Hagan 
and Reye (1986). 
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1.7.2 - Intertidal species 

The immatures of Culicoides species are found in a variety of intertidal habitats including 
mangrove forests, saitmarshes, sandy beaches and rock pools. Reye (1992) listed 13 
species with marine larval habitats in his review of the common Australian pest species 
of Culicoides. Mangrove habitats are home to some of the most economically important 
Culicoides species. In Australia the immatures of four pest species are known to occur 
in the mud of mangrove forests (Marks and Reye 1982; Hagan and Kettle 1990; Reye 
1992) - C. flumineus Macfie, C. longior Hagan and Reye, C. marmoratus (Skuse) and 
C. ornatus. Another pest species, C. subimmaculatus Lee and Reye, has also been 
collected from under mangrove cover although its usual habitat is in open sandy areas 
(Reye 1992). Three non-pest species, C. cord!ger Macfie, C. henryi Lee and Reye and 
C. histrio Johannsen have been associated with mangroves, although the larval habitat 
of only C. henryi has been identified (Marks and Reye 1982). In the Asia-Pacific region 
C. peliliouensis Tokunaga and C. belkini Wirth and Arnaud are important mangrove 
breeding species (Dorsey 1947; Wirth and Arnaud 1969), while in West Africa C. austeni 
Carter, Ingram and Macfie and C. obscuripennis Clastrier and Wirth have been 
associated with this habitat (Murphy 1961; Linley 1976). In neotropical regions larvae of 
C. furens (Poey), C. barbosai Wirth and Blanton, C. bermudensis Williams, 
C. guyanensis Floch and Abonnenc, and C. maruim Lutz, are known to occur in 
mangroves (Kettle 1962; Davies 1967; Linley 1976; Williams 1957, 1964). 

1.7.3 - Eggs and oviposition 

The eggs of Culicoides are banana shaped, dark brown and about 0.25 mm long (Linley 
1976). The egg surface is often covered with longitudinal rows of sucker or peg-like 
projections called ansulae (Hill 1947; Parker 1950; Jobling 1953; Becker 1961) which 
probably function as a plastron by retaining a film of air in contact with the egg when the 
egg is covered by water (Campbell and Kettle 1975). Eggs are laid in batches varying 
from 30 to 40 in C. brevitarsis Kieffer (ibid.), up to 450 (mean 252) in C. circumscriptus 
Kieffer (Becker 1961). Duration of the egg stage depends on temperature and takes 
about 2 days in C. varllpennis (Coquillett) at 24 °C (Jones 1957), and at 29 °C 3 days in 
C. furens and 5 to 6 days in C. barbosai (Linley 1966b). The eggs of most species have 
little ability to withstand even moderately dry atmospheres (Parker 1950; Linley 1976). 
Oviposition in many species probably occurs at particular times of day in response to the 
light cycle (Jones 1957; Linley 1976). The distribution of the early instars of C. melleus 
(Coquillett) in the field indicated that oviposition in this intertidal species probably 
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occurred in the uppermost portion of the beach, an area only inundated by high tides 
(Linley and Adams 1972). Linley (1976) suggested that many intertidal species may 
oviposit in synchrony with the tidal rather than diurnal cycles. On the edges of freshwater 
ponds, the eggs and first instar larvae of C. var//penn/s were also found at higher 
elevations than the later instars (Mullens and Lii 1987). 

1.7.4 - Larval biology 

Culicoides larvae are elongate, cylindrical and usually lack appendages, the first instar 
larvae of some species having a prothoracic pseudopod (Lawson 1951; Kettle and 
Lawson 1952; Jobling 1953; Kettle and Elson 1976). Almost all Culicoides larvae are 
strong swimmers and are also able to move easily through particulate or fibrous matter 
(Linley 1986). Competition between species can be avoided by species exhibiting 
different depth preferences, although in muddy habitats aerobic conditions only exist at 
the surface and larvae are concentrated there (Kettle 1962). The larvae of some aquatic 
species inhabit burrows at the surface of the substratum from which the anterior part of 
the body protrudes if covered by free water (Carter, Ingram and Macfie 1920; Megahed 
1956; Linley 1966a). Culicoides larvae are generally negatively phototactic and the 
larvae of the intertidal C. melleus move to the sand surface at night and retreat to lower 
depths during the day, presumably in response to light or heat (Linley and Adams 1972). 
Another intertidal species, C. subimmaculatus, also appears to migrate vertically, 
probably in response to temperature changes associated with prolonged tidal exposure 
(Edwards 1989). Linley and Adams (1972) found that the distribution of the instars of 
C. melleus in the larval habitat varied, with the younger instars occurring closer to the 
presumed area of oviposition. With rare exceptions Culicoides probably do not 
undertake extensive movement or migration during the larval stage (Linley 1976). 

Two types of pharyngeal skeleton have been described in Culicoides larvae - solidly 
constructed for grinding and crushing, and lightly constructed for sucking and sieving 
(Kettle and Lawson 1952; Kettle, Wild and Elson 1975). Of the species with heavy 
pharynges, C. nubeculosus (Meigen) has been observed to browse upon surface 
bacterial films, and on algal and fungal growth (Megahed 1956), while C. variipennis is a 
facultative predator having been reared on cultures of mixed microorganisms (Jones, 
Potter and Baker 1969; Parker, Akey and Lauerman 1977) and nematodes (Mullens and 
Velten 1994). Species with light pharynges are predators (Kettle 1995) and have been 
reared in laboratory studies on organisms such as nematodes, annelids, protozoa and 
rotifers (Linley 1966a, 1968b, 1969; Kettle et al. 1975; Williams and Turner 1976). It is 



not known whether these species are primarily predatory in the field, as most 
information on feeding comes from studies intended to optimise rearing conditions for 
laboratory colonisation (Becker 1958; Jones ef al. 1969; Linley 1969, 1979, 1985; Kettle 
etal. 1975). In a detailed study of the feeding habits of C. circumscriptus, Becker (1958) 
described the larvae as primarily being detritivores, browsing on vegetable matter, algae 
and bacterial films, although they were predatory under certain conditions. Hribar and 
Mullen (1991) examined the alimentary tract contents of field caught Culicoides larvae 
and found evidence of a variety of organisms including rotifers, tardigrades, 
oligochaetes, diatoms, fungi and bacteria. By comparing the gut contents of C. furens 
larvae with the relative abundance of potential food items in the natural larval habitat, 
Aussel and Linley (1994) concluded that the larvae were trophic generalists. In C. furens 
fliamentous green algae were the primary food item, with nematodes only occasionally 
being consumed (ibid.). 

The period of larval development varies greatly between species and depends on food 
supply, competition and temperature (Linley 1976). In the field the egg to adult period 
may be as short as 2 to 3 weeks e.g. C. brevitarsis (Campbell and Kettle 1975), or as 
long as nearly two years in some Arctic species (Downes 1962). An unusually short 
period of larval development of 9 days was reported by Linley (1976) for C. melleus 
larvae reared at 27 °C with a rich food supply. At the same temperature but with a 
varying abundance of food, the egg to adult period of C. furens ranged from 3 to 5 
weeks (Linley 1969). The generation time in the field for C. furens during a Florida 
summer was determined to be about 4 to 6 weeks (Linley, Evans and Evans I 970a). In 
colder areas larvae may overwinter, e.g. in Alaska C. tristriatulus Hoffman larvae 
overwinter for about 10 months (Williams 1951). 

1.7.5 - Pupa! bio!ogy 

Pupae have a typical nematoceran appearance, with a rigid head and thorax and an 
elongate abdomen capable of considerable movement (Linley 1976). The pupal stage 
usually lasts a few to several days depending on temperature (Linley 1976). Field 
studies have indicated that the pupae of intertidal species often occur at elevations 
slightly higher than that of the larvae, suggesting that either larvae migrate to drier areas 
to pupate (Linley 1966a; Linley and Adams 1972; Edwards 1989) or that pupae may float 
to elevations above that of the larval habitat (Kettle, Reye and Edwards 1979). Dyce and 
Murray (1966) describe 3 patterns of pupal behaviour - pupae that float and are 
dispersed by air and water movements (fresh and brackish water species); pupae which 
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repeatedly rise to the surface, float and then break away to sink to the substratum (tree 
hole inhabiting species); and pupae which remain submerged and burrow into the 
substratum (intertidal sand inhabiting species). 

The pupae of aquatic species such as C. furens, C. melleus and C. nubeculosus have 
been observed to inhabit burrows opening to the soil surface with their respiratory horns 
in contact with the meniscus at the burrow entrance (Megahed 1956; Linley 1966a; 
Linley and Adams 1972). In C. furens pupation cannot occur underwater and if flooded 
the pupae free themselves from the substratum and float to the surface (Bidlingmayer 
1957; Linley 1966a). When the water recedes, the pupae burrow into the soil surface 
again (Linley 1966a). In C. melleus pupation can occur underwater and pupae remain in 
their burrows when flooded (Linley and Adams 1972). The pupae of C. melleus can 
survive being submerged for over 4 days (ibid.), while those of C. furens survive 
submergence for little more than 24 hours (Linley 1966a). In some intertidal sand 
inhabiting species, including C. melleus, the posterolateral processes of the anal 
segment and the abdominal bristles curve anteriorly, possibly a modification that aids 
burrowing into sand (Dyce and Murray 1966). A possible pupal diapause, controlled by 
soil moisture or some related factor, has been described in C. phiebotomus Williston in 
Trinidad (Williams 1969). 

1.7.6— Emergence 

Emergence of the adult is rapid, taking less than two minutes in C. melleus (Linley 1976) 
and adults can fly within 5 or6 minutes (Linley 1966a). A daily rhythm of emergence has 
been observed in C. furens with adults emerging between 07:00 hr and 12:00 hr (Linley 
1966a; Cheng and Hogue 1974). For marine species emergence is usually synchronised 
with the tidal cycle, often occurring around either the neap or spring tides depending on 
species. Species emerging around the time of the neap tides include C. peiliouensis 
(Dorsey 1947), C. furens (Davies 1967), C. ornatus (Reye and Lee 1963) and 
C. subimmaculatus (Reye and Lee 1963), while species emerging around the time of the 
spring tide include C. austen! (Murphy 1961), C. maruim (Lutz 1912) and C. molestus 
(Kay and Lennon 1982). The mechanism used by biting midges to synchronise 
emergence in a population has not been identified. Based on the seasonal abundance of 
the individual larval instars of C. subimmaculatus, Edwards (1989) suggested that the 
synchronisation of development and hence emergence, may occur at the time of ecdysis 
from 3rd to 4th instar. 
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1.7.7— Habitat requirements 

Studies on the larval habitats of Culicoides have been made by Carpenter (1951), 
Bidlingmayer (1957), Jones (1961b), Williams (1964), Davies (1967), Linley etal. 
(1970b), Kline and Axtell (1977), Kline (1989), Kline and Wood (1989), Hagan and Kettle 
(1990), Magnon, Hagen, Kline and Linley (1990) and Lardeux and Ottenwaelder (1997). 
However, few studies have examined the relationship between the physical, chemical 
and biological characteristics of the larval habitat and the distribution of Culicoides 
species. As the areas occupied by different plants in a habitat may be thought of as 
showing boundaries within which certain physical and chemical conditions are integrated 
(Linley 1976), many of the biotic and abiotic characteristics of a habitat are correlated 
(Kline and Axtell 1977). 

Bidlingmayer (1957) related the distribution of C. furens to a simple soil classification, 
while Davies (1967) found that C. furens and C. barbosai were each associated with 
particular mangrove vegetation zones. The type of vegetation cover, percentage of time 
the habitat was flooded and soil type were found to be related to the distribution of the 
saltmarsh species C. hollensis (Melander and Brues), C. furens and C. bermudensis by 
Kline and Axtell (1977) and to C. hollensis, C. furens and C. melleus by Magnon etaL 
(1990). In Australia Hagan and Kettle (1990) found that the distribution of the larvae of 
four Culicoides species in an area of mangroves did not correspond with mangrove 
zones, but was related to the presence or absence of vegetation and for one species to 
substrate type. Hagan and Kettle suggested that the lack of a correlation between 
vegetation types and Culicoides species seen in their study was possibly due to the 
typical eastern Australia pattern of mangrove zonation, as described by MacNae (1966), 
not being well developed at the study site. Lardeux and Ottenwaelder (1997) found that 
in an area of sandy-mud associated with saltmarsh, C. belkini larvae were most 
abundant in wet sediments with high levels of organic matter and low salinities. The 
density of larvae in crab burrows (>3 cm diameter) was four times greater than in 
surface sediments. 

1.7.8 - Seasonal patterns of abundance 

Seasonal patterns of emergence are largely governed by temperature and its influence 
on the growth of the immatures (Linley 1976). In tropical areas emergence tends to be 
continuous and generations overlap, e.g. C. furens and C. barbosal in Jamaica (Kettle 
1972), C. furens in Trinidad (Tikasingh 1972) and C. peliliouensis in the Palau Islands 
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(Dorsey 1947). In colder latitudes there tend to be fewer and more distinct generations 
and emergence can be limited to just the summer months. For example, C. furens 
emerge all year in Jamaica (Kettle 1972), in Florida emergence is greatly suppressed in 
the cooler months and there are probably six generations in a year (Linley etal. 1970a), 
while further north in Connecticut adults are only present for four months of the year and 
there are probably only three generations (Lewis 1959). In southeast Queensland 
C. subimmaculatus has been shown to have four generations a year and to overwinter in 
the fourth instar (Edwards 1989). Magnon etal. (1990) found that for two diapausing 
saltmarsh species, the greatest larval abundances occurred when adult numbers were 
lowest, and the lowest larval abundances when adult numbers were greatest. 

Ray and Choudhury (1988) found C. peliliouensis larvae throughout the year in estuarine 
mud and sand flats, in an area of eastern India with a tropical monsoon climate. 
Greatest larval abundance occurred in the postmonsoon and least during the 
premonsoon. Larval abundance was positively correlated with soil nutrient levels 
(organic carbon and available phosphorous) and negatively correlated with rainfall and 
soil temperature. Ray and Choudhury suggested that the availability of soil nutrients 
influenced the abundance of the algal and meiofaunai populations upon which the midge 
larvae fed and that this was the underlying mechanism controlling larval population 
levels. 

1.8 - Adult biology 

1.8.1 - Dispersal and flight range 

The flight and dispersal ranges of a pest species are important as they will determine 
the distance from the larval habitat over which there will potentially be a pest problem 
and accordingly the areas in which control needs to be undertaken (Kettle 1962). 
Culicoides are generally regarded as weak fliers and if significant dispersal is achieved it 
is usually attributed to wind assistance (Linley 1976). Kettle (1995) suggested that most 
species disperse less than 500 m from their breeding sites. The flight ranges of some 
Australian pest species were given by Reye (1992) - C. flumineus, C. immaculatus Lee 
and Reye, C. molestus and C. subimmaculatus, 400 m; C. !ongior, 800 m; C. ornatus, 
1.6 km; and C. marmoratus, up to 16 km (wind assisted). 

Distances at which C. furens have been recorded from their larval habitats include 
1.2 km (Bidlingmayer 1961), 2.4 km (against the wind) (Breeland and Smith 1962), 
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3.2 km (wind assisted) (ibid.) and 6.4 km (Williams 1962). Kettle (1995) suggested that 
C. furens might have a dispersal flight unrelated to host-seeking, based on 
Bidlingmayer's (1961) observation that there was no relationship between female flight 
activity (as measured by a truck trap) and biting activity. Large numbers of females were 
often collected by Bidlingmayer in a truck trap on occasions when negligible numbers 
were biting and vice versa. According to Dorsey (1947) C. peliliouensis will fly up to 1.6 
km with the aid of a slight breeze. In mark-recapture experiments the mean distances 
travelled by C. mojave Wirth, C. variipennis and C. mississippiensis Hoffman were all 
found to be around 2 km (Brenner, Wargo, Stains and Mulla 1984; Lillie, Marquardt and 
Jones 1981; Lillie, Kline and Hall 1985). Most C. mississippiensis had dispersed 1.5 km 
in the first 24 hours (Lillie etal. 1981). Kettle (1951, 1960) has shown that in woodland 
C. impunctatus Goetghebuer disperses a short distance from its larval habitat (one tenth 
reduction in numbers over 70 m), but in the open there can be downwind dispersal for 
over 1 km without any noticeable reduction in numbers. A striking example of wind 
dispersal was recorded in the dung breeding species C. brevitarsis by Murray (1987a). 
From the location of outbreaks of Akabane disease in cattle in relation to location of the 
nearest larval habitats, it was concluded that C. brevitarsis females had dispersed on 
warm, moist winds up to 200 km over a few days. 

Murray (1987b) found that C. brevitarsis adults were abundant at night 4 to 6 m above 
the ground. Breeland and Smith (1962) caught most female C. furens in light traps at 
heights of 2.4 and 14 m, although moderate numbers were caught at 0.3 and 27 m. 
Similar results were obtained for C. furens and C. melleus by Henry and Adkins (1974) 
in an area of saltmarsh containing scattered trees to 8 m. Greater numbers were caught 
at heights of 8 and 14 m, than at 1.5 and 18 m. 

1.8.2 - Biting habits 

Culicoides females usually obtain protein for the maturation of eggs from vertebrate 
blood (Marks and Reye 1982). Even species which are autogenous and mature their first 
batch of eggs using nutrient reserves carried over from the larval stage, seek a blood 
meal after the first oviposition (Linley 1976). Each Culicoides species has a range of 
hosts on which it will feed and one or more for which it has a preference (Kettle 1962). 
Based on trapping studies many Culicoides species have been regarded as either 
ornithophilic or mammalophilic (Reye and Lee 1961; Hair and Turner 1968). The number 
of antennomeres which bear sensory pits has been shown to broadly correspond to host 
preference with ornithophilic and mammalophilic species having pits on 4 to 6 and 8 to 
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13 antennomeres respectively (Jamnback 1965; Braverman and Hulley 1979). Some 
species have a wide host range and will readily feed on both birds and mammals, e.g. 
C. molestus (Reye and Lee 1961), C. furens and C. ho/lens/s (Koch and Axtell 1979). An 
unusual host preference was observed for C. garciai Wirth and Hubert, which was 
collected feeding on a mud skipper in a mangrove forest (Wirth and Hubert 1989). Most 
Cu//co/des species are crepuscular and/or nocturnal feeders although a small number 
are diurnal feeders (Linley 1976). Some such as C. phiebotomus (Nathan 1981) are 
primarily crepuscular feeders but will bite throughout the day. 

1.8.3 - Autogeny 

Autogeny, the ability to produce an initial batch of eggs without the need of a blood meal, 
occurs in many marine ceratopogonids (Linley 1976). Autogenous Cu//coides species 
include C. austen/ (Murphy 1961), C. bermudensis (Williams 1961), C. barbosai (Linley 
1966b), C. furens (Linley 1966b), C. marmorafus (Kay 1973), C. mel/eus (Linley and 
Hinds 1976), C. subimmaculatus (Edwards 1982) and C. waringi Lee and Reye (Dyce 
and Murray 1967). Linley (1966b) found that the proportion of autogenous C. furens 
females varied greatly between breeding sites. Linley ef al. (1970b) sampled a site 
continuously for over a year and found that all C. furens females collected were 
autogenous and that their fecundity fluctuated considerably with temperature-related 
seasonal changes in their body size. The larger females emerging in the cooler months 
matured greater numbers of eggs. Linley (1976) suggested that the time taken for the 
autogenous maturation of eggs was the cause of the delay observed between 
emergence and biting activity in C. furens. 

1.9— The biology of C. ornatus 

C. ornatus occurs in coastal areas of northern Australia from Tin Can Bay in southern 
Queensland to at least Port Headland in Western Australia (Reye 1992). C. ornafus also 
extends across the Torres Strait Islands and into southern Papua (Debenham 1978). 
Female C. ornatus were first described from north Queensland by Taylor (1913) and 
subsequently redescribed by Lee and Reye (1953) and Tokunaga (1962). Pupae were 
first described by Kettle and Elson (1980) and larvae and males by Hagan and Reye 
(1986). Hagan and Reye (1986) also redescribed females and discussed how to 
separate C. ornatus from a sibling species, C. /ongior, whose distribution overlaps with 
that of C. ornafus. A bibliography of the biology and distribution of C. ornatus is given in 
Debenham (1978). Lee and Reye (1953) described C. ornatus as the commonest 
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"plague species" of coastal areas within its range, while Marks and Reye (1982) 
described it as the most serious midge pest in northern Australia and attributed its pest 
status to its propensity to enter buildings and its long flight range. Studies near Darwin 
have verified that C. ornatus was the principal human pest species in this area (Liehne 
1985; Logan, Kelton and Whelan 1991; Whelan 1987, 1991a). Biting activity is primarily 
crepuscular although biting will also occur throughout the day in sheltered places (Reye 
and Lee 1961; Logan etal. 1991). 

C. ornatus has been known to be associated with mangroves since Taylor's (1913) initial 
collection of specimens in 1911 from this habitat. Reye and Lee (1961) mentioned that 
C. ornatus was found most abundantly in mangroves penetrated by narrow creeks, while 
Reye (1964) described the habitat of C. ornatus as ".... estuaries where muddy 
mangrove swamps are drained by a plexus of steep sided creeks ...." Using light traps 
Reye and Lee (1963) determined that C. ornatus females emerged in a peak over a few 
days every fortnight around the time of the neap tide. From this they deduced that the 
larval habitat was probably in the neap tide zone. Marks and Reye (1982) described the 
larval habitat as being in estuarine mud, well sheltered from wave action and in a narrow 
band around high water neap. Marks and Reye (1982) and Reye (1990a) have 
suggested that there is possibly an association between C. ornatus and both the River 
Mangrove, Aegiceras cornicu!atum (L.) Blanco, and a small unidentified species of crab. 
Reye (1992) has described the larval microhabitat on the east coast of Queensland as 
occurring about 15 cm below the mud surface, within the subterranean tunnel complex 
of the crab. Reye (pers. comm.) has suggested that the association between C. ornatus 
larvae, Aegiceras and crab tunnels might be due to C. ornatus larvae inhabiting the 
burrows of a species of crab which feeds on Aegiceras leaves. The larval period is 
around 6 weeks and the pupal period is a few days (Reye 1964). Early attempts to 
identify the larval habitat of C. ornatus near Darwin were unsuccessful (Liehne 1985; 
Whelan etal. 1988), although there were indications that larval habitats occurred in the 
upper portions of tidal creeks (Liehne 1985). Subsequent investigations by Whelan, 
Montgomery, Hayes, Nowland and Love (1996) found high densities of adults in 
hinterland areas adjacent to areas of mangroves containing dendritic creek patterns, 
indicating the probable presence of productive breeding sites in this type of mangrove 
forest. 

The seasonal abundance of C. ornatus near Darwin was determined by Liehne (1985) 
and Whelan et al. (1996). Both studies indicated that peak adult abundance occurred in 
the late dry season (August/September) and that lowest numbers occurred in the late 
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wet/early dry (January/February). Liehne (1985) attributed the wet season decreases in 
adult numbers that he recorded to changes in microhabitat salinity, based on Reye's 
suggestion that C. ornatus larvae are sensitive to changes in salinity brought about by 
mechanisms such as flooding (Reye 1990a) or rainfall (Reye, pers. comm.). Whelan 
et al. (1996) identified a correlation between tide heights and seasonal abundance, with 
the greatest numbers of adults being caught in September when the lowest high tides 
and the highest low tides occurred. 

The flight range of C. ornatus was given as 1.6 km by Reye (1973, 1992) and double this 
along the wetter parts of the Queensland coast or where there is good cover such as 
vegetated creeks or swamps (Marks and Reye 1982). Investigations near Darwin have 
shown that C. ornatus dispersed inland from their breeding sites for at least 3 km at 
Palmerston (Liehne 1985), for at least 2.5 km at Weddell (Whelan et al. 1988) and 
for at least 1.5 km at Gunn Point (Whelan 1991b). In all of these studies a major 
decrease in numbers occurred at about 1 km to 1.5 km from the mangrove margin. 
It has also been shown that C. ornatus tend to occur in their highest numbers at the 
tops of ridges and escarpments (Whelan 1991b; Logan etal. 1991; Whelan and Hayes 
1993). Whelan et al. (1997) suggested that C. ornatus orientates to elevated landforms 
rather than to the flat open sea when dispersing, to prevent biological wastage and to 
maximise the probability of finding blood meals. The dispersal of C. ornafus was shown 
to be influenced by the nature of the terrain through which the females travelled, with 
abundance being greatly reduced inland of open areas (Liehne 1985; Whelan 1991a). 
This was thought to be due to increased air movement in open areas having a negative 
effect on flight activity. 

1.10 - The control of intertidal biting midges 

Where practical, the control of biting midges is best achieved at the source of the 
infestation (i.e. the larval habitat) before the midges have dispersed (Kettle 1962; Reye 
1990b). Two types of control method aimed at the larval habitat have been used in 
intertidal areas - chemical control and habitat modification (Kettle 1990). Control can 
also be achieved by targeting the adult midges, using methods such as insecticidal 
aerosols (fogs), buffer zones between midge breeding sites and urban areas, and 
household and personal protection. 
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1.10.1 - Chemical control of larvae 

With the advent of insecticides in the 1940's and 1950's the aerial application of DDT 
was successfully used to control both the adults and larvae of mangrove and saltmarsh 
Culicoides (Madden, Lindquist, Longren and Knipling 1946; Dorsey 1947; Trapido 1947; 
Bruce and Blakeslee 1948). Subsequently a range of organochloride and 
organophosphorous insecticides (Goulding, Curran and Labrecque 1953; Labrecque and 
Goulding 1954; Clements and Rogers 1968; Fox, Rivera and Umpierre 1968; Kline, 
Wood, Roberts and Baldwin 1985) and insect growth regulators (Takahashi, Yagi and 
Hattori 1985) have been laboratory and field tested for the control of intertidal biting 
midge larvae. Environmental concerns relating to the side effects of larvicidal treatments 
(e.g. Wall and Doane 1965; Wall and Marganian 1971), the possibility of resistance 
developing in midge populations (Smith, Davis, Weidhaas and Seabrook 1959) and the 
problems and expense of treating large areas such as mangroves has meant that with 
current technology, chemical control is not regarded as a satisfactory method for 
controlling intertidal midge populations (Linley 1976; Whelan etal. 1996). 

1.10.2 - Modification of the larval habitat 

Habitat modification has many advantages over chemical control, including the 
possibility of providing a permanent solution to the midge problem in an area. The 
commonest approach to habitat modification in intertidal areas involves the building of a 
bund wall seaward of a larval habitat and flooding or infilling the area landward of the 
bund, so destroying the larval habitat. The impoundment and flooding of mangroves and 
saltmarshes was first undertaken in Florida in the 1950's for the control of saltmarsh 
mosquitoes and was found to also reduce C. furens breeding by about 95% (Rogers 
1962; MacLaren, Hawkins, Murdoch and Bush 1967). The flooding or infilling of a 
mangrove or saltmarsh profoundly changes the ecology of the area (Linley 1976). This is 
generally regarded as being environmentally undesirable and has become difficult to 
implement with the extension of wetland and fish habitat reserves (Reye 1990b). 
According to Whelan etal. (1996) this method is probably only practical where larval 
habitats are small and localised, and where there are small tidal ranges. The 
modification of a larval habitat can remove one pest species but inadvertently create 
conditions suitable for another. This occurred in Jamaica where the filling of coastal 
swamps with sand eliminated C. furens which was replaced by an even greater pest 
midge Leptoconops becquaerti Kieffer (Kettle 1962). 
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1.10.3 - Chemical control of adults 

Methods for the application of aerosols aimed at flying insects such as mosquitoes are 
well established and can be effective for the control of biting midges (Haile, Kline, 
Reinert and Biery 1984). Potential problems with the use of aerosols include rapid 
reinfestation from untreated areas (Travis 1949; Bruce and Blakeslee 1948; Rees 1958), 
the effect on non-target organisms (Pierce, Brown, Hardman, Henry, Palmer, Miller and 
Wichterman 1989), the development of resistance in the midges, and the problems and 
expense of application in mangrove habitats. Aerial application allows large areas to be 
treated but is expensive and has potential problems such as aerosol drift near residential 
areas and ineffectiveness in windy conditions (Whelan et al. 1996). The ground 
application of aerosols is only effective over a limited distance (e.g. 20 m Linley, 
Parsons and Winner 1987) and there can be major problems with access to mangrove 
areas (Whelan et al. 1996). Routine fogging with aerosols probably renders poor control 
for the cost involved (Linley and Davies 1971) and in relation to mangrove habitats is 
unlikely to achieve a significant reduction in pest numbers in areas where there are high 
numbers of biting midges (Whelan et al. 1996). 

1.10.4— Biting midge buffer zones 

Buffer zones between midge breeding sites and urban populations potentially provide a 
simple and permanent solution to biting midge problems. The effectiveness of a buffer 
zone is dependent on its width, the nature of the vegetation within the buffer and the 
dispersal characteristics of the pest midge species (Liehne 1985). Disadvantages with 
the use of buffer zones include the loss of potentially valuable land for development 
purposes and the need to allow for buffer zones in the planning stage of an urban 
development. A 1.6 km wide buffer zone of open forest between the mangrove margin 
and urban residential development was incorporated into the initial development plans 
for Darwin's satellite city of Palmerston (Whelan, Davis and Hodder 1979). This buffer 
zone has proven to be been largely successful in that the pest problem is minimal in 
most residential areas of Palmerston, although occasional midge problems do occur 
(Liehne 1985; Whelan et al. 1996). Buffer zones can also be created by using landfill to 
reclaim mangrove areas, as was done in the upper reaches of a tributary of the 
Elizabeth River near Palmerston (Whelan 1991a, 1996). The modification of buffer 
zones to include semi-rural developments, wind belts and arterial roads has been 
suggested as a way of increasing their effectiveness and possibly decreasing their width 
(Liehne 1985; Whelan et al. 1996). 
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1.10.5 - Household and personal protection 

Personal protection can be achieved through the use of commercial insect repellents; 
the wearing of long trousers and long sleeved shirts; and the avoidance of exposure at 
times and in places where midges occur in high numbers. Household protection can be 
achieved through the use of fine meshed screens on windows and doors; ventilation, 
either natural or by the use of fans; repellents such as mosquito coils; the removal of 
midge harbourages around the house such as dense well watered vegetation; and 
possibly by the use of diversionary lights and animal hosts (Reye 1995; Whelan 
etal. 1996). 

1.11 - Thesis questions and structure 

So that an accurate assessment could be made of the potential for controlling C. ornatus 
immatures prior to their dispersing from their larval habitats, an attempt was made to 
gain a detailed understanding of the distribution and larval biology of this species. The 
work described in this thesis addresses the following questions: 

What is the larval habitat of C. ornatus in mangroves near Darwin? 
What is the seasonal pattern of abundance of immatures? 

What is the mechanism that synchronises the fortnightly emergence cycle in 
C. ornatus populations? 

What is the best way to predict the location of larval habitats in an area? 
What is the most appropriate control strategy for C. ornatus? 
What other species of Culicoides have larval habitats within the mangrove forests 

near Darwin and what is their pest potential? 

This thesis comprises seven chapters. Chapter 1 is a general introduction to the project 
together with a review of the biology of intertidal biting midges. Chapter 2 introduces 
emergence trap design and use, and describes the dry season distribution of larval 
habitats along a small tidal creek. Chapter 3 deals with seasonal changes in the 
distribution and abundance of immatures, as well as examining the occurrence of 
immatures in a number of other areas including both tidal creeks and foreshore habitats. 
The mechanism controlling the synchronisation of the fortnightly emergence cycle is 
discussed in chapter 4. Chapter 5 deals with the relationship between emergence and 
adult activity within the mangrove forest and how this relates to biting activity. Chapter 6 
summarises the information gathered on the other species of Culicoides which were 
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found within the mangrove forest and discusses resource partitioning by mangrove 

inhabiting Culicoides. Finally, chapter 7 is a general discussion of the significant findings 

of this investigation and its relevance for pest management issues. 
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CHAPTER 2 - EMERGENCE TRAP METHODOLOGY AND THE DRY SEASON 
DISTRIBUTION OF EMERGENCE SITES IN A TIDAL CREEK 

2.1 - Introduction 

Although the larval habitat of C. ornafus has been identified on the east coast of 
Australia (Reye 1992) attempts to locate larval sites near Darwin have been 
unsuccessful (Liehne 1985; Whelan at al. 1988). As the presence of emerging adults 
usually provides a good indication of the presence of larvae (Reye, pers. comm.), 
emergence trapping was undertaken to identify the specific location of C. ornatus 
emergence sites and probable larval habitats within mangroves in the Darwin South 
area. Lightweight, portable emergence traps were designed for this purpose and their 
construction and use is described below. As previous studies indicated that the larval 
habitats of C. ornatus were associated with narrow tidal creeks (Reye and Lee 1961; 
Reye 1992), a small tidal creek was selected for intensive study, and emergence sites 
identified, characterised and mapped in detail along its length. To verify whether 
emergence provides a good indication of the presence of larvae, immatures were 
extracted from mud samples taken from one emergence site and reared to adulthood for 
identification. 

2.2 - Emergence trap design and use 

A range of emergence trap designs have been used in biting midge research (Davies 
1966; Braverman 1970; Pajor 1987). For the present study a trap that was lightweight, 
portable, and cheap and easy to construct was required. The intertidal nature of the 
mangrove habitat required that the trap withstand regular submersion by the tide. A tent-
type trap fitting these requirements has been used extensively by Reye (pers. comm.) 
for work on intertidal Culicoides spp., and it provided the basis for the design of the traps 
used in this study. The main difference between the designs was that the Reye trap is 
supported by four external aluminium poles, while the traps used in this study had a 
single internal support of PVC pipe. The trap consisted of a pyramid shaped tent of fine-
meshed terylene gauze with a collection container mounted at its apex. Each corner of 
the trap was pegged to the ground and the whole structure supported by an internal 
pole. The trap and collection container are illustrated in plate 2.1. 

Each of the four triangular sides of the tent measured 71 cm x 90 cm x 90 cm, with the 
71 cm square base giving an area of coverage of 0.5 m2. A 10 cm wide skirt of terylene 
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Plate 2.1a - Emergence trap in the Sonneratia zone at a foreshore site. 

Plate 2.1b - Collection container from an emergence trap with various Diptera 
caught in situ. 
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extended out from the bottom edge of the tent to help seal the tent to the mud surface. 
The collection container was an inverted, clear plastic specimen container 4.5 cm in 
diameter and coated on the inside with a thin film of castor oil. The collection container 
was mounted on top of a 4 cm length of 4.5 cm diameter PVC pipe. The top of the 
terylene tent was attached to the outside of the PVC pipe with an adjustable metal band 
and the upper end of the support pole was screwed to the inside of the PVC pipe. The 
support pole consisted of two 55 cm lengths of 2 cm diameter PVC pipe joined together 
by a press fitting PVC collar. 

In the field, traps were pegged at each corner, and the gauze skirt around the bottom 
edge of the tent was covered with mud to seal it to the substrate surface. Any mangrove 
pneumatophores under the skirt were cut off at ground level to help maintain the skirt's 
contact with the mud surface. Insects emerging inside the trap moved upwards into the 
collection container and became stuck in its castor oil film. When submerged by the tide, 
the collection container trapped a pocket of air and consequently the catch was not 
damaged. In multiday trials collection containers were replaced with fresh ones daily. 
Midges caught in the castor oil film were removed with a fine needle, placed in a dilute 
detergent solution for a few minutes to remove the oil and then transferred to 70% 
alcohol for examination and storage. 

2.3 - Interpreting emergence trap catch data 

2.3.1 - Location of emergence sites 

Although emergence traps are usually used to identify the larval habitats of Culicoides 
species (e.g. Pajor 1987), the presence of newly emerged adult midges in an 
emergence trap only indicates that pupae were present at the site. If late instar larvae 
move from the larval habitat before pupation or if pupae move prior to emergence, then 
emergence trapping will not necessarily identify the larval habitat of a species. For 
example, Edwards (1989) found that pupae of C. subimmaculatus had a slightly higher 
vertical distribution in the intertidal zone than that of the larvae. Hagan (1986) found 
evidence that larvae of two intertidal species of Culicoides become free-swimming when 
covered by the tide, and Edwards, Kettle and Barnes (1987) suggested that this 
behaviour could be related to their moving to the shoreline to pupate, as has been 
described for the freshwater species C. variipennis (Vaughan and Turner 1987). Dyce 
and Murray (1966) mentioned that it is common for Culicoides species to have pupae 
which rise from the substrate to the water surface and remain floating at the surface 
where they are dispersed by air and water movements. The possibility that larvae or 
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pupae move from the larval habitat prior to emergence, means that the extraction and 
identification of larvae from substrate samples taken from the emergence trap site is 
necessary to confirm whether the emergence site is also a larval habitat. 

2.3.2 - Temporal patterns of emergence 

Besides determining the exact location of emergence sites, emergence traps can be 
used to provide information on the pattern of emergence over time. In the current study 
daily, fortnightly and seasonal patterns of emergence were investigated and their 
relationship to environmental factors such as the tidal and lunar cycles and seasonal 
changes in climate were examined. 

Identification of the time of day that emergence occurs is complicated by the fact that the 
capture of adults in the collection container of an emergence trap does not necessarily 
immediately follow their emergence from pupae in the substrate. If collection containers 
are changed at the same time every day, then the midges caught can reasonably be 
expected to have emerged in the previous 24 hr. This assumes that emerging midges 
do not rest on the substrate or sides of the trap for periods greater than 24 hr. This is not 
an issue if the trap is submerged by a rising tide, as this would force any adults within 
the trap up into the collection container. Determining the time of day that emergence 
occurs requires clearing emergence traps more frequently than every 24 hr, and in this 
situation the lag in time between actual emergence and the time of capture in the 
collection container becomes an important consideration for accurate interpretation of 
trap catch data. Seasonal and fortnightly patterns of emergence will be discussed in 
detail in chapters 3 and 4 respectively. Attempts to determine the time of day of both 
actual emergence and capture in the collection container of an emergence trap are 
discussed below. 

2.3.3 - Time of day of capture 

Introduction 

Knowledge of the pattern of capture of midges throughout the day in an emergence trap 
is helpful for the design of sampling regimes and the interpretation of trap results. It is 
also necessary for determining the actual time of emergence of the adults from their 
pupae in the mud surface. 
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Methods 

Rate of capture throughout a 24 hr period was determined by replacing emergence trap 
collection containers at intervals throughout the day and recording the number of midges 
caught for each sampling period. Two trials were undertaken (24th July 1996 and 8th 
August 1996) along transect G, a productive emergence site in the upper reaches of 
Creek B, a small tidal tributary on the east side of Sadgroves Creek. On each occasion a 
transect of five emergence traps (B to F) was placed across the main emergence area 
on the creekbank. Collection containers were replaced at varying intervals throughout 
the day as detailed in table 2.1, with sampling concentrated around sunset. Traps were 
in position for at least 24 hr prior to each trial. 

Results 

The numbers of adult C. ornatus caught in each trap for each sampling period are given 
in table 2.1, along with the total number caught for each sampling period as a 
percentage of the total number caught in the trial. In the first trial, 85% of the total catch 
was caught between one hour before and one hour after sunset, while the remaining 
15% were caught throughout the night. In the second trial, 88% of the total catch was 
recorded in the first hour after sunset, 4% in the next hour, and the remainder by 2 pm 
the next day. 

Discussion 

The results for both trials were similar, with the majority of midges being caught around 
sunset. Astronomical twilight in Darwin varies from 1 hr 10 min in March to 1 hr 16 mm 
in July and 1 hr 19 min in January. In the second trial, the one hour sampling period that 
recorded 88% of the total trial's catch, occurred predominantly during the twilight period 
after sunset. As crepuscular activity cycles are common in Culicoides species (Linley 
1976), the relationship between twilight and a large trap catch suggests that either adult 
emergence from the pupa is a crepuscular activity, or that increased flight activity 
around dusk caused midges already in the lower part of the trap (that had emerged 
earlier in the day) to move upwards into the collection container and become trapped. If 
the latter idea is true, then time of capture cannot be used as an indication of the time of 
emergence, and emergence must have occurred prior to dusk. If emergence did occur 
prior to sunset, then it is likely that it occurred after sunrise, as few adults were caught in 
the sampling periods that included morning twilight. Crepuscular activity around dawn 
should have caused any midges present in the trap (that had 
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Table 2.1 - Number of C. ornatus caught throughout the day in emergence traps 
during two trials in the dry season of 1996. 

Trial 1 - 24th to 25th July 1996 (sunset 18:38, sunrise 7:07) 

Time out 17:40 - 19:40 19:40 -21:40 21:40 - 23:40 23:40 - 6:40 6:40 - 8:40 

Hours 2 hr 2 hr 2 hr 7 hr 2 hr 

Number 
caught 189 12 10 11 0 

% of total 
catch 85% 5% 5% 5% 0% 

Trial 2— 8th to 9th August 1996 (sunset 18:41, sunrise 7:03) 

Time out 12:00 - 17:40 17:40 - 18:40 18:40 - 19:40 19:40 - 20:40 20:40 - 14:00 

Hours 5.7 hr 1 hr 1 hr 1 hr 17.3 hr 

Number 
caught 0 0 94 4 9 

% of total 
catch 0% 0% 88% 4% 8% 
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emerged the previous night) to have become caught in the collection container. The 

issue of the time of day of emergence is further addressed below. 

2.3.4 - Time of day of emergence 

Introduction 

Emergence traps can indicate the time of day of capture of midges, but this is not 

necessarily the same as the actual time of emergence. Previous work indicated that 

most C. ornatus adults were captured in the collection containers of emergence traps 

around dusk, due either to crepuscular flight activity of previously emerged adults, or to 

emergence being a crepuscular activity (section 2.3.3). On a number of occasions 

during the course of this project it was observed that if emergence traps were set up 

shortly before sunset, then few if any midges would be caught over the next 24 hr, even 

at locations and on days that were optimal for a large catch. This was possibly due to 

emergence occurring prior to the traps being erected. An investigation was undertaken 

to determine whether emergence was occurring at dusk or earlier in the day. 

Methods 

Emergence traps were erected at varying times prior to sunset and the subsequent 

catch compared with the mean catch obtained from four control traps which had been 

standing for the entire period of daylight. Trials were undertaken on five occasions over 

three consecutive neap tide periods, all at a site and on days when a large catch of 
C. ornatus adults was expected. Transect G, a known emergence site on Creek B was 

used for the trials. The numbers of midges caught in the test traps (relative to the 

controls) was compared to the length of time that the test traps had been exposed to 

daylight (relative to the controls). As most C. ornatus adults appear to emerge during the 

period of light between sunrise and the end of twilight after sunset (see section 2.3.3), 

this was taken as the period of exposure to daylight of the control traps. The equivalent 

period for the test traps was from the time traps were set up, to the end of twilight after 

sunset. Twilight lasted approximately 0.75 hr. As traps could not be erected during the 

middle of the day due to the high tides that occurred at this time, the exposure periods of 

the test traps were limited, the maximum being for 3.8 hr. 
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Results 

The length of time the traps had been exposed to daylight, along with the numbers of 
C. ornatus caught are given in table 2.2 for both the test traps and controls. The greatest 
numbers of adults were caught in the test traps that had the greatest exposure to 
daylight (figure 2.1). 

Discussion 

The low catches recorded by emergence traps that were erected just prior to sunset 
indicate that emergence is not a crepuscular activity. Consequently it appears that 
midges must emerge during the day, rest in the lower part of the trap or on the mud 
surface and move up into the collection container at the top of the trap at dusk, 
presumably due to crepuscular flight activity at this time. The positive linear relationship 
between trap exposure to daylight and trap catch indicates that for the period of day 
sampled (i.e. afternoon) emergence was occurring at a constant rate. The slope of the 
regression line (1.03) indicates that if this rate was maintained throughout the day it 
would account for the total daily emergence observed in the controls. Although this 
suggests that emergence might be occurring constantly throughout the day and 
consequently that there are no pronounced peaks in emergence activity at specific times 
during the day, extrapolation based on such a small data set is unwise. 

The limited sampling regime did not allow for an examination of possible fluctuations in 
the pattern of emergence throughout the day, such as might be expected from 
submergence of the substrate by the tide, or from the occurrence of a specific 
emergence peak during some part of the day. Emergence peaks in the morning have 
been recorded in other intertidal ceratopogonid species. In a laboratory study of 
C. furens, 73% of adults emerged between 07:00 hr and 11:00 hr, while none emerged 
in darkness (Linley 1966a). In a similar experiment with Leptoconops becquaerti, 71% of 
adults emerged between 03:00 hr and 07:00 hr, and none between 19:00 hr and 
03:00 hr (Linley 1968a). From the results presented here, C. ornatus is similar to 
C. furens, emerging during the daytime. In a field study using similar emergence traps to 
those used here, Reye (1993) caught 86% of adult C. ornatus between 16:00 hr and 
09:00 hr, a period that would have included dusk. This result is in accordance with the 
findings presented here and is an indication of the time of capture of the midges, not 
their time of emergence. As traps are usually erected during daylight hours, the number 
of midges caught on the first day of sampling will be an underestimate of the full number 
of midges emerging on that day. 
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Table 2.2 - Emergence trap catch of C. ornatus and period of exposure to 
daylight. Values for the controls are the means of four traps; values for the test traps 
are for a single trap. 

Exposure to daylight (hrs) Number adults caught 

date (test trap) (control) (test trap) (control) 

26.8.96 1.1 12.6 4 81 

8.9.96 1.8 12.7 2 20 

9.9.96 1.5 12.7 2 49 

22.9.96 3.8 12.9 16 56 

23.9.96 3.8 12.9 11 56 
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Figure 2.1 - Emergence trap catch of C. ornatus relative to period of exposure to 
daylight. Each data point represents the result of a separate trial in which the catch of a 
single test trap was compared to the mean of four control traps. The data points were 
calculated from table 2.2. 
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2.4 - The dry season distribution of emergence sites in a small tidal creek 

Emergence trapping was undertaken along the length of a small tidal tributary of 
Sadgroves Creek in the late dry season of 1995 to identify C. ornatus emergence sites 
and to map their distribution along the length of the creekline (section 2.4.1). To try to 
understand the determinants of the distribution patterns observed, the relationships 
between the presence of emerging adults, the appearance of the substrate surface and 
the vegetation structure along the creekline were examined (sections 2.4.2 and 2.4.3). 
An emergence site was verified as a larval habitat by the direct extraction of immatures 
from surface mud samples. The pattern of distribution of the various larval instars and 
pupae was also determined (section 2.4.4). 

2.4.1 - Distribution of emergence sites along the creekline 

Introduction 

Previous studies have associated C. ornatus adults with mangrove creeks (Reye and 
Lee 1961; Reye 1964) and Reye (1992) determined that larval habitats occurred around 
Mean High Water Neap (MHWN) in areas with little or no wave or current action on the 
surface, such as creeklets, dead ends of creeks and cut off meanders. To gain more 
detailed information on the distribution of C. ornatus emergence sites, an intensive 
emergence trapping program was undertaken along a small tidal tributary of 
Sadgroves Creek in the rnangroves of the Darwin South area. 

Methods 

The terms invert and productivity are used in the following context - the invert of a creek 
refers to the lowest part of the centre channel of the creekline; productivity refers to the 
density of C. ornatus adults emerging from the mud surface. Emergence traps were set 
in transects perpendicular to the creekline at 16 sites along the length of Creek B, a 
small tidal tributary on the eastern side of Sadgroves Creek (plate 2.2). Creek B was 
lined by a pronounced creekbank forest up to the limit of penetration of MHWN along the 
invert of the creekline, after which the creekbank forest canopy rapidly decreased in 
height and became less dense. Creek B received little freshwater inflow from the 
hinterland in the wet season except for surface sheetflow during downpours. Transect 
sites were distributed along most of the length of Creek B, with trapping concentrated in 
the upstream reaches. The tidal elevation of the invert of the creek at each transect site 
was determined by tide height meters (Reye 1991), used in conjunction with the tide 
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Plate 22 - Aerial photograph of Creek B with emergence trap transects marked. 
See plate 1.2 for locality map. 
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heights recorded by the Power and Water Authority's Tide Recording Facility, situated 
nearby at Darwin's Stokes Hill Wharf. 

Emergence trapping was undertaken at two sites every neap tide period from the 7th 
July 1995 to the 31st October 1995. A particularly productive site (transect G) was 
sampled twice during this period and subsequently used as a long term study site (see 
section 3.2). Each transect consisted of five emergence traps in an approximately 
straight line, extending from the open mud below the creekbank vegetation line to the 
middle or back of the creekbank forest. Where possible the middle trap was placed at 
about the edge of the vegetation line. The exact placement of traps along each transect 
varied and was determined by the availability of spots suitable to locate a trap. Traps 
were erected before the estimated start of the fortnightly emergence peak, and then 
emptied daily until the emergence peak had past. Traps were usually erected 3 days 
before the neap tide (N-3), although on occasions they were set up on N-2 or N-i. The 
average sampling period was 9 days but ranged from 6 to 14 days. 

Results 

The longitudinal profile of the invert of Creek B is given in figure 2.2, along with the 
location of transect sites along the creekline. Mean Low Water Neap (MLWN) and 
MHWN for Darwin are 3.2 m ACD and 5.0 m ACD respectively (Australian National Tide 
Tables 1998). The total number of C. ornatus males and females caught in the five 
emergence traps of each transect are given in table 2.3, along with the tidal elevation of 
the invert of the creekline at each site. The total number of adults caught per transect is 
plotted against transect distribution along the creekline in figure 2.3. Individual trap 
catches for each transect are plotted against tidal elevation in figure 2.4. The distribution 
of individual traps is illustrated in figure 2.5 for all but the two most downstream 
transects (A and B). Tidal contours are also given, along with individual trap catches 
(scaled from 1 to 4). All transects sampled produced some C. ornatus adults, although 
the catch at the two most downstream locations (transects A and B) was very small 
compared to the other areas sampled. The greatest numbers of adults were caught in 
the transects from D to L. The greatest individual trap catches occurred approximately 
between the 5.0 m ACD and 5.5 m ACD tidal contours which coincided with the edge of 
the vegetation line on the creekbank in this area. At transect D the elevation of the invert 
was equal to MLWN, while transect L was just downstream of the upstream limit of 
penetration of MHWN along the invert of the creekline. Transect L was also situated at 
the upstream limit of where there was a pronounced creekbank forest. Upstream of site 
L there was a noticeable but gradual decline in trap catches. 

33 



7 

E 
I— 
uJ > 
z 
U.- 
0 
z4 
0 
I— 
> W3 -J 
w 
-J 
0 

P 

E  

DISTANCE UPSTREAM FROM TRANSECT A (m) 

Figure 2.2 - Longitudinal profile of the invert of Creek B with the location of 
emergence trap transects. Transects H and K were at the same elevations as 
transects G and J respectively and so are not illustrated. 
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Figure 2.3 - The total emergence trap catch of C. ornatus for the five traps of 
each transect along Creek B, in the dry season of 1995. 
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Table 2.3 - Numbers of C. omatus caught in emergence traps at transect sites 

along Creek B, in the dry season of 1995. Numbers are the total catch of the five 

emergence traps of each transect over a complete emergence cycle (mean sampling 

period 9 days). 

Transect Tidal elevation of 
invert (m ACD) 

Sampling dates Number 
males 

Number 
females 

Total 
number 

A 1.86 22.vii.95 - 31 .vii.95 2 3 5 

B 2.64 22.vii.95 - 27.vii.95 0 8 8 

C 3.13 7.vii.95 — 13.vii.95 16 41 57 

D 3.60 18.viii.95 — 27.viii.95 64 64 128 

E 3.70 7.vii.95 — 13.vii.95 55 112 167 

F 3.76 31.x.95 — 7.xi.95 86 85 171 

G 3.97 4.vih.95— 17.viii.95 271 198 469 

G2 3.97 2.ix.95 - 10.ix.95 189 171 360 

H 3.97 16.x.95 — 23.x.95 144 112 256 

3.99 18.viii.95 — 27.viii.95 81 67 148 

J 4.05 16.ix.95 — 25.ix.95 81 85 166 

K 4.05 30.ix.95 — 9.x.95 67 47 114 

L 4.22 4.viii.95 — 17.viii.95 93 65 158 

M 5.11 16.ix.95 — 25.ix.95 43 49 92 

N 5.32 30.ix.95 - 9.x.95 50 37 87 

0 5.47 16.x.95 — 23.x.95 65 43 108 

P 5.81 31.x.95 — 7.xi.95 27 21 48 

Total 1,334 1,208 2,542 

Total (%) 52% 48% 
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Figure 2.4 - Individual emergence trap catches of C. ornatus and tidal 
elevations, for all transects sampled along Creek B, in the dry season of 1995. 
Columns are the number of adult C. ornatus caught emerging per trap over a 
complete emergence cycle; transects A and B are given together in the first graph; 
see figure 2.2 for transect distribution along the creekline. 
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Discussion 

Between the most downstream and upstream transects sampled, Creek B could be 
divided into three zones based on the productivity of emerging C. ornatus adults (table 
2.4). These zones coincided with areas where the structure of the tidal creek and the 
associated creekbank forest differed and they could also be delineated by the elevation 
of the invert of the creekline in each area. 

Table 2.4 - Summary of C. ornatus emergence zones in Creek B. Productivity is the 
mean number emerging per trap per emergence cycle. Elevation of the invert is given 
relative to Mean Low Water Neap (MLWN) and Mean High Water Neap (MHWN). 

Downstream zone Middle zone Upstream zone 

Productivity 

Elevation of invert 

Creekbank forest 

Creekbank 

Vegetation line 

Low 
(1 t02) 

Below MLWN 

Moderate to high 
(25 to 100) 

Between MLWN 
and MHWN 

Low to moderate 
(10 to 20) 

Above MHWN 

Short, sparse 
canopy 

Irregular, flat 

Irregular 

Tall, dense canopy Tall, dense canopy 

Wide, open Narrow, sheltered 

Discrete Irregular 

The first zone occurred downstream of the approximate limit of penetration of MLWN 
along the invert of the creekline and had very low productivity (approximately I or 2 
adults per trap per emergence cycle). This section of the creek had a creekbank forest 
with a tall, dense canopy of Bruguiera, Rhizophora and the occasional Avicennia, a 
discrete vegetation line of Camptosfemon and Rhizophora along the creekbanks, and 
creekbanks that were generally wide, open expanses of bare mud (plate 2.3a). The 
second or middle zone occurred between the limits of penetration of MLWN and MHWN 
along the invert of the creekline and had moderate to high productivity (approximately 25 
to 100 adults per trap per emergence cycle). The creekbank forest was still tall and 
dense, but the creekbank was narrower, the vegetation line less discrete and the creek 
sheltered by the surrounding forest (plate 2.3b). The third or upstream zone occurred 
above the limit of penetration of MHWN along the invert of the creekline. It was an area 
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Plate 2.4 - Upstream zone of Creek B. 
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of low to moderate productivity (approximately 10 to 20 adults per trap per emergence 
cycle) and was structurally quite different from the other zones. The creekbank forest 
here was much less pronounced, the canopy being lower and less dense. The channel 
of the creek was much diminished with no defined creekbanks, although patches of bare 
mud did occur occasionally along the creekline (plate 2.4). 

Between the downstream and middle zones there was a marked increase in C. orn atus 
productivity. The only major differences observed between these two zones were related 
to the appearance of the mud surface and the narrower, more sheltered nature of the 
creek in the middle zone. The tidal regimes that traps were exposed to and the height 
and density of the creekbank forest did not differ between the two zones. Detailed 
accounts of the appearance of the mud surface and mangrove species distributions are 
given in sections 2.4.2 and 2.4.3 respectively. As the limit of penetration of MLWN along 
the invert of the creekline occurred near the transition from the low productivity 
downstream zone to the highly productive middle zone, it provided an indication of the 
approximate downstream limit of high midge productivity in Creek B. 

Although there was a marked decrease in productivity between the middle and upstream 
zones, the upstream zone still produced substantial numbers of C. ornatus adults. Being 
entirely above MHWN, traps in the upstream zone were generally at higher tidal 
elevations than those of the middle zone. During the neap tide part of the fortnightly tidal 
cycle, the mud surface above MHWN is constantly exposed to air and so tends to dry 
out. This is in contrast to the mud surface below MHWN which is wetted at least once a 
day by the tide during this period. Consequently, the mud surface of the upstream zone 
tends to be drier than that of the middle zone during the period when emergence occurs. 
The sparser creekbank forest canopy (and consequently less shade) of the upstream 
zone also contributes to this trend. The lower emergence of the upstream zone was 
possibly related to the greater drying out of the substrate that occurs in this area. The 
relationship between tidal elevation and emergence will be examined in detail in section 
2.4.2. The variation in suitability of these areas as C. ornatus habitats could also be 
related to differences in the structure of the creekbank forest between them. For 
instance the denser, shadier vegetation of the middle zone might make this area more 
attractive as a harbourage for adults (especially gravid females resting prior to 
oviposition) than the upstream zone and consequently this could account for the 
difference in productivity of the two areas. 

The finding of significant numbers of emerging adults in the upper reaches of Creek B, 
verified suggestions of previous workers that mangrove creeks and in particular their 
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upper reaches, are areas of significant C. ornatus productivity within mangroves (Reye 
and Lee 1961; Liehne 1985). The three zones of C. ornatus productivity described above 
can be distinguished on the basis of creekbank and creekbank forest structure and by 
the tidal elevation of the invert of the creek in each area, as summarised in table 2.4. If 
the C. ornatus distribution pattern seen in Creek B is applicable to other tidal creeks, 
then the identification of areas of likely C. ornatus productivity along a creekline could be 
simply achieved by visual inspection of the creek and the creekbank forest. The 
determination of MLWN and MHWN along the invert of the creekline would provide an 
additional indication of the location of emergence sites. The limit of penetration of 
MHWN along the invert of Creek B was conspicuous, as the invert gained elevation very 
rapidly just prior to this point (see figure 2.2). The topography and forest structure of 
Creek B was typical of most of the small tidal creeks of the study area. 

2.4.2 - Characteristics of the emergence microhabitat 

Introduction 

The larval habitat of C. ornatus was described by Reye (1992) as being just below 
MHWN, in areas of slow water flow and associated with both crab burrows and the 
River Mangrove, Aegiceras corniculatum. This information was gained primarily through 
emergence trapping (Reye, pers. comm.). With the exception of tidal elevation, none of 
the habitat characteristics mentioned above have been associated with emergence in 
quantitative studies. During the longitudinal study of Creek B described in section 2.4.1 
an accurate indication was gained of the distribution of C. ornatus emergence sites 
along the creekline and this was related to creek topography and vegetation structure. 
Data describing the structure of the mud surface at each trap site were also recorded to 
help characterise the C. ornatus emergence microhabitat and this is described below. 

Methods 

At each emergence trap site used in the longitudinal study of Creek B, six characteristics 
of the microhabitat were recorded - tidal elevation, density of Avicennia 
pneumatophores, density of Bruguiera pneumatophores, density of animal burrows 
greater than 0.5 cm diameter, density of mangrove seedlings and amount of 
decomposing organic matter in the mud surface. Tidal elevation was determined with 
tide height meters as described in section 2.4.1. The number of pneumatophores, 
burrows and seedlings were counted within the 0.5 m2  covered by each trap. Mangroves 
were regarded as seedlings if less than 0.5 m tall. Seedlings were not identified to 
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species. The amount of decomposing organic matter visible on, or incorporated in, the 
mud surface was subjectively scored on a 0 to 3 scale with 0 representing no visible 
organic matter and 3 representing a high component of decomposing leaves, twigs, etc. 

The distribution patterns of each of the microhabitat characteristics that were recorded, 
were determined against tidal elevation for each of the three zones of C. omatus 
productivity identified in section 2.4.1 (i.e. downstream, middle and upstream zones). 
The relationships between the number of emerging adults and each of the microhabitat 
characters were similarly examined by correlation. Due to the low number of sample 
sites in the downstream zone (10), correlation coefficients were not calculated for this 
area. 

Results 

Distribution patterns of the microhabitat characters studied 

In the downstream and middle zones, the creekbank forest generally occurred between 
about the 5 m ACD and 6 m ACD tidal elevations. Below the creekbank forest was the 
open mud of the creekbanks and behind the creekbank forest was the transitional zone 
at the start of the tidal flats. For the middle zone, where most C. ornatus emergence was 
recorded, most of the microhabitat characters displayed distinct zonation patterns 
relative to tidal elevation. Avicennia pneumatophore density was highest in a wide band 
across the open creekbank and extending just into the creekbank forest (figure 2.6); 
Bruguiera pneumatophores appeared a short way into the creekbank forest (about 5.4 m 
ACD) and gradually increased in density until around the 6.0 m ACD elevation, after 
which density remained high over the elevations sampled (figure 2.7); animal burrows 
occurred across the open creekbank (especially the lower part) and rapidly decreased in 
number within the creekbank forest (figure 2.8); seedlings were generally low in 
numbers throughout the tidal range examined, although a few trap sites well within the 
creekbank forest did have relatively high densities (figure 2.9). Surface organic matter 
was generally high both across the open creekbank and within the creekbank forest 
(figure 2.10). 

Microhabitat characters at sites in the upstream zone generally had similar distribution 
patterns relative to tidal elevation as seen in the middle zone. The greatest difference 
between zones was in surface organic matter which was lower in the upstream zone 
(figure 2.10). For the middle and upstream zones correlation coefficients and 
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Figure 2.6 - The distribution of Avicennia pneumatophores relative to tidal 

elevation along Creek B, in the dry season of 1995. Data points are means ± 1 

standard error, of all sites sampled within the interval ranges given on the X-axis. 
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Figure 2.7 - The distribution of Bruguiera pneumatophores relative to tidal 
elevation along Creek B, in the dry season of 1995. Data points are means ± 1 

standard error, of all sites sampled within the interval ranges given on the X-axis. 
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Table 2.5 - Correlations between substrate characteristics in the middle and 

upstream zones of Creek B, in the dry season of 1995. Correlation coefficients (r) are 

given above and significance levels (p) below, for each correlation. 

2 I- 0 0 
0. - 0. 

C) 

E2 Q)5 
>C1) 0.0 (1)0 E (1) -c, 

MIDDLE ZONE (n=55) 

Tidal elevation 

Animal burrow density 

Avicennia 
pneumatophore density 

Bruguiera 
pneumatophore density 

Surface organic matter 

-0.47 -0.44 0.67 -0.02 0.35 
<0.001 0.001 <0.001 0.88 0.01 

0.29 -0.30 -0.52 -0.24 
0.03 0.03 <0001 0.08 

-0.63 0.41 -0.12 
<0.001 0.002 0.39 

-0.08 049 
0.54 <0.001 

0.10 
0.48 

-0.45 -0.53 0.65 -0.22 -0.41 
0.05 0.02 0.002 0.36 0.07 

0.81 -0.81 0.50 0.18 
<0.001 <0.001 0.02 0.45 

-0.82 0.70 0.44 
<0.001 0.001 0.05 

-0.40 -0.27 
0.08 0.25 

0.53 
0.02 

UPSTREAM ZONE (n=20) 

Tidal elevation 

Animal burrow density 

Avicennia 
pneumatophore density 

Bruguiera 
pneumatophore density 

Surface organic matter 
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significance levels are given in table 2.5 for correlations between all the microhabitat 
characters. 

Three microhabitat characters displayed distinctly different distribution patterns in the 
downstream zone compared to the middle and upstream zones. Avicennia 
pneumatophore density, animal burrow density and surface organic matter were all 
recorded at very low levels on the open creekbanks of the downstream zone compared 
to both of the middle and upstream zones (plate 2.5). Avicennia pneumatophore density 
and surface organic matter did increase to levels comparable with the more upstream 
zones well within the creekbank forest of the downstream zone. Bruguiera 
pneumatophores were not recorded at any of the ten downstream trap sites, while 
seedling density was low, as found at the more upstream sites. 

Emergence relative to tidal elevation and microhabitat structure 

In the middle zone, most emergence occurred in a broad band between the 4.5 m ACD 
and 5.7 m ACD tidal elevations and was centred around 5.2 m ACD (figure 2.11). There 
were strong positive correlations between emergence and both Avicennia 
pneumatophore density (figure 2.12) and surface organic matter (figure 2.13). There 
was a strong negative correlation between emergence and Bruguiera pneumatophore 
density (figure 2.14). Neither animal burrow density nor seedling density were 
significantly correlated with emergence (figures 2.15 and 2.16). Correlation coefficients 
and significance levels are summarised in table 2.6. There was no difference in the 
distribution of emerging males and females relative to tidal elevation, in either the middle 
or upstream zones (figure 2.17). 

Emergence in the upstream zone was not significantly correlated with any of the 
microhabitat characters studied (table 2.6) and numbers emerging were generally lower 
than in the middle zone. For each of the six microhabitat characters studied, the levels of 
emergence in the upstream zone were fairly constant over the range of values recorded 
(figures 2.11 to 2.16). 

Sites in the downstream zone produced few emerging adults regardless of tidal 
elevation or microhabitat structure. Traps along transect C, which was intermediate in 
location between the downstream and middle zones, displayed an intermediate pattern 
with some traps producing levels of emergence similar to that of middle zone sites with 
similar microhabitat structure, and some trap sites producing little emergence regardless 
of microhabitat structure, as seen in the downstream sites. 
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Plate 2.5a - Mud surface at the edge of the vegetation line, at an C. ornatus 
emergence site in the middle zone of Creek B. 
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Plate 2.5b - Mud surface at the edge of the vegetation line, in the downstream 
zone of creek B. 
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Figure 2.11 - The distribution of emerging C. ornatus adults relative to tidal 

elevation along Creek B, in the dry season of 1995. Data points are means ± 1 

standard error, of all sites sampled within the interval ranges given on the X- axis. 
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points are means ± 1 standard error, of all sites sampled within the interval ranges given 
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Table 2.6 - Correlations between substrate characteristics and numbers of 

emerging C. ornatus in the middle and upstream zones of Creek B, in the dry 

season of 1995. NS, * and *** represent not significant, and probabilities of <005 and 

<0.001 respectively. 

Substrate character Middle Zone Upstream Zone 
(n=55) (n=20) 

Avicennia pneumatophore 0.55*** 0.15 NS 
density 

Bruguiera pneumatophore 0.45*** -0.08 NS 
density 

Surface organic matter 0.28* 0.07 NS 

Animal burrow density 0.06 NS 0.06 NS 

Seedling density -0.07 NS 0.05 NS 
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Figure 2.17 - The number of male and female C. ornatus emerging relative to tidal 
elevation at individual trap sites along Creek B, in the dry season of 1995. 
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Discussion 

Distribution patterns of the microhabitat characters studied 

The clear zonation of flora and fauna relative to tidal elevation is a well documented 
characteristic of mangroves (Hutchings and Saenger 1987). As the microhabitat 
characters examined in this study were closely linked to associated elements of the flora 
or fauna, it is not surprising that the microhabitat characters also showed distinct 
zonation patterns. Differences in the longitudinal distribution of some of these characters 
along the creekline was less expected as longitudinal zonation has rarely been reported 
in small tidal creeks. 

The open creekbanks of the middle zone were characterised by the presence of animal 
burrows, Avicennia pneumatophores and organic matter (decomposing vegetation) in 
the surface layer of mud. The distribution of both Avicennia and Bruguiera 
pneumatophores reflected the distribution of the parent plants (described in section 
2.4.3), with the start of the Bruguiera pneumatophore zone usually marking the upper 
limit of Avicennia pneumatophore distribution within the creekbank forest. Accordingly, 
these two microhabitat characters were strongly negatively correlated. High levels of 
surface organic matter were distributed across the upper creekbank and through most of 
the creekbank forest especially where Avicennia pneumatophore density was high. On 
the creekbank this was probably the result of fallen leaves becoming trapped between 
Avicennia pneumatophores rather than being removed from the site by tidal flow. Within 
the creekbank forest the presence of organic matter was probably due to the density of 
vegetation and consequent leaf fall that would occur in this area, as well as the trapping 
effect of Bruguiera pneumatophores. Seedlings were also distributed across the upper 
creekbank and through the creekbank forest. The only area where seedlings did not 
occur was close to the invert of the creek where water flow rates would have been very 
high and seedlings would have had difficulty establishing. 

Although there were differences in topography and forest structure between the middle 
and upstream zones, the distribution patterns of the microhabitat characters relative to 
tidal elevation were similar in the two areas. This suggests that tidal elevation, or a 
factor related to it such as inundation regime, is likely to be one of the main determinants 
of the microhabitat zonation patterns seen in these two areas. The only microhabitat 
characteristic that differed in distribution between the middle and upstream zones was 
surface organic matter which occurred in slightly lower levels at the upstream sites. This 
could be a consequence of the less dense forest canopy in the upstream zone producing 
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less litter fall and subsequently less organic matter, or the flatter surface topography 
allowing a greater rate of tidal flow which would be more effective in removing organic 
matter such as fallen leaves from the area 

The three microhabitat characteristics found typically on the open mudbank in the middle 
zone - animal burrows, Avicennia pneumatophores and organic matter, all occurred in 
much lower levels at similar elevations in the downstream zone (plate 2.5). The 
difference was great enough to allow for the separation of the two zones simply by 
visual inspection of the mud surface. If Avicennia pneumatophores trap organic matter 
then the low pneumatophore densities seen at the downstream sites would account for 
the low levels of organic matter observed, which in turn might be responsible for the low 
densities of animal burrows seen, as crabs feed on detritus and fallen leaves within 
mangroves (Jones 1984). Another difference between the downstream and more 
upstream zones was the complete lack of Bruguiera pneumatophores at the trap site 
above 5.7 m ACD in the downstream zone. This suggests a possible difference in forest 
structure between these parts of the creek, although too few sites were sampled in the 
downstream zone to make a definitive statement on the matter. Forest structure is 
examined in more detail in section 2.4.3. The low density and lack of zonation of 
seedlings in the downstream zone was similar to their distribution in the more upstream 
zones. 

Zonation of microhabitat characters occurred both parallel to the creekline (i.e. relative to 
tidal elevation) and longitudinally along the creekline (i.e. relative to distance upstream) 
and appeared to be primarily related to biotic (the distribution of flora and fauna) rather 
than abiotic (e.g. water flow rates) factors. The lower and middle reaches of the creek 
could be characterised by the structure of the mud surface of the creekbank i.e. a 
downstream zone with few burrows, Avicennia pneumatophores or organic matter and a 
middle zone with high levels of each of these characters. These two zones coincided 
with the low and high zones of C. ornatus productivity identified in section 2.4.1. As the 
surface mud is the primary habitat of C. ornatus larvae, these results suggest that the 
structure of the mud surface might be an important determinant of the distribution of 
C. ornatus larvae and consequently of emergence sites along Creek B. 

Emergence relative to tidal elevation and microhabitat structure 

In the highly productive middle zone of Creek B emergence occurred in a broad band 
across the creekbank and extended into the start of the creekbank forest. Greatest 
emergence was centred around the edge of the vegetation line at the top of the 



creekbank i.e. just above MHWN. Reye (1973, 1992, 1995) described the emergence 
habitat of C. ornatus on the east coast of Australia as occurring just below MHWN, 
although he found peak emergence above MHWN on occasion (Reye 1993). Avicennia 
pneumatophore density and surface organic matter were also significantly correlated 
with emergence in the middle zone. The association of Avicennia pneumatophores and 
surface organic matter with emerging C. ornatus adults suggests the possibility that 
Avicennia pneumatophores were trapping organic matter such as fallen leaves which 
then decomposed to provide a nutrient resource for micro-organisms and subsequently 
for higher trophic levels of the benthic ecosystem including C. omatus larvae. 

The negative correlation between the presence of Bruguiera pneumatophores and 
emerging C. ornatus was clearly due to their occupying separate but adjacent parts of 
the creekbank forest with little overlap. None of the more productive emergence traps 
(i.e. greater than forty C. ornatus adults per trap) were situated where there were any 
Bruguiera pneumatophores and consequently the start of the Bruguiera zone within the 
creekbank forest can be taken as the upper dry season limit of the main emergence 
zone. Neither animal burrow density nor seedling density were correlated with 
emergence. 

Reye (1992) describes the C. ornafus larval habitat on the east coast of Queensland as 
being in a crab tunnel complex 15 cm below the mud surface, but this was not verified in 
a quantitative study. Reye has on occasion had difficulty in finding larvae in this location 
at known emergence sites (Reye, pers. comm.) and some uncertainty exists as to the 
exact microhabitat of larvae at emergence sites. The lack of correlation between burrow 
density and emergence in this study suggests that animal burrows were not being used 
as a larval habitat in Creek B and this is supported by the results of the larval extraction 
study to be presented in section 2.4.4. 

In the upstream zone the most striking feature of emergence was its constant level 
irrespective of microhabitat conditions or tidal elevation. This was markedly different 
from the middle zone where emergence was strongly related to certain microhabitat 
conditions and tidal elevations. As the distribution of microhabitat characters relative to 
tidal elevation was similar in both zones, it appears that factors other than, or in addition 
to, microhabitat conditions were determining the levels and distribution of emergence in 
the two areas. For example, vegetation structure differed greatly between the two zones, 
with the distinct pattern of parallel zonation of the middle zone being far less marked in 
the upper zone. If vegetation structure is involved in oviposition site selection as 
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suggested in section 3.3, then this might account for the differences in the patterns of 
emergence seen in the two areas. 

2.4.3 - Distribution of mangrove species along the creekline 

introduction 

The distribution of C. ornafus emergence sites in Creek B was shown to be related to 
both forest structure (section 2.4.1) and microhabitat structure (section 2.4.2). As 
vegetation has a strong influence on the C. omatus microhabitat structure in mangroves 
(e.g. via root structuring of the mud and organic input due to litter fall), the forest 
structure of Creek B was examined to try to shed light on the nature of the relationship 
between vegetation, microhabitat, and emergence. Due to the strong correlation 
between the density of Avicennia marina pneumatophores and emergence, Avicennia 
distribution was examined in particular detail. Reye (1992) has suggested an association 
between C. ornatus larval habitats and the presence of Aegiceras corniculatum. 
Accordingly, the distribution of Aegiceras was also closely examined. 

Often the most conspicuous feature of mangrove forest structure is the zonation of tree 
species into predominantly monospecific bands parallel to the shoreline or creekline 
(Snedaker 1982). The parallel zonation patterns of creeks and foreshores in Darwin 
Harbour have been extensively described (Semeniuk 1985a; Woodroffe and Bardsley 
1988; Metcalfe 1993; Brocklehurst etal. 1995). Zonation along the length of large tidal 
rivers has also been described and is thought to be primarily related to the salinity 
gradient that occurs between the sea and the freshwater upstream reaches (Bunt, 
Williams and Clay 1982; Elsol and Saenger 1983). Longitudinal zonation in forest 
structure has not been reported in tidal creeks that do not have pronounced salinity 
gradients due to daily tidal flushing, although some individual mangrove species do have 
longitudinal preferences in their distribution in this type of creek e.g. Sonneratia a/ba 
(Woodroffe and Bardsley 1988), Aegialitis annulafa (Tomlinson 1986). 

riviWITSUIR 

Mangrove species distribution perpendicular to the creekline was recorded along the 
emergence trap transects A, B, G and P in Creek B (figure 2.2). Along each transect the 
zones occupied by the dominant mangrove species were mapped relative to both 
distance from the creekline and tidal elevation. Tidal elevation was determined with tide 
height meters (Reye 1991). Mangroves were identified to species with the exception of 
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Bruguiera, which was only identified to species if in flower. At seven emergence trap 
transects (A to G) the Avicennia pneumatophore density at the top of the creekbank was 
recorded, as well as the lower tidal elevation that Avicennia trees occurred and their 
distance from the edge of the vegetation line within the creekbank forest. 

Results 

The following species were recorded in Creek B: Aegialifis annulata R. Brown, 
Aegiceras corniculatum (L.) Blanco, Avicennia marina (Forsk.), Bruguiera exarisfata Ding 
Hou, Bruguiera parviflora Wight and Arnold, Camptostemon schultzll Masters, Ceriops 
decandra (Griff.) Ding Hou, Ceriops tagal (Perr.) C.B. Rob. var. australis C. White, 
Lumnitzera racemosa WilId. and Rhizophora stylosa Gruff. The landward margin of the 
mangroves was not extensively studied and it is likely that this area contained additional 
species. 

In Creek B the general mangrove zonation pattern parallel to the creekline consisted of 
the following zones from seaward to landward - 

a narrow band of Camptostemon and Rhizophora at the seaward edge of the 
creekbank forest; 

a Rhizophora and Bruguiera dominated creekbank forest; 
a transitional zone of Bruguiera and Ceriops tagal behind the creekbank forest; 
large monospecific stands of Ceriops tagal on the tidal flats; 
a narrow hinterland margin of Ceriops tagal and Lumnitzera. 

Within the creekbank forest Avicennia and Aegiceras were common but never dominant, 
while Aegialifis and Ceriops decandra were present but uncommon. In the upper 
reaches of the creek (transect P), the zonation was similar to that described above 
except that Camptostemon was not present. The tidal elevation ranges recorded for 
Camptostemon, Rhizophora and Bruguiera were characteristic of each species and fairly 
constant along the length of Creek B, while Ceriops tagal tended to occur at lower 
elevations with increasing distance upstream. Tidal elevation ranges of these species 
are given in table 2.7. Although there was little change in the tidal elevation range that 
Camptostemon occupied, there was a pronounced decrease in the size of individual 
trees with increasing distance upstream. This was in contrast to the general height of the 
creekbank forest which did not appear to change over this distance. At the most 
downstream site examined (transect A) the CamptostemonlRhizophora zone was 
dominated by Camptostemon with dense foliage to ground level. With distance 
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Table 2.7 - Tidal elevation ranges of the dominant mangrove species found along 

Creek B. All values are in metres ACD; the elevation of the landward limit of Ceriops 

was not calculated but was above Mean High Water Spring (MHWS), i.e. >6.9 m ACD; 

in transect P the lower limit of both Rhizophora and Bruguiera was the invert of the 

creekline. 

Transect A B G P 

Invert of the 1.9 2.6 3.6 5.8 
creekl i ne 

Camptostemon 4.7-5.2 4.4-5.2 4.7-5.2 - 

Rhizophora 4.7 - 6.6 4.4 —6.5 4.7 - 6.3 5.8 - 6.3 

Bruguiera 5.6 - 6.7 5.6 - 6.7 5.6 - 6.6 5.8 - 6.6 

Ceriops 6.7-7.4 6.5-7.4 6.2—>6.9 6.1 —>6.9 



upstream Camptostemon gradually decreased in size and density until at transect G 
individual plants were relatively small and Rhizophora was dominant (plate 2.6). 

Avicennia pneumatophore density at the top of the creekbanks increased with increasing 
distance upstream, between transects A and G. Mirroring this trend, Avicennia trees 
within the creekbank forest occurred at slightly lower tidal elevations and closer to the 
edge of the vegetation line with increasing distance upstream (table 2.8). Aegiceras 
occurred in low numbers scattered throughout both the creekbank forest and the 
CamptostemonlRhizophora zone. Just upstream of transect G the creekbank forest 
rapidly decreased in height, width and canopy density. This coincided with the limit of 
penetration of MHWN along the invert of the creekline. 

Discussion 

The forest structure of Creek B was typical of tidal creeks in Darwin Harbour. The 
mangrove species present and the zonation patterns observed were as described by 
Semeniuk (1985b) and Brocklehurst et al. (1995), and tidal elevation ranges of individual 
species were similar to those given by Woodroffe and Bardsley (1988). Aside from the 
large change in creekbank forest structure that occurred upstream of the limit of 
penetration of MHWN along the invert of the creekline, minor longitudinal changes were 
observed in the distribution of three mangrove species - Ceriops, Camptostemon and 
Avicennia. 

The occurrence of Ceriops at lower elevations with increasing distance upstream was 
roughly parallelled by the decrease in size and density of the creekbank forest. At the 
more downstream sites the Ceriops zone started where the creekbank forest ended, 
while at the more upstream sites the boundary between the two was less distinct. This 
suggests that the creekbank forest of the downstream sites was competitively excluding 
Ceriops, probably due to a factor related to the height and density of the forest canopy 
such as shading. 

The decrease in size and density of Camptostemon with distance upstream coincided 
with the upstream narrowing of the creek. Near transect G, the approximate upstream 
limit of Camptostemon in Creek B, the creek was very narrow and the forest canopy 
from each creekbank almost met above the creekline. This suggests that exposure to 
daylight was the factor limiting Camptostemon to the wider more downstream reaches of 
Creek B. Although never present as the dominant species, Avicennia were scattered 
throughout the creekbank forest and displayed a number of longitudinal trends in 
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Plate 2.6a - Downstream zone of Creek B lined by Camptostemon. 
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Plate 2.6b - Middle zone of Creek B with Camptostemon and Rhizophora. Note 
high density of Avicennia pneumatophores on the creekbank below the Rhizophora. 
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Table 2.8 - Distribution of Avicennia marina trees and pneumatophores at seven 
transects along Creek B. 

D E F G Transect A B C 

Tidal elevation of 
invert(mACD) 1.9 2.6 3.1 

Pneumatophores: 
density on 10 40 60 
creekbank (m 2) 

Trees: lower limit 
of distribution (m 5.6 5.6 5.9 
ACD) 

Trees: distance 
from vegetation 6.0 6.6 7.5 
line (m) 

3.6 3.7 3.8 4.0 

200 100 240 200 

5.0 5.0 5.1 5.3 

0.5 2.4 2.4 2.5 
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distribution. In the lower reaches of Creek B Avicennia did not occur close to the edge of 
the vegetation line within the creekbank forest and presumably this is why few 
pneumatophores occurred on the open creekbanks of this area. Further upstream where 
the creek narrowed (transects D to G) Avicennia occurred much closer to the edge of the 
vegetation line and at slightly lower tidal elevations than at the more downstream sites. 
A consequence of this was the high density of pneumatophores that occurred on the 
open creekbanks of the more upstream sites (plate 2.6). 

The occurrence of Avicennia trees near the edge of the vegetation line within the 
creekbank forest and the number and density of Camptostemon on the edge of the 
vegetation line were inversely related. In the downstream reaches it is possible that the 
dense band of Camptostemon on the edge of the vegetation line was competitively 
excluding Avicennia from this part of the creek by limiting the amount of light entering 
the forest. If this is correct then the lack of Camptostemon in the upstream reaches 
would have been related to the occurrence of Avicennia in this part of the creek. This 
suggests a possible link between creek structure, vegetation and faunal distribution. The 
following model indicates some of the possible factors and interactions involved in the 
distribution of C. ornatus larval habitats in Creek B - 

The narrowing of the creek in its upstream reaches 
(just below the limit of penetration of MHWN along the invert of the creekline) 

U 

Increase in shading 

U 
Decrease in Camptostemon along the edge of vegetation line 

U 
Increase in Avicennia trees near edge of vegetation line within creekbank forest 

U 
Increase in Avicennia pneumatophores on creekbank 

U 
Increase in surface organic matter 

U 
Increase in microorganisms and invertebrate fauna including C. ornatus larvae 

The ecological processes involved in determining the distribution of a species are 
usually complex and multidimensional. Although the above model is simple and linear it 
does indicate some of the likely processes involved in determining the distribution of 
C. ornatus larval habitats in small tidal creeks. If the above scheme is correct then 
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C. ornatus larval habitats will be limited to the narrower and shadier parts of the 
creekline of small tidal creeks, as was observed in Creek B. No relationship was 
observed between the presence of Aegiceras and the distribution of C. ornatus. 

Although almost no work has been done on the distribution of invertebrates along tidal 
creeks, an interesting parallel exists between the patterns of distribution of C. ornatus 
larvae and postlarvae of the commercially important banana prawn, Penaeus 
merguiensis. Vance, Haywood and Staples (1990) found that although postlarvae of 
P. merguiensis settled in all parts of an estuary, the main concentration was "along 
mangrove edges and in particular in the upstream reaches of small mangrove-lined 
creeks off the mainstream of the estuary." This perfectly describes the larval habitat of C. 
ornatus found in Creek B. The occurrence of C. ornatus larvae and P. merguiensis 
postlarvae in the same specific habitat within tidal creeks raises the possibility that both 
species might be occurring in this area due to a common adaptation to biotic or abiotic 
factors unique to this part of the creekline e.g. a particularly rich food supply due to the 
relatively high levels of organic matter present. As the mud surface of this part of the 
creekline contained more organic matter and appeared faunistically richer than the more 
downstream reaches of the creek, it is possible that the creekbanks of the upper 
reaches of tidal creeks are a distinctive habitat within mangroves that are a focus of 
benthic invertebrate richness. 

2.4.4 - Verification of larval presence at an emergence site 

Introduction 

The use of emergence traps to identify larval habitats requires firstly the location of 
emerging adults and secondly the verification of the presence of larvae at the site. As 
discussed in section 2.3.1, the presence of newly emerged adults in an emergence trap 
only indicates that pupae were present at the site. It is possible that larvae could have 
moved from the larval habitat prior to pupation or that pupae could have moved prior to 
emergence. Accordingly, mud samples from the main emergence site found in Creek B 
(section 2.4.1) were examined for the presence of immatures. The individual instars of 
larvae were determined on the basis of relative head capsule sizes (Kettle and Lawson 
1952), and the distribution of the instars across the site mapped. Reye (1992) has 
described the C. ornatus larval habitat on the east coast of Queensland as being in the 
subterranean tunnel complex of a small unidentified species of crab. As previous 
attempts to collect C. ornatus larvae near Darwin have been unsuccessful (Liehne 1985; 
Whelan ef al. 1988), animal burrows and surface mud were sampled separately for the 
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presence of immatures to try to identify the specific larval microhabitat at the emergence 
site. 

Methods 

Substrate samples were cut from the mud surface with a 6.3 cm diameter corer and 
transported to the laboratory for larval extraction. Each core had a surface area of 
31.2 cm2  and a depth of 2.5 cm. Cores were taken at five sample sites extending in a 
transect from the invert of the creekline, across the creekbank and into the creekbank 
forest. Sample site descriptions are given in table 2.9. The sampling transect was in an 
area of Creek B known to be highly productive for emerging C. ornatus adults (transect 
G, figure 2.3). 

Table 2.9 - Descriptions of the sites used in the larval extraction study. 

Sample site Tidal elevation Site description 
(m ACD) 

A 4.0 m In the invert of the creekline. 

B 4.7 m On the open creekbank. 

C 5.3 m At the start of the creekbank forest - 
Camp fostemon, Avicennia & Rhizophora present. 

D 5.4 m As for sample site C above. 

E 5.5 m As for sample site C above. 

Cores were taken at each sample site along the transect daily for six days. The sampling 
period was immediately prior to an emergence period. Immature stages (larvae and 
pupae) were extracted from each sample by flotation in a saturated solution of 
magnesium sulphate (40% wlv). Each mud sample was mixed with approximately 400 
ml of the saturated salt solution and allowed to settle. After 30 min the surface of the salt 
solution was examined under a dissecting microscope and immatures removed to a dish 
of sea water with a fine needle for examination. The sample was then resuspended, left 
to settle and re-examined. This was repeated until no more immatures were found and 
then the sample was then left overnight and examined again in the morning. Animal 
burrows were also excavated at each of the five sites described above and as much of 
the lining of their walls collected as possible for extraction of immatures. 



The body length, and head capsule length and breadth of larvae collected were 
measured with a dissecting microscope and micrometer. Larval head length and breath 
are defined following Kettle and Lawson (1952). Head length was measured along the 
mid-dorsal line from the posterior edge of the collar to the front edge of the labrum. 
Head breadth was measured at the widest part of the head. Body length was measured 
from the anterior edge of the head capsule to the posterior edge of the last abdominal 
segment. Head capsule measurements were taken to the nearest half an eye piece unit 
at x40 magnification which corresponded to a real length of 11.7 m, giving a 
measurement accuracy of ± 5.8 .tm. As ceratopogonid larvae have four instars and the 
head capsule size of each instar remains constant, the instar of the larvae recovered 
could be estimated from the distributions of the head capsule measurements as 
discussed by Kettle and Lawson (1952). C. omatus larvae were identified on the basis of 
thoracic pigmentation following the description of Hagan and Reye (1986). First instar 
larvae were not described by Hagan and Reye (1986) and so were identified on the 
basis of similar but reduced pigmentation, similar ratio of head length to breadth and the 
lack of other Culicoides species emerging from the sample site. All immature stages 
recovered alive were added to a rearing dish of mangrove mud which was examined 
daily for emerged adults. Adults emerging were identified to species and stored in 70% 
alcohol along with their pupal exuviae where possible. 

Results 

The relationships between head length and breadth, and body length are illustrated in 
figure 2.18. The head capsule measurements were assigned to four size classes which 
on the basis of Dyar's Law (i.e. the ratio of size increase is constant between instars) 
appeared to correspond to the four larval instars. The estimated ratio of increase in size 
between first and second, second and third, and third and fourth instars were 1.47, 1.31 
and 1.23 respectively. The distribution of head lengths according to size class are given 
in table 2.10. Separation of instars on the basis of body length alone was not possible 
due to the large overlap in body lengths between the four instars. Mean body lengths of 
the four instars are given in table 2.10. All larvae reared to adults in the laboratory were 
identified as C. ornatus. 

The distribution of larvae and pupae relative to tidal elevation is illustrated in figure 2.19. 
The greatest number of larvae were collected at the two sites at the inner edge of the 
creekbank forest (sites C and D). Slightly lower numbers were collected on the 
creekbank (site B) and further into the creekbank forest (site E). The invert of the 
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Figure 2.18 - The relationships between head capsule length and breadth, and 
body length in a population sample of C. ornatus larvae. 



Table 2.10 - Body length measurements and head capsule length size classes for 
the four instars of C. ornatus. Body lengths are given as means ± I standard 
deviation. The size classes for head length are up to and including the upper value. 

Body length (mm) Head length size Proportion of 
class (.Lm) individuals per size 

classs (%) 

lstinstar 0.98±0.20 52-64 71 
64-76 29 

2ndinstar 1.34±0.14 76-87 37 
87-99 63 

3rd instar 1.86 ±0.23 111 —122 100 

4th instar 2.53 ± 0.23 134— 146 86 
157-169 14 
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Figure 2.19 - Density of immature C. ornatus extracted from surface mud samples 
at a known emergence site, in the dry season of 1995. Columns are the mean 
density of immatures extracted per day from surface mud samples collected over six 
consecutive days, immediately prior to an emergence period. 



creekline produced few larvae. First instars occurred in greatest numbers at the 
uppermost two sites (D and E); second and third instars were fairly evenly distributed 
across the creekbank and into the forest; and fourth instars were concentrated at the 
edge of the vegetation line (site C). Pupae were collected in low numbers at the three 
creekbank forest sites (C, D and E). No C. ornatus immatures were collected from any 
of the animal burrows sampled. 

Discussion 

Head length measurement allowed the assigning of individual larvae to categories that 
appeared to correspond to different instars. Kettle and Lawson (1952) have shown that 
the growth of the larval head capsule of many Culicoides species follows Dyar's Law 
and they further showed that the ratio of head length increase between instars was 
proportional to fourth instar head length for the 16 species that they studied. According 
to Ketttle and Lawson's data (Kettle and Lawson 1952, figure 2), C. ornatus (fourth instar 
larvae head length of approximately 140 .tm) would be expected to have a ratio of 
increase of about 1.28 between instars. This value is close to that calculated for second 
to third (1.32), and third to fourth (1.22) instars in this study, which suggests that the 
head length size classes used are accurately identifying the instars. The ratio of increase 
for first to second instars (1.45) was slightly larger than the expected value of 1.28 and it 
is likely that this small discrepancy was due to relatively greater error when measuring 
the head lengths of the smaller early instars. 

First instar larvae were only found in significant numbers within the creekbank forest 
which suggests that oviposition is possibly limited to this part of the larval habitat and 
that early instar larvae disperse from this area. Second and third instars were not 
localised in any particular area within the emergence site, occurring in approximately 
equal numbers across the entire emergence zone. The distribution of fourth instar larvae 
closely matched the distribution of emerging adults as described in section 2.4.2. The 
greatest numbers of both fourth instars and emerging adults were found around the 
edge of the vegetation line at the top of the creekbank with numbers gradually 
decreasing at elevations above and below this. The narrower distribution of fourth 
instars than second or third instars suggests that fourth instars are being concentrated 
around the edge of the vegetation line. This could be due to a tidal effect as the 
vegetation line is approximately at Mean High Water Neap and emergence occurs 
during the neap tide part of the fortnightly tide cycle. The common distribution of both 
emerging adults and fourth instars suggests that there is no significant movement of 
larvae or pupae away from the larval habitat prior to emergence. Consequently 
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emergence trapping appears to be an accurate method for identifying the larval habitat 
of C. ornatus. The numbers of pupae collected were too few to give a clear indication of 
their distribution across the larval habitat. 

The larval densities recorded were high enough to account for the levels of emergence 
seen. Mean fourth instar larval density reached approximately 900 m 2  at site C, well in 
excess of the maximum emergence rate recorded from a trap in this area of 520 m 2. In 
the upper reaches of tidal creeks C. ornatus larvae were collected from surface mud and 
were absent from animal burrows. 
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CHAPTER 3— SEASONAL CHANGES IN EMERGENCE; COMPARISONS BETWEEN 
TIDAL CREEKS; AND EMERGENCE IN OTHER HABITATS. 

3.1 - Introduction 

The emergence studies described in chapter 2 gave a clear indication of the dry season 
distribution of C. ornatus emergence sites along the length of Creek B. In the wet 
season the numbers of C. ornatus adults are known to decrease (Reye, pers. comm.; 
Liehne 1985; Whelan e(ai 1996) suggesting that there are probably changes to the 
C. ornatus larval habitat at this time of the year. To determine the types of change that 
occur in the abundance and distribution of emerging adults throughout the year, a 
monitoring program was undertaken through the 1995/96 wet season and 1996 dry 
season, at the main emergence site identified in the upper reaches of Creek B (section 
3.2). Emergence trapping was also undertaken in a variety of other small tidal creeks 
(section 3.3) and mangrove habitats (section 3.4) to determine if the distribution patterns 
observed in Creek B were typical of other areas. 

3.2 - Seasonal changes in the abundance and distribution of emerging adults in a 
small tidal creek 

Introduction 

Coastal northern Australia is characterised by having pronounced wet and dry seasons 
with 90% of the annual rainfall falling between November and April (Wightman 1989). 
Numbers of C. ornatus adults are known to decrease during the wet season, a time 
when there is a large influx of rainwater into the mangrove habitat and when the larval 
habitat is presumably regularly soaked by freshwater. This has led to the suggestion that 
C. ornatus larvae can only tolerate a narrow range of salinities, and that a decrease in 
the salinity of the larval microhabitat leads to a decrease in population numbers (Reye, 
pers. comm.). Studies on adult biology near Darwin, NT, have verified that there is a 
marked decrease in adult numbers during the wet season and have indicated that peak 
adult numbers occur in the late dry season (Liehne 1985; Whelan etal. 1996). To 
determine whether there were seasonal changes in the abundance and distribution of 
larval populations, emergence was monitored in Creek B through the 1995/96 wet 
season and 1996 dry season. 
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Methods 

Emergence was monitored at two sites in the middle reaches of Creek B. One was a 
creekbank site (transect site G: figure 2.2 and plate 2.2) and consisted of a transect of 
six emergence traps extending from the lower creekbank (open mud) into the creekbank 
forest (Rhizophora/Bruguiera). The other site was situated nearby and consisted of four 
emergence traps extending from the back edge of the creekbank forest through a 
narrow transitional zone (BruguierafCeriops) and into a broad band of tidal flat (Ceriops). 
Every fortnightly emergence cycle was sampled from mid-January 1996 until June 1996 
at the transitional zone/tidal flat site, and until the end of November 1996 at the 
creekbank site. One of the six creekbank site traps (trap A) was only sampled until July 
1996. Prior to these periods sampling was occasional as illustrated in figure 3.3. For 
each emergence cycle sampled, traps were erected just prior to the expected start of the 
cycle and emptied daily until the emergence cycle had finished, generally a period of 
between 6 and 8 days. Bimonthly rainfall totals for Darwin airport (situated about 3 km 
away) were calculated from data supplied by the Bureau of Meteorology. 

Additional sampling was undertaken in the 1996/97 wet season to obtain an indication of 
the pattern of emergence in the transitional zone along the length of the creek. Three 
sites, one each in the downstream, middle and upstream zones of Creek B (near 
transect sites A, G and P respectively: figure 2.2 and plate 2.2) were sampled over a 
single emergence cycle. 

Results 

The seasonal changes in individual trap catches of the creekbank transect and the 
transitional zone/tidal flat transect are illustrated in figures 3.1 and 3.2 respectively. 
Dates given are for the day of peak male emergence. The mean number of adults 
emerging per trap for the four most productive traps on the creekbank and the two most 
productive traps along the transitional zone/tidal flat transect, together with bimonthly 
rainfall totals, are given in figure 3.3. 

On the creekbank, the highest numbers emerged during the mid to late dry season and 
lowest numbers during the wet. There was little emergence at the start of 1996 until 
March when numbers began to increase. Emergence continued increasing through the 
late wet and early dry seasons peaking in late August, after which numbers steadily 
decreased until the end of sampling at the start of the 1996/97 wet season. Trap F, 
situated well within the creekbank forest, showed no seasonal trend in catch. Along the 
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Figure 3.1 - The seasonal change in emergence of C. ornatus adults at six trap 
sites on the creekbank of Creek B during 1996. Arrows indicate the end of the wet 
season in early April 1996 and the start of the following wet season in late October 1996. 

73 



80 

TRAP A - (6.5m ACD) 

4 

(0 (0 (0 (0 (0 (0 c) o ? z M W 0 >- Z : w < a,-  4: 
? 4: -? 

C.) 

TRAP B - (6.6m ACD) 

A l 

(0 (0 (0 (0 (0 (0 0) ) a 0; 
z CO Er M > Z 4: LU 4: 0 4: 
?LL 
Lh 

 

80 

'a 60 
to 

0 

40 
0 
LU 

LU 20 
LU 
a) 

0 

'a 60 
a, 

a, 

o 40 z 
0 
LU 

LU 20 
cr 

 m 

0 

(0 (0 (0 (0 (0 (0 0) 0) 9 0) 0) 
a) of W >- 

4: LU 4: a, 4: L 

-a 60 
a, 

C, 
a,. 

40 

0 
LU 

20 
LU 
a) 

z 

z 
4: 
U) 

(0 (0 (0 (0 CD c 0) C 0) ) 
CO Qf W >- z LU 4: IL 4: 

co 

L 4: 

'a 60 
a, 

a, 
0 

O 40 z 
0 
LU 

LU 20 
LU 
(0 

80 80 

TRAP C - (6.7m ACD) TRAP D - (6.8m ACD) 

Figure 3.2 — The seasonal change in emergence of C. ornatus adults at four trap 
sites in the transitional zone and tidal flat of Creek B during 1996. Arrows indicate 
the end of the wet season in early April 1996. 
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transitional zone/tidal flat transect emergence was first recorded in early December 
1995. Emergence was recorded during all subsequent sampling periods until shortly 
after rains ceased in late April 1996. The two traps in the transitional zone (traps A and 
B) recorded significant wet season emergence while the two traps on the tidal flat (traps 
C and D) recorded little emergence. 

The seasonal shift observed in the location of emergence sites from the creekbank (dry 
season) to the transitional zone/tidal flat (wet season) is illustrated in figure 3.4. Data 
from only five of the six creekbank transect traps are illustrated in figure 3.4 as trap A 
was not operated during the height of the wet season. Sampling in the transitional zone 
during the 1996/97 wet season indicated that most emergence was occurring at the site 
in the middle zone of the creek, low level emergence was occurring at the downstream 
site, and little was occurring at the upstream site (figure 3.5). 

Discussion 

The seasonal pattern of emergence seen at the creekbank site, with high numbers in the 
mid to late dry and low numbers in the wet, was similar to the seasonal pattern recorded 
in adult populations in the hinterland behind mangroves by previous workers (Liehne 
1985; Whelan etal. 1996; Reye, pers. comm.). This suggests that decreases in adult 
populations at the start of the wet season are probably a direct consequence of 
comparable decreases in emergence at this time. The only trap which did not record a 
significant dry season increase in emergence was trap F which caught low numbers of 
adults throughout the year. Trap F was situated well within the creekbank forest in a 
dense stand of seedlings and saplings and accordingly was located well away from the 
main emergence site on the creekbank. The lack of a dry season increase in emergence 
at trap F suggests that regardless of the number of adults ovipositing on the creekbank, 
few ventured far into the creekbank forest. 

Previous studies that have documented the effect of tropical rains on marine benthic 
communities suggest that most benthic fauna suffer mass mortalities during the wet 
season but quickly repopulate (Goodbody 1961; Krishnamurthy, Ali and Jeyaseelan 
1984; Kurian 1984). This loss of fauna has been attributed to a variety of causes such as 
the scouring of surface sediments by increased water flow, changes in salinity, and 
availability of microbial food. Although Reye (pers. comm.) has suggested that 
C. ornatus larvae can only tolerate a narrow range of salinities and that wet season 
decreases in numbers are due to changes in salinity, no evidence has been presented 
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by Reye to support this contention. Surface sheet flow caused by the first heavy 
downpours of the wet season was observed to wash away the upper couple of 
centimetres of mud from much of the creekbank in the upper reaches of Creek B. The 
loss of surface mud was easily visible due to the exposure of the normally subsurface 
cable and nutritive roots attached to the Avicennia pneumatophores. As this surface 
layer of mud is the primary dry season C. ornafus larval habitat in Creek B (see section 
2.4.4), the low levels of emergence seen in the wet season were possibly related to this 
loss of larval habitat. 

There also appeared to be another factor involved in the seasonal pattern of emergence 
that was unrelated to rainfall. If rainfall was the primary determinant of the seasonal 
change in numbers then the lowest numbers would have been seen at the end of the 
wet season and the highest numbers at the end of the dry season. The lowest numbers 
were in fact recorded in the middle of the wet season (about ten weeks before the end of 
rainfall) after which emergence gradually increased until a peak was reached in late 
August 1996 (about eight weeks before the first rains of the 1996/97 wet season). Both 
Liehne (1985) and Whelan et al. (1996) also recorded peak adult numbers in the late dry 
season before the start of the wet season rains. The seasonal rate of change in 
emergence is most clearly seen when numbers emerging prior to full moons and prior to 
new moons are examined separately (figure 3.6). After allowing for the seasonal change 
in emergence, numbers emerging prior to full moons were consistently greater than the 
numbers emerging prior to new moons. This trend was also recorded by Whelan et al. 
(1996) in adult populations in the hinterland. The increase in emergence from 
February/March 1996 was gradual, reaching a peak about six months later, and then 
gradually decreasing. These results suggest that rather than rainfall, the primary 
mechanism controlling the seasonal pattern of emergence on the creekbank is a 
gradually changing environmental factor with an annual periodicity. 

If the seasonal pattern of emergence is primarily controlled by a gradually changing 
environmental factor, then one candidate that should be considered is the tidal cycle. 
The tidal cycle has a direct effect on the larval habitat by alternately submerging it under 
sea water and exposing it to air, and tide heights change with a range of periodicities 
including annual ones. To understand the seasonal tidal cycle over the sampling period, 
fortnightly tide heights were plotted from late 1995 to early 1997 for the highest high (or 
spring) tides and the lowest high (or neap) tides (figure 3.7). As some of the biological 
activities of C. ornatus have been shown to be nocturnal (e.g. larval activity at the mud 
surface) and others diurnal (e.g. emergence), each of the two daily high tides were 
recorded separately giving plots for two spring tides (dawn and dusk) and two neap 
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tides (day and night). The resultant tidal cycles all showed annual periodicities, none of 
which were in phase with the emergence cycle. 

As emergence prior to full moons (FM) was always greater than prior to new moons 
(NM), the cyclical changes in the heights of both the high neap and high spring tides 
were examined taking into account lunar phase. The resultant tidal cycles all showed 
either annual or bi-annual periodicities (figure 3.8). The only tides that had a periodicity 
that was similar to the seasonal pattern of emergence were the pre-FM dawn spring 
tides. These tides were consistently high between March and late August 1996 (the 
period over which emergence increased), after which their height steadily decreased (as 
emergence also decreased). Although this does not prove a connection between the 
seasonal pattern of emergence and the tide cycle, it does indicate that there are tidal 
cycles whose seasonal pattern matches that of the emergence cycle. 

If the egg to adult cycle in C. ornatus is six weeks as suggested by Reye (1992), then it 
is possible that the seasonal pattern of emergence could be determined by events that 
occur at any stage in the six weeks prior to emergence. Allowing for this, the seasonal 
pattern of emergence did show an approximate relationship to the height of the spring 
tides. Dawn spring tides were at their highest in the middle of the year (when emergence 
was highest) and were at their lowest at the end of the year (when emergence was 
lowest), while for the dusk spring tides the pattern was reversed. As mentioned above, 
although this does not prove a connection between the tidal cycle and the seasonal 
pattern of emergence, it does indicate that there are annual tidal cycles which could be 
involved. Greater knowledge of the biology of C. ornatus within the mangroves 
(especially of the pupation/emergence process and in relation to oviposition) is needed 
before it will be possible to determine whether the tidal cycle is involved in controlling 
the seasonal pattern of emergence. 

During the wet season, emergence was recorded in the transitional zone and tidal flat of 
Creek B, at an elevation well above that at which C. ornatus occurs in the dry season. 
Sampling in the early dry season at this site recorded no emergence. If emergence is 
absent from the transitional zone through the dry season, it could possibly be due to the 
prolonged exposure and consequent drying out of the mud surface that occurs at this 
elevation around the time of the neap tides. During the wet season the mud surface was 
observed to remain wet throughout the neap tide part of the fortnightly tidal cycle due to 
the regular influx of rainwater. Although the four trap sites of the transitional zone/tidal 
flat transect differed little in tidal elevation, the appearance of the mud surface, or forest 
height or density, most emergence was recorded in the two traps situated in the 
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Figure 3.8 — Seasonal changes in the height of the fortnightly high water neap and 
high water spring tides by moon phase between late 1995 and early 1997. 
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transitional zone (traps A and B). Low level emergence was recorded at the start of the 
tidal flat zone (trap C) and almost none in the most landward trap (trap D). Emergence 
was most clearly related to proximity to the landward edge of the creekbank forest. 

Dry season and wet season emergence both occurred on the more open sides of the 
two edges of the creekbank forest. In the dry season, emergence primarily occurred on 
the more open side of the seaward edge of the creekbank forest (i.e. on the creekbank), 
while in the wet season, emergence primarily occurred on the more open side of the 
landward edge of the creekbank forest (i.e. in the transitional zone). This distribution 
pattern is possibly related to oviposition site selection by gravid females. Female midges 
might be using the sudden change in the density of the understorey at the edges of the 
creekbank forest to locate potential oviposition sites. If this is true, the drying out of the 
mud surface during the neap tide period is probably an important factor deterring 
oviposition in the transitional zone in the dry season. In the wet season the transitional 
zone would stay wet due to rainfall and the higher tides that occur during this part of the 
year. The mud surface of the creekbanks is always wetted by the neap tides and so 
oviposition would never be limited by the mud drying out. Creekbanks appear to become 
unsuitable as a larval habitat in the wet due to a factor such as erosion (see also section 
3.2). 

The distribution of emerging adults in the transitional zone was not uniform along the 
length of Creek B. In the wet season most emergence in the transitional zone was 
recorded in the middle zone of the creek, near the main dry season creekbank 
emergence sites (see figure 2.3). Although little emergence was recorded in the 
transitional zone further upstream, low level emergence was found much further 
downstream suggesting that in the wet season low level emergence can potentially 
occur in the transitional zone for much of the length of Creek B. One factor that possibly 
influenced the distribution of emergence sites in the transitional zone of Creek B was the 
distribution of the forest understorey. The transitional zone in much of the upstream and 
downstream zones of Creek B contained a dense understorey of seedlings and saplings 
which probably made these areas unsuitable as either oviposition sites or larval habitats. 
In the middle zone of the creek where most wet season emergence occurred, the 
transitional zone was usually devoid of an understorey. 

The seasonal shift in emergence from the creekbank to the transitional zone provides a 
mechanism that would help maintain population numbers during the wet season. The 
high level of emergence that occurred on the creekbank in the dry season had markedly 
decreased by early in the wet season and at around this time emergence shifted to the 
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transitional zone. This was presumably due to the transitional zone becoming suitable as 
an oviposition site and larval habitat because rainfall and higher tides at this time 
prevented the habitat from drying out. The erosion that occurred on the creekbanks in 
the wet did not occur in the much flatter transitional zone. Habitat suitability reversed at 
the cessation of rains at the end of the wet season. If these shifts in habitat suitability are 
both related to rainfall, then the loss of one habitat will always be compensated for by 
the gaining of the other. The seasonal pattern of emergence on the creekbanks appears 
to be controlled by a gradually changing environmental factor with an annual periodicity, 
possibly related to the tidal cycle. The wet season rains appear to be a secondary 
mechanism that helps keep numbers on the creekbanks low in the wet, by washing 
away the larval habitat. 

3.3 - Comparison of emergence between tidal creeks 

Introduction 

The primary dry season emergence sites in Creek B were located in the upper reaches 
of the creek at the edge of the creekbank vegetation line, while emergence rapidly 
decreased with distance into the creekbank forest (section 2.4). To determine if this was 
the typical C. ornatus distribution pattern in small tidal creeks and to compare the levels 
of emergence between creeks, a study was undertaken of emergence in a number of 
the small tidal tributaries running into Sadgroves Creek. A method was also devised for 
estimating the relative midge productivity of creeks based on creek structure. 

Methods 

Emergence trapping was undertaken in three small tidal tributaries of Sadgroves Creek 
in the dry season of 1996 (Creeks C, D and E: plate 3.1). Emergence trap transects in 
each creek were positioned perpendicular to the creekline and close to where the invert 
of the creek was at 4 m ACD. Previous studies in Creek B (section 2.4) indicated that 
peak C. ornatus emergence was likely to occur near this location. Creeks C and E were 
each sampled over a single emergence cycle, while Creek 0 was sampled over three 
cycles. Transects consisted of four or five emergence traps extending from the 
creekbank to the transitional zone. Trap catches were standardised for factors such as 
season and moon phase by comparison to a reference site in Creek B (transect site G) 
which was concurrently sampled (section 3.2). This allowed for comparisons across 
both time and location. Standardisation involved transforming individual trap catches to 
their theoretical peak seasonal value using the following formula - 
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Plate 3.1 - Aerial photograph of Sadgroves Creek with Creeks A to H marked. See 
plate 1.2 for locality map. 
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Se - Re X Rpeak 

where Se  is the individual trap catch in the sample creek over emergence cycle e; Re IS 
the average trap catch in the reference creek over emergence cycle e; and Rpeak is the 
average trap catch in the reference creek when peak emergence was recorded in late 
August 1996. 

The tidal elevation and vegetation zonation along emergence trap transects were 
recorded for each study site. Tidal elevation was measured with tide height meters as 
described by Reye (1991) and vegetation zonation identified on the basis of the 
dominant species present. Using tide height meters the longitudinal profile of the invert 
of the creekline was also determined for each of the creeks sampled. The tidal elevation 
of the creekbank and the invert were also determined in three additional creeks (Creeks 
F, G and H), in which emergence trapping was not undertaken (see plate 3.1 for 
location). 

Results 

Emergence trap catches (standardised for variations due to the season and moon phase 
as described above) are given in figures 3.9 and 3.10 for both the reference site in 
Creek B and the sample sites in Creeks C, D and E. Along the trap transects two 
patterns of vegetation zonation were seen, each of which coincided with a different 
pattern of emergence along the transect. Creeks B, C and E all displayed the classic 
sequence of mangrove vegetation zones with a creekbank forest (Bruguiera and 
Rhizophora), transitional zone (Bruguiera and Ceriops) and tidal flat (Ceriops). By 
contrast Creek D was unusual in that a distinct Rhizophora forest was present between 
the creekbank forest and the transitional zone. Emergence was primarily limited to the 
creekbanks of Creeks B, C and E, while in Creek D emergence occurred both on the 
creekbank and at the landward edge of the creekbank forest in the Rhizophora forest. 
The tidal elevation and vegetation zonation along the trap transects in Creek B and 
Creek D are given in figure 3.11. Each of the main mangrove species present occurred 
at similar tidal elevations at the Creek B and Creek D sites (table 3.1). 

The tidal elevation of the creekbanks of the seven tidal tributaries studied are given in 
figure 3.12. The profiles of the creekbanks of most creeks were similar with the mud 
surface levelling off at about 6m ACD approximately lOm from the invert of the creekline 
and then gaining elevation gradually with distance landward. Creek D was noticeably 
different from the other creeks in that its creekbank was generally at an elevation about 
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0.5 m lower than that of the other creeks for comparable distances landward. 
Longitudinal profiles of the inverts of the seven creeks are given in figure 3.13. A 
distinctive characteristic of most creeks was that the invert gained elevation very rapidly 
at some stage between Mean Low Water Neap (MLWN) and Mean High Water Neap 
(MHWN). This is clearly seen in Creek B which was sampled over a greater distance 
than any of the other creeks and in the west arm of Creek D in which the invert gained 
1.2 m in height over a distance of about 5 m. 

Discussion 

The pattern of emergence seen along transects in Creeks B, C and E with greatest 
emergence on the creekbanks and emergence decreasing with distance landward was 
typical of dry season emergence described previously in Creek B (section 2.4). Creek D 
on the other hand showed an unusual pattern with emergence concentrated in two 
separate areas - the creekbank and the back edge of the creekbank forest. The back 
edge of the creekbank forest was the primary wet season emergence site identified 
previously in Creek B (section 3.2). Accordingly, Creek D was simultaneously displaying 
both the wet season and dry season patterns of emergence seen elsewhere. 

The Creek D site was also unusual in that it had a broad band of Rhizophora forest 
between the creekbank forest and the transitional zone. The presence of this zone in 
Creek D appeared to be related to the unusually low elevation of the mud surface in this 
area. As the upper tidal elevations at which Rhizophora occurred in Creeks B and D 
were not greatly different (table 3.1), the lower elevation of the mud surface at the back 
edge of the creekbank forest in Creek D meant that the Rhizophora extended much 
further landward than it did in Creek B. As the width of the creekbank forest was not 
related to tidal elevation but appeared to be related to distance from the creekline, the 
Rhizophora extended landward of the creekbank forest for about 25 m in Creek 0 
creating a discrete Rhizophora forest. In Creek B, although the Rhizophora ended at a 
similar elevation as in Creek D, this coincided with where the back edge of the 
creekbank forest also ended and so no distinct Rhizophora forest occurred. 

A possible explanation for the occurrence of two separate areas of emergence along the 
Creek D transect is that gravid females were using the two edges of the creekbank 
forest as oviposition sites. As discussed in section 3.2 it appears likely that the mud at 
the landward edge of the creekbank forest usually dries out too much during the neap 
tide part of the fortnightly tide cycle in the dry season to allow either oviposition or larval 
survival. In Creek D the relatively low elevation of the mud surface at the back edge of 



Table 3.1 - Tidal elevation ranges of the dominant mangrove species present at 
the Creek B and Creek D sites. All values are in metres ACD; the landward limit of 
Ceriops was not calculated but was above Mean High Water Spring i.e. >6.9 m. 

Creek B Creek D 

Rhizophora 4.7-6.3 4.8-6.2 

Bruguiera 5.6-6.6 5.5-6.5 

Ceriops 6.2 - >6.9 6.2 - >6.9 

7.0 

6.5 

C < 6.0 
E 

5.5 

LU 

LU 
- 5.0 
0 
H- 

4.5 

WWI 

£ 
............. 

.............U 
. -'--:;- 

AX -- y: 
9 7 .----- 

d!: 

• Creek B 
Creek C 
CreekD 

A CreekE 
Creek F 

-0- CreekG 
Creek H 

0 10 20 30 40 50 60 70 80 
DISTANCE FROM INVERT OF CREEK(m) 
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close to where the invert of the creek was at 4 m ACD. 
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the creekbank forest meant that it was inundated for longer than occurred in other 
creeks such as B, C and E. This possibly created conditions favourable for oviposition 
and larval survival and so allowed development and emergence to occur. 

Other possible explanations of the pattern of emergence in Creek D, such as the 
differential survival of immatures in different areas, or the movement of immatures to 
favourable areas seem unlikely. Both ideas presuppose mechanisms (differential 
survival or movement) for which there is no evidence and are more complex than the 
simple idea that oviposition, larval development and emergence occur at the same place 
and that this place is determined by the oviposition site selection of the gravid females. 
The high mobility of the adult females would aid in the location of suitable oviposition 
sites. 

The primary emergence sites in Creek B were shown to be located in that part of the 
creek between where the invert of the creekline crosses Mean Low Water Neap 
(MLWN) and where it crosses Mean High Water Neap (MHWN) (section 2.4). Assuming 
that this distribution pattern applies to other small tidal creeks, the length of creekline 
potentially supporting moderate to high C. ornatus populations can be estimated from 
the longitudinal profile of the invert of a creek. To obtain an indication of the relative 
midge productivity of a range of creeks in the study area, the length of the invert of the 
creekline between MLWN and MHWN was calculated from the longitudinal profiles of 
the inverts of nine tidal tributaries of Sadgroves Creek (table 3.2). Values obtained 
ranged from 51 m for the west arm of Creek 0 to 115 m for Creek B. The sudden rise in 
the elevation of the invert between MLWN and MHWN was a useful visual feature of 
most creeks for identifying where the main emergence sites were likely to be located. 

The hinterland of the Darwin South area was reported by Whelan and Hayes (1993) to 
have an unusually high C. ornatus population. An unusual feature of the coastline of this 
area is the presence of a large, mangrove-vegetated sand island between Sadgroves 
Creek and Reichardt Creek. The Sadgroves Creek edge of the island in particular has a 
very high density of small tidal creeks. If every small tidal creek supports a C. orn at us 
larval habitat then the high adult population in the hintetiand would appear to be related 
to the large number of creeks in the area. Using this approach a rough estimate of the 
likely pest problem of an area could be made on the basis of the structure of the 
coastline of that area. 
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Table 3.2 - Length of creekline that is estimated to support moderate to high 

productivity C. ornatus emergence sites, in Creeks B to H. Distance given is the 

length of the invert of the creekline between MHWN and MLWN (estimated from figure 

3.13). 

Length (m) 

Creek B 115 

Creek Ceast arm 60 

Creek C west arm 51 

Creek D east arm 61 

Creek D west arm 60 

Creek E 60 

Creek F 59 

CreekG 107 

Creek H 100 
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3.4 - Emergence trapping in other habitats 

In addition to the sampling of areas surrounding the middle and upper reaches of small 
tidal creeks described in sections 2.4, 3.2 and 3.3, emergence trapping was undertaken 
in two other habitats - a mangrove foreshore dominated by mature Sonneratia and a 
mangrove-lined creek with permanent water in the invert of the creekline. 

3.4.1 - Mangrove foreshore site 

Introduction 

Although examples of most of the major mangrove vegetation zones found in the 
Darwin Harbour area were sampled for emerging C. ornatus adults in the studies 
described in sections 2.4, 3.2 and 3.3, habitats associated with mangrove-lined 
foreshores were not sampled. In the Darwin area mangrove zonation parallel to 
foreshores differs from that parallel to creeklines in that there is usually a distinct band of 
well spaced mature Sonneratia a/ba at the seaward edge of the vegetation line, backed 
by a dense band of Rhizophora. Landward of the Rhizophora zone there is a usually a 
mixed mangrove assemblage of Rhizophora, Bruguiera, Avicennia and Ceriops, which 
gives way to the tidal flat (Ceriops) and hinterland margin (Ceriops and Lumnitzera) 
habitats as found landward of creeklines (Semeniuk 1985a). The tidal elevation of the 
seaward limit of the vegetation line also differs between foreshores and tidal creeks. The 
Sonneratia zone of foreshores extends seaward to about 1 m below mean sea level 
(MSL) while in tidal creeks the vegetation line usually starts around 0.5 m above MSL 
(Woodroffe and Bardsley 1988). So that these other mangrove vegetation zones could 
be evaluated for the presence of emerging C. ornatus adults, emergence trapping was 
undertaken in an area of mangrove-lined foreshore near the mouth of Sadgroves Creek. 

Methods 

Emergence trapping was undertaken at a site with typical foreshore vegetation zonation 
near the mouth of Sadgroves Creek on two occasions in the late dry season of 1997. 
Transects of emergence traps were sited perpendicular to the sequence of vegetation 
zones and individual traps emptied daily. The first transect (A) consisted of eight traps 
and extended from the Sonneratia zone through the Rhizophora zone and into a mixed 
assemblage of Rhizophora and Avicennia. The second transect (B) consisted of five 
traps and was situated entirely within the Sonneratia zone. For each trap site the 
surrounding vegetation structure and the appearance of the mud surface were recorded. 



Descriptions of vegetation structure included the species present in the immediate 
vicinity of the trap and whether the trap was sheltered by the surrounding vegetation 
(closed) or relatively exposed (open). Detailed descriptions of the mud surface were only 
made for transect B and included pneumatophore density, the percentage cover of 
algae, and the presence of both large and small crab burrows. The tidal elevation of 
each trap site was measured with tide height meters as previously described (section 
2.4). Transect A was operated for 17 days from early September 1997, while transect B 
was operated for 14 days from early October 1997. 

Results 

Individual trap catches over one complete emergence cycle are given in figure 3.14 for 
transects A and B. In transect A low levels of emergence were recorded from the three 
traps in the Sonneratia zone, a few adults from the two traps in the transitional area at 
the back edge of the Sonneratia zone and no emergence in the Rhizophora zone or in 
traps situated further landward. Emergence was recorded from all traps in transect B. 
Site descriptions are given for transects A and B in tables 3.3 and 3.4 respectively. Much 
of the Sonneratia zone near transects A and B was covered by distinctive crab burrows 
with relatively large anastomosing entrance chambers opening at the mud surface (plate 
3.2a). These are referred to as large burrows in the trap site descriptions. With the 
exception of one trap, numbers emerging in the Sonneratia zone were similar in both 
transects. Trap B of transect B was unusual in that it recorded a relatively high level of 
emergence. Trap B differed from the other traps in that the mud surface under the trap 
was completely covered by large burrows, as well as being largely covered by algae. 

Discussion 

Neither the Sonneratia zone nor mangrove habitats below MSL have been previously 
suspected of supporting C. ornatus emergence sites. Although the numbers emerging 
were generally low compared to the more productive sites in tidal creeks, one of the 
eight trap sites sampled within the Sonneratia zone did record a high level of 
emergence. This suggests that there are specific microhabitats within the Sonneratia 
zone that are highly productive. In transect A two factors appeared to be related to 
emergence - the presence in the surface mud of anastomosing entrance chambers to 
large crab burrows and the open nature of the vegetation (plate 3.2b). Both 
environmental characteristics were present at the most productive sites along transect A 
(traps A, B and C), while only one or the other was present at traps D and E which only 
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Table 3.3 - Foreshore site (transect A) trap site descriptions. 

Traps A, B, C Trap D Trap E Trap F Traps G, H 

Number 19, 19, 22 5 2 0 0 
emerging 

Vegetation Sonneratia Sonneratia, Sonneratia, Rhizophora Rhizophora, 
(species) Rhizophora Rhizophora Avicennia 

Vegetation open open closed closed closed 
(open/closed) 

Large burrows yes no yes no no 

Table 3.4 - Foreshore site (transect B) trap site descriptions. Algal cover, large 

burrows and small burrows are all given as the percentage cover of the mud surface 

under the trap, e.g. plate 3.2a illustrates 100% cover of large burrows; vegetation 

(species) refers to species in the immediate vicinity of the trap. 

TrapA Trap B Trap C TrapD TrapE 

Number 24 96 12 17 20 
emerging 

Tidal 3.16 3.46 3.51 3.63 3.56 
elevation 
(m ACD) 

Sonneratia 60 small 50 large 40 large 50 large 40 large 
pneumatopore 
density 

Algal cover 0 75% 50% 0 0 

Large burrows 0 100% 50% 50% 25% 

Small burrows 100% 0 50% 50% 50% 

Vegetation Sonneratia Sonneratia, Sonneratia, Sonneratia, Sonneratia 
(species) Aegilitis Aegilitis, Aegilitis, 

Aegiceras Aegiceras 

Vegetation open open open closed open 
(open/closed) 
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Plate 3.2a - Mud surface in the Sonneratia zone showing the network of branching 
crab burrow entrance chambers. Gumboot in bottom left corner for scale. 
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Plate 3.2b - The Sonneratia zone of the foreshore at the mouth of 
Sadgroves Creek. 



produced a few midges (table 3.3). The large crab burrows were limited to the 
Sonneratia zone and rarely extended into areas where dense Rhizophora was present. 

The emergence traps of transect B were all within the Sonneratia zone and were 
situated on a range of mud surface types. Trap B produced a much higher emergence 
catch than any of the other traps and was over mud that was both largely covered by the 
entrance chambers to large burrows and with a mud surface that was largely covered by 
a thin sheet of green algae. The surface layer of algae also extended into the burrow 
entrance chambers. Whether either of these factors were related to the high catch is 
uncertain, especially as the most seaward trap in transect B (trap A) was situated where 
there were no large burrows and no algal cover, yet emergence still occurred at this site. 
Further work is needed to accurately characterise the main emergence microhabitat 
within the Sonneratia zone and determine typical levels of emergence in this habitat. 

The occurrence of C. ornatus emergence sites in two distinctly different mangrove 
habitats - the Sonneratia zone and the vegetation line of the middle and upper reaches 
of small tidal creeks - raises the possibility that the emerging adults in each habitat 
might belong to two separate but closely related species. The habitats differed in tidal 
elevation, vegetation structure, mangrove species present, mud surface appearance 
and location within the mangroves. Regardless of the differences in habitat, the two 
populations appear to belong to the same species due to similarities in morphology and 
the timing of emergence. Adults from the two habitats could not be separated 
morphologically. Male genitalia, one of the best sources of morphological characters for 
separating closely related species, appeared identical in specimens from the two 
populations. Peak emergence in both populations occurred within a few days of each 
other, with the Sonneratia zone population emerging earlier than the tidal creek 
population. The difference in the timing of emergence between populations from the two 
habitats fits a trend first observed at tidal creek sites where emergence occurred earlier 
at lower elevations (see chapter 4 for further details) and so does not represent a 
behavioural difference between the two populations. Although the two larval habitats are 
spatially isolated within the mangroves, they are joined by creeklines. Light trap studies 
have shown the occurrence of adults along the length of creeklines (section 5.5), 
suggesting that the adult populations emerging from the two habitats do have the 
capacity to intermingle and therefore to interbreed, although the larval populations are 
separate. 

Since the work of Reye and Lee (1963) tidal elevation has been considered to be one of 
the main environmental factors characterising the distribution of C. ornatus emergence 
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sites and larval habitats within mangroves. In 1992 Reye described the C. ornatus larval 
habitat as occurring in a narrow band around Mean High Water Neap (MHWN). While 
the primary C. ornatus habitat found in this study did occur around MHWN (section 2.4), 
emergence also occurred at distinctly different tidal elevations in other parts of the 
mangroves. Emergence in the Sonneratia zone occurred from just below Mean Low 
Water Neap (MLWN) to a little above MSL, while in the wet season emergence occurred 
in the transitional zone between the creekbank forest and the tidal flat at an elevation 
closer to Mean High Water Spring (MHWS) than MHWN. It appears that habitat and 
season are more important than tidal elevation in determining the distribution of 
emergence sites within mangroves. 

The occurrence of C. ornatus emergence sites in two distinctly different habitats within 
mangroves provides an opportunity to identify factors common to both sites. Both 
habitats were characterised by open vegetation and richness of invertebrate fauna. 
Mangrove vegetation is usually fairly dense, the Sonneratia zone being an exception 
with well spaced trees and little or no understorey. Emergence sites in the upper 
reaches of tidal creeks were similar in that the creekbanks were open but also fairly 
sheltered, as the vegetation lines on each side of the creek were beginning to close in 
on each other in these areas. In both habitats emergence decreased rapidly with 
distance into denser vegetation i.e. the Rhizophora zone landward of the Sonneratia and 
the creekbank forest at the top of the creekbanks. The mud surface of both the 
creekbank and Sonneratia zone habitats appeared to contain a rich invertebrate fauna 
(e.g. small Diptera, crabs, molluscs) suggesting that in both these areas there were 
relatively high levels of primary production supporting the higher trophic levels. The 
reasons for this rich fauna are probably different for each habitat and might be related to 
the relatively high levels of decomposing organic matter at creekbank habitats and to the 
presence of surface algae in the Sonneratia zone. The presence of C. ornatus larvae in 
these two habitats is possibly related to the richness of the food supply. It appears that 
vegetation structure and microhabitat type are important in determining the suitability of 
an area as a C. ornatus larval habitat. 

A zone of Sonneratia a/ba at the seaward edge of foreshores and in the lower reaches of 
tidal creeks is common in Darwin Harbour, especially in accreting coastal areas where 
broad mudflats shelve out from the coast (Metcalfe 1993). A seaward Sonneratia zone 
occurs throughout much of northern Australia and on the east coast of Queensland south 
to around Port Douglas (MacNae 1966). Further south the presence of Sonneratia 
becomes erratic and the seaward fringe is predominantly Avicennia, often with dense 
stands of Avicennia and Aegiceras saplings extending seaward of the mature Avicennia 
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trees (MacNae 1966). According to Reye (1992) the southerly limit of C. ornatus on the 
east coast of Australia is Tin Can Bay in southern Queensland. As the distribution of 
C. ornatus extends further south than the limit of distribution of Sonneratia it is 
interesting to speculate on whether C. ornatus larval habitats are likely to occur in the 
Avicennia dominated foreshores south of Port Douglas. Previous studies in tidal creeks 
showed a strong correlation between the numbers of adults emerging and Avicennia 
pneumatophore density (section 2.4.2). Consequently it is likely that the mud surface of 
Avicennia dominated foreshores would be suitable as C. ornatus larval sites. Another 
factor that appears to be necessary for larval habitats is an openness to the vegetation 
structure e.g. the edges of the creekbank forest and the parkland nature of the 
Sonneratia zone. Whether Avicennia foreshores are suitable in this regard is not clear 
from the published literature and would be unlikely where dense stands of saplings are 
present as described by MacNae (1966). If little understorey was present then Avicennia 
foreshores could be productive C. ornatus habitats. 

3.4.2 - Sandy Creek 

Introduction 

The small tidal tributaries of Sadgroves Creek studied in section 3.3 were typical of most 
of the small creeks in Darwin Harbour in that they completely emptied of water on the 
low spring tides. Some creeks, such as Sandy Creek at Casuarina Coastal Reserve just 
north of Darwin, emptied onto sandy beaches. These creeks had sandbars at their 
mouths which limited the amount of water which could flow out on the ebb tides, 
resulting in permanent water in the creekline. Sandy Creek was also unusual in that it 
had a small inflow of freshwater throughout the dry season. Sandy Creek was examined 
for the presence of emerging C. ornatus adults in 1997 in an attempt to relate variations 
in creek structure to variations in midge productivity. 

Methods 

Emergence trapping was undertaken at six sites along Sandy Creek (plate 3.3). The 
mouth of Sandy Creek opens onto Casuarina Beach and for most of its length the 
creekline runs parallel to the coastline between low ridges of sand covered in grassland 
and monsoon vineforest. The inflow of freshwater in the dry season is almost entirely 
due to urban runoff from storm water drains which empty into the upper reaches of the 
creek. Six transects each of five emergence traps were sampled over three consecutive 
neap tide periods between late July 1997 and early August 1997. The traps of each 
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Plate 3.3 - Aerial photograph of Sandy Creek in Casuarina Coastal Reserve with 
emergence trap transects marked. See plate 1.1 for locality map. 
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transect were positioned so that they extended across the entire width of mangrove 
vegetation between the edge of the creekbank and the hinterland margin. Traps were 
emptied daily and the tidal elevation along each transect measured with tide height 
meters as previously described (section 2.4). 

Results 

No C. am atus were recorded from any of the emergence traps in Sandy Creek. Profiles 
of the tidal elevation of the creekbank along each transect are given in figure 3.15. 
Transects A, B, C and D all had permanent water in the creekline and consequently the 
tidal elevation of the invert of the creekline of the two most downstream transects (A and 
B) was not measured. The water level in the creekline at transects A and B at a low 
spring tide was just below 4.9 m ACD which approximately equals Mean High Water 
Neap (MHWN). Unlike the tidal creeks of the Sadgroves Creek area which had a distinct 
pattern of vegetation zonation parallel to the creekline (section 2.4.3), clear zonation 
patterns in Sandy Creek were rarely apparent. The dominant mangrove species in 
Sandy Creek were Rhizophora and Avicennia, with the former dominating in the 
downstream reaches of the creek and the latter in the upstream reaches. The dominant 
mangrove species in the creekbank forests of Sadgroves Creek, Bruguiera, was 
uncommon in Sandy Creek. Sandy Creek also differed from Sadgroves Creek in the 
relatively sandy nature of the mud surface, the lack of open creekbanks, and the 
presence of permanent water in much of the creekline (plate 3.4). 

Discussion 

The permanent water in the creekline of Sandy Creek appeared to be due to Casuarina 
Beach acting as a sandbar at the creek mouth and preventing the outflow of water below 
about 4.6 m ACD. Rockbars in the middle reaches of the creek also blocked the outflow 
of water which meant that the minimum water level in this part of the creek was even 
higher (e.g. 5.1 m ACD and 5.5 m ACD at transects C and 0 respectively). Along the 
length of Sandy Creek the edge of the vegetation usually came down to the level of the 
permanent water and consequently there were no open creekbanks along the creekline. 
As the open creekbank at the edge of the vegetation line was the primary C. ornatus 
emergence site identified in Sadgroves Creek, the lack of open creekbanks in Sandy 
Creek would explain the lack of emergence in this area. As Sandy Creek and Sadgroves 
Creek were not comparable in structure and hydrology, the effect on emergence of other 
factors such as the high sand content of the mud and the constant freshwater inflow 
could not be determined. 
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Plate 3.4 - The creekilne of Sandy Creek on a low spring tide. Note that the 
permanent water in the creekline does not fall below about Mean High Water Neap. 
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The control of pest species of biting midge by the alteration of larval habitats through 
impounding combined with flooding has been used in North America since the early 
1950's (Linley 1976). In Queensland this method has been used with apparent success 
on one occasion for the control of C. ornatus (Reye, pers. comm.), and Whelan et al. 
(1996) suggest that it is probably only suitable where there are small localised larval 
habitats and with small tidal ranges. Sandy Creek with a permanently high water level 
due to the sandbar at the mouth of the creek and rockbars further upstream could be 
regarded as a naturally impounded creek and as such provides a model for the potential 
effectiveness of this control method in a macrotidal environment in northern Australia. 
The minimum level of permanent water in Sandy Creek ranged from just below MHWN 
in the lower reaches to about 0.5 m above MHWN in the middle reaches. These 
elevations are around where the vegetation line starts on the creekbanks of tidal creeks 
in Darwin Harbour (Woodroffe and Bardsley 1988) and so flooding to the vegetation line 
appears to have the potential to completely remove the most productive C. ornatus 
larval habitats in a creek. Whether other factors such as the permanent inflow of 
freshwater or the high sand content of the mud were also involved in making Sandy 
Creek unsuitable for C. ornatus needs to be determined before the usefulness of 
flooding as a control method can be ascertained. 

Impounding and flooding would be most cost effective as a control method where there 
is a single creekline, such as in Sandy Creek. Where there is a dendritic network of 
small tidal tributaries each supporting larval habitats such as in Sadgroves Creek, 
impounding and flooding would be much more difficult to implement from an 
engineering perspective and consequently expensive to undertake. Profound ecological 
changes would also occur in the area surrounding a permanently flooded creek. A 
permanently high water level would increase the height of the water table in the 
surrounding area and consequently affect vegetation. In Sandy Creek the vegetation 
differed from that of creeks in Darwin Harbour in that Bruguiera was uncommon in the 
creekbank forest, which was dominated by Rhizophora. In the Sadgroves Creek area the 
creekbank forests near emergence sites were dominated by Bruguiera, although 
Rhizophora was common. This suggests that permanently flooding the open creekbanks 
of a tidal creek to the edge of the vegetation line might cause the mortality of much of 
the Bruguiera in the creekbank forest but that it would be eventually replaced, probably 
by Rhizophora. Undoubtedly many other less obvious but equally important changes 
would occur to the ecology of the area surrounding a permanently flooded creek. 
Permanent flooding would kill all mangrove vegetation below the stable flooded level. 



The high levels of emergence found in Sadgroves Creek and the complete lack of 
emergence in Sandy Creek shows how great an effect creek structure can have on the 
availability of emergence sites in a creek. The differences between Sadgroves Creek 
and Sandy Creek appeared to be related to geomorphology and the effect that this had 
on the hydrology of the creeks. Although the tidal creeks studied in the Sadgroves Creek 
area were structurally typical of creeks in Darwin Harbour (Semeniuk 1985a,b) there is 
clearly an element of risk in generalising about the occurrence of emergence sites in 
mangrove-lined creeks without having some knowledge of the structure of the creeks 
involved. Predicting the potential C. ornatus pest problem in an area near mangroves 
clearly requires some knowledge of the structure of the creeks in the area. 

107 



CHAPTER 4— THE TIMING OF EMERGENCE CYCLES 

4.1 - Introduction 

Cyclic emergence activity in C. ornatus around the time of the fortnightly neap tides was 
first shown to occur by Reye and Lee (1963). Cyclic behaviour in other intertidal 
invertebrates can be regulated by a range of environmental cues including periodic 
changes in the light-dark, lunar, tidal and tidal amplitude cycles (Morgan 1995). 
Synchronisation with the light-dark and lunar cycles are controlled by variations in solar 
and lunar illumination respectively, while synchronisation with tides can involve 
fluctuations in hydrostatic pressure, temperature, salinity, vibrations, immersion time, or 
oxidants (Morgan 1995). In addition to using external environmental cues, most, if not all 
animals that display cyclic behaviour, also time their behaviour endogenously so that the 
cycle can be maintained in the absence of the environmental cue e.g. when a cue such 
as moonlight is obscured by clouds (Saunders 1977). As cyclic behaviour in most 
intertidal invertebrates is regulated by either the tidal or lunar cycles or by a combination 
of the two, it is possible that emergence in C. ornatus could be controlled by these cues. 
The daily pattern of emergence in C. ornatus was examined to try to determine if the 
tidal or lunar cycles were involved in regulating the processes leading to emergence in 
this species. 

4.2— Methods 

During the course of this project emergence cycles were always monitored on a daily 
basis to gain information on the timing of emergence (see chapter 2 for details). The 
daily pattern of emergence at different localities was compared using data collected in 
Creek B and data collected concurrently in Creeks C, D and E (section 3.3). Seasonal 
changes in the fortnightly patterns of emergence at creekbank sites in Creek B were 
examined in eighteen consecutive emergence cycles between February and November 
1996 (sections 3.2). Emergence in the transitional zone of Creek B was examined in ten 
consecutive emergence cycles sampled between January and May 1996 (section 3.2). 
Attempts were made to correlate differences in the timing of fortnightly emergence 
cycles with changes in the tidal and lunar cycles. The pattern of emergence in the 
Sonneratia zone of a foreshore site was examined from data gathered over two 
emergence cycles in the late dry season of 1997 (section 3.4). 

The effect of tidal elevation on the timing of emergence cycles was examined from two 
sets of data. Firstly, emergence was compared at three sites with distinctly different 
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elevations concurrently sampled in early October 1997. These sites were - the 
Sonneratia zone of the foreshore site described in section 3.4 (3.5 m ACD); the 
creekbank site in Creek B used in the seasonal study described in section 3.2 (5.0 m 
ACD); and the site at the landward edge of the creekbank forest of Creek D described in 
section 3.2 (6.0 m ACD). Secondly, the daily emergence pattern recorded from 
individual traps at different elevations along transect G in Creek B were compared using 
data gathered in the seasonal study (section 3.2). The recorded tide heights at any 
particular time were calculated from the six minute tide height data recorded by the 
Power and Water Authority's Tide Recording Facility situated nearby at Stoke's Hill 
Wharf. Unless otherwise stated, the day of peak male emergence was used as a simple 
measure of the time of occurrence of an emergence cycle in subsequent analyses. 

4.3 - Results 

Male emergence always peaked before that of the females, occurring one or two and 
occasionally three days earlier (figures 4.1 and 4.2). In creeks, emergence in each sex 
usually occurred in a fairly discrete peak of three or four days duration, around or just 
after the time of the neap tide. On all occasions that two tidal creeks were sampled 
concurrently, the shape and timing of the emergence peaks were similar in each creek 
(see figure 4.3 for two examples). In creeks, male emergence usually peaked on either 
the day of the neap tide (N) or the following day (N+1) and female emergence usually 
peaked between N+1 and N+3. There was no clear seasonal pattern in the timing of 
emergence relative to the tidal cycle (figure 4.4) or lunar cycle (figure 4.5), unless pre-
full moon and pre-new moon cycles were examined separately. There was also little 
difference between the patterns of emergence relative to the tidal and the lunar cycles 
(compare figure 4.4 to figure 4.5). 

Emergence in the transitional zone also occurred in discrete peaks around or just after 
the time of the neap tide, but differed from creekbank sites in that most emergence 
usually occurred on a single day (figure 4.6). The shape and timing of emergence cycles 
were quite different in the Sonneratia zone compared to tidal creeks. In the Sonneratia 
zone emergence was less discrete than in tidal creeks, occurring over about nine days 
for both males and females (figure 4.7). During the two emergence cycles sampled in 
the Sonneratia zone peak male emergence occurred on either N-4 or N-5 and peak 
female emergence on either N-2 or N-i. The start of the emergence period in the 
Sonneratia zone was around the time of the spring tide for both sexes. 
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Figure 4.1 - The daily emergence of C. ornatus at transect G in Creek B over ten 
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A trend of emergence occurring later at higher tidal elevations was observed in most of 
the emergence cycles sampled. Concurrent sampling in the Sonneratia zone (3.5 m 
ACD) and on the creekbank of Creek B (5.0 m ACD) indicated an approximately four 
day difference in the time of peak emergence, while between the creekbank site and the 
landward edge of the creekbank forest (6.0 m ACD) the difference was approximately 
half a day (figure 4.8). During the late September 1996 emergence cycle sampled in 
Creek B, emergence in both sexes occurred one day later in trap C at 5.6 m ACD than in 
trap A at 4.9 m ACD (figure 4.9). Emergence in trap B at 5.3 m ACD showed an 
intermediate response. 

4.4 - Discussion 

Male emergence in C. ornatus was always observed to peak prior to that of the females, 
a pattern common in ceratopogonids (Kettle 1995). Reye (1993) reported male 
C. ornatus emerging one to two days before females, similar to the time difference 
observed in this study. A striking feature of the emergence cycles observed at 
creekbank sites was the similarity of their timing and shape at different sites that were 
concurrently sampled (e.g. figure 4.3). This suggests that variations in the timing and 
shape of emergence cycles are controlled by environmental cues that occur throughout 
the mangroves such as the tidal and lunar cycles, rather than by site specific factors. 
The relatively long and gradual female emergence peaks seen in both Creek B and 
Creek 0 in late July 1996 (figure 4.3) were unusual in shape and also in timing, 
occurring relatively early in the tidal and lunar cycles. The emergence peaks seen in 
Creek B and Creek D in late September 1996 (figure 4.3) were more typical of the 
emergence cycles recorded, with the majority of midges emerging over two or three 
days in each sex. 

The chironomid genus Clunio is one of the few groups of intertidal invertebrates in which 
the mechanisms controlling rhythmic activities related to development and reproduction 
are well understood. The processes leading up to and including emergence in Clunio 
populations from temperate and subtropical regions are synchronised by environmental 
cues at three successive stages in the development of the insect (Neumann 1987). 
Populations are first synchronised as early fourth instar larvae and then again when the 
fourth instar larvae pupate. At both these times synchronisation is controlled by an 
endogenous circasemilunar (approximately 15 day) clock that is reset every month by 
moonlight around the time of the full moon. Emergence follows 4 to 5 days after 
pupation. The third and final synchronisation of development determines the specific 
time of day at which emergence occurs and is controlled by an endogenous circadian 
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(approximately 1 day) clock linked to the 24 hr light-dark cycle. The days on which 
emergence occurs are therefore not directly determined by an environmental cue but 
rather are a consequence of the synchronisation of the pupation cycle. 

As there were many occasions when neither the tidal nor lunar cycles appeared to be 
exerting an effect on the emergence site at the time of emergence, it is probable that the 
timing of emergence in C. ornatus is also determined by the timing of pupation. It is 
difficult to imagine how the tidal cycle could be directly influencing emergence as 
synchronised emergence occurred at sites that had not been inundated by a tide for a 
number of days, in addition to sites that were under tidal influence at the time of 
emergence. This was most apparent in the transitional zone where synchronised 
emergence in the wet and early dry seasons was occurring at an elevation of 6.6 m ACD 
(figure 4.6). This elevation was just below Mean High Water Spring and well above the 
height reached by the neap tides that occurred around this time. It is also difficult to 
imagine how the lunar cycle could be directly effecting emergence unless pupae are 
highly sensitive to low levels of moonlight. Emergence often occurred at times in the 
lunar cycle when the emergence habitat would have had very little exposure to 
moonlight. This was most apparent on the June and July 1996 pre-full moon cycles 
when peak creekbank emergence was recorded one day after the day of the quarter 
moon (figure 4.5). At this stage of the lunar cycle moonlight had less than 20% of the 
illumination of the full moon (calculated from data in Bowden 1973) and was low in the 
night sky, setting about five hours after sunset. At this time the creekbank emergence 
habitats were underwater for about half the time that the moon was in the night sky, 
further decreasing the amount of moonlight that would have reached the mud surface. 

As laboratory reared C. omatus pupae were found to take about three days to develop 
from pupation to emergence, the approximate time of pupation in field populations could 
be estimated from the known time of emergence. This assumes that pupae were 
emerging when they had matured and emergence was not postponed for any reason. 
An indication of whether there was enough moonlight to synchronise pupation can be 
gained from determining the minimum amount of lunar illumination that occurred at the 
estimated times of peak pupation. The lowest levels of moonlight would have occurred 
either when pupation occurred early in pre-full moon cycles (when the moon was 
waxing) or late in pre-new moon cycles (when the moon was waning). In both of these 
instances emergence cycles were identified where the minimum lunar illumination at the 
estimated time of peak pupation was about 5% of the illumination of the full moon 
(calculated from data in Bowden 1973). It seems unlikely that larvae living in the surface 
mud of a mangrove forest could sense such low levels of moonlight, especially when the 
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moon would have been in the night sky for only three or four hours and at a low 
elevation above the horizon. If moonlight is not synchronising pupation then some 
aspect of the tidal cycle is likely to be involved 

At a creekbank site in Creek B, the day of peak emergence (and presumably of 
pupation) in each fortnightly tidal cycle varied relative to the tidal and lunar cycles by up 
to three and a half days through 1996 (figures 4.4 and 4.5). When the emergence cycles 
were grouped into pre-full moon and pre-new moon cycles gradual shifts in the timing of 
emergence were apparent through the year suggesting the influence a gradually 
changing environmental variable such as the tidal cycle (figures 4.4 and 4.5). The only 
strong correlation found between these seasonal changes in emergence timing and a 
seasonal change in tidal amplitude was between the pre-full moon emergence cycles 
and height of the previous dusk high spring tide (figure 4.10). As there was no similar 
correlation on pre-new moon cycles, the seasonal change in emergence timing does not 
seem to be directly related to tidal amplitude. 

The pattern of emergence in the Sonneratia zone was quite different from that seen at 
creekbank sites, occurring earlier in the tidal cycle and in lasting for a greater number of 
days (figure 4.7). Concurrent sampling at different elevations indicated that the trend of 
emergence occurring on subsequent days at higher elevations applied across all 
elevations sampled i.e. from the Sonneratia zone (3.5 m ACD) to the transitional zone at 
the back edge of the creekbank forest (6.0 m ACD) (figure 4.8). This trend was also 
visible in the individual trap data of most transects at creekbank sites. The example 
given in figure 4.9 showing emergence occurring gradually later in the fortnightly tide 
cycle in traps at slightly higher elevations was typical of most emergence cycles 
sampled at creekbank sites. 

A possible tidal cue that occurs at slightly higher elevations on subsequent days of the 
tide cycle is the exposure of the mud surface by an ebb tide at a particular time of day. 
The increase in elevation that is exposed on subsequent days, is due to the daily shift in 
the 12.4 hr tide cycle. Submergence by a flood tide at a particular time of day occurs at 
lower elevations on subsequent days. The perception of a tidal cue at a particular time of 
day is a simple method of synchronising a circasemilunar rhythm, as the cue will only 
occur at that time of day once in every fortnightly tide cycle. A number of intertidal 
organisms are known to use the circadian perception of a tidal cue to synchronise a 
fortnightly behavioural activity (Saunders 1977). If pupation in C. ornatus is synchronised 
by the circadian perception of a factor related to exposure by an ebb tide then this would 
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produce a fortnightly cycle of pupation (and consequently emergence) that occurs at 

slightly higher elevations on subsequent days of the tide cycle, as was observed. 

The circadian basis of the perception of a tidal factor has been shown to regulate 

circasemilunar rhythms of development and pupation in Clunio populations from 

latitudes where moonlight levels were presumably too low to synchronise the rhythm 

(Neumann 1988). The circasemilunar rhythms in populations from latitudes 500  N and 

above were found to be synchronised by the ending of at least six hours mechanical 

disturbance of the water. In the field, water disturbances were stronger on rising than 

fatling tides, correlating to waves breaking on the shore. Stimulation of larvae was 

thought to be caused by either water turbulence, vibration of the substrate, or possibly 

by underwater sound. In C. ornatus the trend of emergence occurring at higher 

elevations on subsequent days strongly suggests that pupation was synchronised by the 

circadian perception of a factor related to exposure by the outgoing tide. If this is correct 

then at any elevation, on the day of peak pupation at this elevation, the time of exposure 

by the ebb tide should be the same. To test this, a comparison was made of the time of 

exposure when pupation was estimated to have occurred, at a variety of concurrently 

sampled sites at different elevations. 

Three sites covering almost the entire range of tidal elevations at which C. orn atus 

occurs were concurrently sampled in early October 1997 (emergence cycles illustrated 

in figure 4.8). One site was at the mouth of Creek B (3.5 m ACD) and the other two 

(5.0 m ACD and 6.0 m ACD) in the upstream reaches of Creek B and Creek D 

respectively. If pupation occurs approximately three days prior to the day of emergence, 

then the two ebb tides (nocturnal and diurnal) that occur around this time must each be 

considered as possibly being involved in regulating pupation. The times of exposure of 

the mud surface by each of these tides on the estimated days of pupation, along with the 

proportion of the total emergence that occurred three days later, are given for the three 

sites in table 4.1. Regardless of the elevation of the site, exposure by the ebb tide on the 

estimated days of peak pupation occurred at similar times. As the diurnal tide was not 

high enough to reach the emergence site at 6.0 m ACD on the day when peak pupation 

was estimated to have occurred, it appears most likely that it was the nocturnal ebb tide 

that occurred prior to this that was involved in synchronising pupation. The times of 

exposure by the nocturnal ebb tides at the estimated times of peak pupation were 22:28 

hr, 23:10 hr and 22:24 hr at 3.5 m ACD, 5.0 m ACD and 6.0 m ACD respectively. 

The similarity of these times across the range of elevations examined fits the suggested 

model that pupation is being regulated by exposure of the habitat at a particular time of 
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Table 4.1 - Day of emergence, proportion emerging and time of exposure by the 

ebb tide on the estimated day of pupation. Pupation estimated to occur 

approximately three days prior to emergence. Exposure times determined for two ebb 

tides that occurred around this time. 

Elevation Day of emergence Proportion 
emerging 

Time of 
exposure at 

pupation 
(night tide) 

Time of 
exposure at 

pupation 
(day tide) 

3.5mACD 6.10.97 N-5 19% 21:57 9:57 

7.10.97 N-4 41% 22:28 10:21 

8.10.97 N-3 19% 22:57 10:44 

5.0m ACD 10.10.97 N-i 37% 22:57 10:21 

11.10.97 N 48% 23:24 10:40 

6.0mACD 11.10.97 N 76% 22:24 - 
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day. These results indicate that the optimum time of exposure for peak pupation is 

between 22:24 hr and 23:10 hr. Exposure at this time occurred about four days earlier in 

the Sonneratia zone (3.5 m ACD) than in the transitional zone (6.0 m ACD), which 

explains why emergence also occurred about four days earlier at the lower elevation. 

Using the same approach as that described above, the times of exposure on the 

estimated days of pupation were compared for three traps on the creekbank at transect 

G in Creek B sampled in late September 1996 (emergence cycles illustrated in figure 

4.9). The times of exposure at the estimated times of pupation were plotted against 

subsequent emergence for each of three consecutive days for each trap and this was 

repeated for each sex (figure 4.11). The results for both sexes indicated that, regardless 

of elevation, the closer exposure by the tide was to a particular time of the night, then the 

greater the proportion of larvae that pupated and subsequently emerged. Greatest 

pupation appeared to have occurred when the habitat was exposed by the nocturnal ebb 

tide at about 23:20 hr for males and 23:50 hr for females. The time for males was close 

to the time determined in the early October 1997 study described above (23:10 hr) which 

was undertaken at the same site. These results lend further support to the idea that the 

timing of emergence is due to pupation being regulated by exposure by the tide. The 

results also show how a half hour difference between males and females for the 

optimum time for perception of the tidal cue can lead to a one and a half day difference 

in the day of pupation and consequently emergence. Although these data do not indicate 

the specific aspect of the falling tide to which larvae might be responding, there would 

presumably be many changes in the larval environment at the time of exposure which 

larvae would be capable of sensing, such as changes in temperature, hydrostatic 

pressure and turbulence. 

Fortnightly emergence in C. ornatus was previously shown to be consistently greater on 

pre-full moon emergence cycles than on pre-new moon cycles, i.e. on every second 

cycle (section 3.2). It is reasonable to assume that a greater proportion of a population 

will display a cyclic behaviour such as pupation or emergence when synchronised by an 

environmental cue rather than when relying on an endogenous behavioural rhythm in the 

absence of the external cue. This suggests that the difference in emergence levels 

between pre-full moon and pie-new moon cycles might have been due to the 

synchronisation of some aspect of the midge's development leading to emergence in 

every second cycle i.e. once a month. As there are no obvious tidal cues that occur on a 

monthly basis and as moonlight levels are high every month, it appears likely that 

moonlight was the environmental cue involved. This is surprising as it was shown above 

that at the times of pupation and emergence, moonlight levels were almost certainly too 
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Figure 4.11 — Daily C. ornatus emergence relative to the time of exposure by the 
tide on the estimated day of pupation. Data given for three traps over three 
consecutive days at transect G of Creek B in late September 1996. The numbers 
emerging per trap each day are given as a percentage of the total number emerging in 
that trap over the entire emergence cycle. Pupation is assumed to occur on the 
nocturnal ebb tide 3 days prior to emergence. 

126 

Females 
• A Trap A - 4.9m ACD 

• Trap B-5.3mACD 
• Trap C-5.6mACDj 

A 

• 

A 

A 



low to have had an effect. A possible explanation lies in the synchronisation of the 

developmental processes leading to pupation. In Ciunio it has been shown that 

development in the larval population is first synchronised in early fourth instars when 

imaginal discs are starting to develop and then again at the time of pupation (Neumann 

1987). If the C. ornatus larval population is also first synchronised as early fourth instars 

then this process must also be controlled by an environmental cue. If moonlight around 

the time of the full moon was this environmental cue, then the greater pre-full moon 

emergence could be explained. An interesting outcome of this speculation is that it 

allows a rough estimation to be made of the duration of the fourth instar stage and from 

this an estimate can be made of the egg to adult period. As full moons occur about three 

weeks prior to the estimated time of pupation in pre-full moon emergence cycles, then 

the length of time spent as a fourth instar is probably around three weeks. Laboratory 

studies on two Culicoides species have indicated that about half the larval life is spent in 

the fourth instar stage (Linley 1969; Edwards 1982) which suggests C. ornafus probably 

spends about six weeks in total as a larva. Laboratory rearing of eggs obtained from 

blood fed females, and of pupae obtained from field collected larvae, indicated at least 

three days development for each of the egg and pupal stages, giving a total egg to adult 

period of about seven weeks. This is similar to the egg to adult period of six weeks 

suggested by Reye (1964). Pupae were reared in mangrove mud at 25°C. 
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CHAPTER 5—ADULT BEHAVIOUR WITHIN THE MANGROVE FOREST 

5.1 - Introduction 

The emergence of C. ornatus adults is known to occur around the time of the fortnightly 
neap tides (Reye 1992), while the greatest pest problems occur in hinterland areas 
around the time of the fortnightly spring tides (Whelan and Hayes 1993). It has been 
suggested that the time lag between emergence in the mangroves and peak host 
seeking activity in the hinterland a few days later is due to the C. ornatus females 
maturing and laying a batch of eggs autogenously within the mangroves prior to moving 
into the hinterland (Liehne 1985). To determine the pattern of movement of adults within 
the mangroves in the few days after emergence, a series of light trapping, emergence 
trapping and biting rate studies were undertaken in the vicinity of an emergence site in 
the upper reaches of Creek B. It was necessary to develop appropriate methods for use 
in the light trapping and biting rate studies. 

5.2 - Light trap design and use 

The main features required of a light trap for the present study were: portability (small 
size and light weight) so that traps could be used within the mangrove forest; 
effectiveness in catching both male and female C. ornatus; low running costs; and 
simplicity of design and construction. A fanless trap fitting most of these requirements 
was developed by Hagan and Graff (1989) for work with Cu//co/des, so traps of this 
design were used in initial sampling trials. The traps were found to be inconvenient for 
field use due to their weight, and expensive to run due to their battery requirements. 
They were consequently modified to include features of a small, light-weight trap 
designed by E. Reye (pers. comm.) and the resulting light trap is described below 
(plate 5.1). 

The trap operated on the same principle as the Hagan and Graff trap, catching insects in 
a container of alcohol suspended just below a small light bulb, but was constructed of 
lighter materials and used a smaller power supply. The trap consisted of two plastic 
containers, the upper containing the battery pack and supporting the light bulb and the 
lower being the collection container and holding 400 ml of 80% ethyl alcohol. The lids of 
the two containers were joined by a 5 cm wide circular band of 2 mm nylon mesh which 
excluded larger insects from the trap and hence decreased sorting time. The lid of the 
lower container had a large hole cut in its centre so that insects entering the trap through 
the nylon mesh were exposed to the alcohol. 

128 



Plate 5.1 - Portable light trap designed for use within the mangroves. 
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The upper and lower containers were both 600 ml, disposable, plastic dishes with lids 
(Detpak SB600). The upper container was inverted and enclosed a plastic battery pack 
containing two 'D' size, 1.5 volt, alkaline batteries. These were connected to an 
Eveready® HPR-52, 2.8 volt, 0.85 amp, halogen lightbulb which hung below the upper 
container. This battery and bulb combination provided illumination for approximately 12 
hours. A 25.5 cm diameter plastic plate with a 13.3 cm hole cut in the centre was used 
as a rain shield and rested on the lower edge of the upper container. When in use the 
trap was hung from a tree branch at head height, or higher if necessary to avoid flooding 
by spring tides. Traps were set at dusk and collected the following morning, by which 
time the batteries were totally drained. Initial trials showed that the traps were ineffective 
in catching insects until there was complete darkness i.e. about 45 min after sunset. All 
Cu//co/des caught were separated from other insects, identified to species, and stored in 
70% alcohol. 

5.3 - Reproductive age grading of females 

Introduction 

A method of identifying parous and nulliparous Culicoides females using the degree of 
abdominal pigmentation was first described by Dyce (1969). Akey and Potter (1979) 
quantified the reliability of the method, while Linley and Braverman (1986) gave a 
quantitative analysis of the changes in pigmentation that occurred after emergence, 
oviposition and blood feeding, and through two gonotrophic cycles. This method has 
been widely used to analyse population age structures due to its suitability for the rapid 
age grading of field collections (Walker 1977; Birley and Boorman 1982; Mullens and 
Schmidtmann 1982). 

The C. ornatus females caught in light traps within the mangroves in the current study 
could be grouped into a number of age classes based on morphology, abdominal 
pigmentation and reproductive status. These groupings proved useful in helping to 
understand population structure, especially in relation to reproductive biology and 
autogeny, spatial and temporal abundance, and dispersal. The classes used are 
described below, and some of the implications they have for understanding the 
reproductive biology of the species are discussed. 
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Methods 

Females C. ornatus were collected with light traps at a variety of sites along the banks of 
tidal creeks, within the mangrove forest and in the hinterland, during the course of this 
project. The age classes most commonly encountered were classified according to 
characteristics of appearance visible in whole insects (i.e. without dissection) under the 
low power of a dissecting microscope. Identification of parous and nulliparous 
individuals was based on the degree of abdominal pigmentation, darkly pigmented 
females being regarded as parous and unpigmented females as nulliparous. 

Results 

The females collected could be divided into three distinctive groups based on the 
appearance of the whole insect. These groups were newly emerged females, gravid 
females, and the remaining non-gravid females. The non-gravid females were divided 
into parous and nulliparous on basis of the degree of abdominal pigmentation, although 
there was some uncertainty as to the accuracy of this method for determining parity in 
C. ornatus as discussed below. 

Newly emerged females had some or all of the following features - dorsal and ventral 
surfaces of wings not fused except at the edges, giving a bubble-like appearance to 
each wing; abdomen not fully expanded, segments partly overlapping; abdomen 
unpigmented, with a solid, milky white appearance (no opaque areas). Gravid females 
were identified by the presence of cigar-shaped developing eggs visible through the 
abdominal wall. Most gravids were either unpigmented or faintly pigmented and as such 
were regarded as nullipares. Darkly pigmented gravids were rare and were considered 
to be parous. Most of the remaining non-newly-emerged and non-gravid females were 
lightly pigmented, although there was a continuum in appearance from unpigmented 
through to darkly pigmented. As gravid nullipares become parous after oviposition, the 
small amount of pigment seen in the faintly pigmented gravid females was used as an 
indication of the amount of pigment to be expected in the most lightly pigmented pares 
and as such was used as the level of pigmentation that distinguishes between nullipares 
and pares. Many females had abdomens distended by a colourless liquid, possibly 
nectar stored in the crop. 
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Discussion 

The recognition of parity in female biting midges is an important technique for 
understanding their reproductive biology and population age structure. Dyce first 
described how the presence of a burgundy-red pigment in the abdominal wall of female 
Culicoides provided a simple method for determining parity without dissection. This 
pigment was seen in gravid females of both autogenous and anautogenous species. 
Linley and Braverman (1986) quantified the rate of development of abdominal pigment 
in two Culicoides species, and found that the anautogenous species (C. variipennis) only 
developed pigment after a blood meal, while the autogenous species (C. furens) 
developed pigment at a constant rate from the time of emergence. This pigment was 
discernible in some autogenous females at 24 hr post-emergence and was easily visible 
by 48 hr. After the first ovarian cycle, females of the anautogenous species contained on 
average more pigment than females of the autogenous species. To accurately 
determine parity in a midge it is clearly necessary to know both whether the species is 
autogenous or anautogenous, and if autogeny does occur, whether it is facultative or 
obligatory in the population. 

The majority of gravid females collected in this study were either unpigmented or faintly 
pigmented, and did not show any sign of having recently taken a blood meal, such as a 
partially digested blood clot. Their peak occurrence during or just after peak female 
emergence (see section 5.4) and their lack of pigmentation or signs of a blood meal in 
the gut indicated that they were recently emerged autogenous females in their first 
ovarian cycle. Around the time of emergence at creekbank sites these gravid nullipares 
were often the dominant cohort taken in light traps. Although it was not possible to 
determine the proportion of the female population that was autogenous, unpigmented 
females that were not either newly emerged or gravid were uncommon, suggesting that 
autogeny might be obligatory for the majority of C. orn atus females. 

The accurate determination of parity in the non-gravid females was difficult based on 
abdominal pigmentation, as they displayed a continuum in appearance from 
unpigmented through to darkly pigmented. Newly emerged females were not kept in the 
laboratory to follow ovarian development. If autogeny is common or obligatory in 
C. ornatus then the lightly pigmented non-gravids were likely to be parous females that 
had laid their first batch of eggs autogenously and had yet to take a blood meal prior to 
their second ovarian cycle. Although the small amount of pigment seen in most gravid 
females gave some indication of the amount of pigment to be expected in the most 
lightly pigmented pares, there was some uncertainty as to the correct determination of 

132 



parity in faintly pigmented individuals. Even when Linley and Braverman (1986) 
quantified the amount of pigment in autogenous C. furens females by photomicroscopy, 
they estimated that greater than 30% of uniparous females might be mistaken as 
nulliparous by the pigmentation method alone. Although there was some uncertainty in 
the accurate age grading of lightly pigmented females, light trap catches of females 
were divided into the following four groups based on appearance - nulliparous (newly 
emerged), nulliparous (gravid), nulliparous (others) and parous. 

5.4 - Landward dispersal of females 

Introduction 

High numbers of C. omatus females can occur for over 1 km inland from their mangrove 
breeding sites (Reye 1973; Liehne 1985). The movement of females from their 
emergence sites in the mangroves into the hinterland is one of the main reasons why 
this species is such an important pest. A light trap study was undertaken in October 
1995 to gain information on the dispersal behaviour of C. ornatus adults between a 
creekbank emergence site and the hinterland. Emergence trapping was undertaken 
concurrently with the light trapping to determine the time of peak emergence. 

Methods 

Light trapping was undertaken at four sites along a transect from the main C. ornatus 
emergence site on the creekbank of the upper reaches of Creek B to the hinterland 
behind the mangroves. The upper reaches of Creek B run parallel to and about 100 m 
from the hinterland margin. Light traps were placed at the emergence site on the 
creekbank (trap A); midway between the creek and the hinterland on the tidal flat 
(Ceriops)(trap B); about 10 m from the landward edge of the mangroves in the 
hinterland margin zone (Ceriops and Lumnitzera)(trap C); and in the hinterland about 
50 m back from the mangroves (trap D). Between the edge of the mangroves and trap D 
in the hinterland was an open area of low grasses with no trees or shrubs. The location 
of trap sites is illustrated in plate 5.2. Trapping was undertaken for seven consecutive 
nights over the emergence period in late October 1995. Females caught in the light 
traps were age graded as described in section 5.3. Emergence traps were placed in a 
transect across the creekbank near trap A. 
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Plate 5.2 - Aerial photograph of Creek B with the location of light trap sites used 
in the landward dispersal study. 
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Results 

The numbers of males and females caught at the four light trap sites are given in figure 
5.1. On the creekbank (trap A) most males were caught in light traps on day N-i-i. At the 
two other sites within the mangrove forest (traps B and C) males were caught in much 
lower numbers on all days except N+5, when an unusually large catch was recorded in 
trap C in the hinterland margin zone. No males were caught in the hinterland (trap D). 
Females were caught in moderate numbers over a five day period (N to N+4) in light 
traps on the creekbank (trap A). The tidal flat and hinterland margin (traps B and C) 
generally produced low numbers of females, the exception again being in the hinterland 
margin on day N+5 where a large number of females were caught. Trap D in the 
hinterland showed peaks in the numbers of females on days N and N+4. 

The reproductive age grades of the females caught in trap A at the creekbank 
emergence site are given in figure 5.2. Newly emerged females were only recorded at 
this site and only between days N+1 and N+3. The appearance of newly emerged 
females caught in emergence traps does not indicate that females emerge with their 
ovaries already maturing eggs. Gravid nullipares were caught throughout the sampling 
period but in greatest numbers on N4-3, while the remaining nullipares were mostly 
caught on N+3 and N+4. Parous females varied in number throughout the sampling 
period. Most of the females caught in traps B, C and D were parous (88%, 92%, and 
87% respectively). The numbers of males and females emerging at the creekbank site 
are given in figure 5.3. Peak emergence for males occurred on N+1 and for females on 
N+2. Weather conditions were stable until day N+5 when strong, gusty winds were 
recorded. 

Discussion 

At the creekbank site there was a close parallel between the pattern of male emergence 
and the numbers caught in light traps. Low numbers of males were detected throughout 
the emergence period at the two other mangrove sites (traps B and C) and their 
presence at these sites was probably due to a gradual dispersal away from the 
emergence area. The low numbers of males caught at sites away from the creekbank 
indicated that light trapping to identify emergence sites on the basis of the presence of 
males is likely only to be successful if traps are placed at creekbank sites. The close 
parallel between the pattern of male emergence and the numbers caught in light traps at 
the emergence site, suggests that the presence of males in light traps could be used to 
locate emergence sites and possibly to monitor emergence. 
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The relatively high number of males and females caught in the hinterland margin zone 
(trap C) on N+5 was possibly due to the strong, gusty winds which occurred at this time 
(up to 17 km per hour) stopping midge dispersal into the open vegetation of the 
hinterland, and consequently causing midge numbers to build up in the outermost part of 
the mangroves where trap C was located. This is consistent with the suggestions of A. 
Dyce and E. Reye (pers. comm. in Liehne 1985) that C. ornatus females will not fly in 
winds stronger than 7 km per hour. Buffer zones with cleared wind belts have been 
suggested as a method of limiting the landward movement of C. ornatus (Liehne 1985) 
and the results described above suggest that a 50 m wide open area might limit the 
landward dispersal of C. ornafus when there are strong winds. Although the presence of 
a buffer zone between mangroves and residential areas is currently one of the main 
recommendations for protecting communities against C. ornatus attack (Whelan 1996), 
little is known about the strategic use of wind belts within buffer zones to enhance their 
effectiveness and further studies in this area are needed. 

The pattern of occurrence of females in light trap catches at the creekbank site (trap A) 
did not show a close relationship to the time of female emergence, with relatively high 
levels of females being caught both before and after the main emergence period. When 
the females were age graded, trends were apparent in the time of occurrence of the 
different age classes. Newly emerged females were only collected in light traps on the 
three days of peak female emergence, providing an accurate indication of the time of 
female emergence. Their presence in light trap catches might be useful for locating 
emergence sites and monitoring emergence as was suggested for males. Gravid 
nullipares were collected throughout the sampling period, with peak numbers on the day 
after peak emergence. These gravid females were almost certainly autogenous as 
suggested by their lack of pigmentation and their peak occurrence immediately after the 
main emergence period. After oviposition these females would need a blood meal prior 
to maturing their second batch of eggs. If they took 2 to 3 days to mature their first batch 
of eggs as has been shown in other autogenous Culicoides species (e.g. Linley and 
Braverman 1986; Edwards 1982), then they would have started to search for a blood 
meal around N+4 or N+5. This coincided with the nights when large numbers of parous 
C. ornatus females were caught at the hinterland margin and the hinterland sites, which 
suggests that there is a significant landward movement of host seeking females 
immediately after their first autogenous oviposition. 

Emergence in the Sonneratia zone was shown to occur a few days earlier than on 
creekbanks due to the lower elevation of the Sonneratia zone (chapter 4). If both these 
habitats occur in an area, then the landward movement of females from each of these 
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habitats 2 or 3 days after emergence could lead to two peaks of female activity in the 
hinterland during each fortnightly tide cycle. Two peaks in female numbers were 
recorded in the hinterland (trap D) in the current study, on days N and N+4, and are 
probably the results of emergence in the Sonnerafia zone and at the creekbank site 
respectively. The peak recorded on day N+4 in the hinterland probably only indicated the 
start of the landward movement of females around this time, as the windy conditions 
which occurred on day N+5 would have disrupted the dispersal of females. The gravid 
females that were caught in light traps at the creekbank site prior to the main 
emergence period at this site were also possibly females that had dispersed from 
Sonnera f/a zone habitats. 

The movement of C. ornatus females from their breeding sites within mangroves to the 
adjacent hinterland at around the time of the spring tides has been well documented 
(Liehne 1985; Whelan and Hayes 1993). Linley (1976) suggested that the time lag 
between the emergence of the intertidal species C. furens around the time of the neap 
tide and the appearance of biting females around the time of the spring tide was due to 
the females maturing their first batch of eggs autogenously prior to seeking a blood 
meal. This mechanism has also been suggested by Liehne (1985) to explain the similar 
time lag observed in C. ornafus females. 

The results of the current study have verified that C. ornafus females are autogenous 
and that their landward movement around the time of the spring tide is due to the 
dispersal of host seeking females after they have autogenously matured and then laid 
their first batch of eggs. It therefore appears that the spring tide peaks in numbers 
recorded in the hinterland every fortnight (e.g. Liehne 1985; Whelan and Hayes 1993) 
are partly or wholly due to the migration of females that emerged from creekbank sites 
around the time of the previous neap tide. When the landward movement of females 
occurred in the current study, there was a concomitant decrease in the numbers at the 
emergence site to a very low level (figure 5.1). This suggests that most of the recently 
emerged population moved into the hinterland and that this is probably an obligatory 
behaviour pattern for C. orn atus females. 

Female C. ornatus have been collected in moderate numbers over 3 km inland from the 
nearest mangroves, although 1 km to 1.5 km appears to be the usual limit of high 
numbers (Liehne 1985; Whelan et at. 1997). The apparently obligatory movement of 
host seeking females out of the relatively humid and sheltered mangrove forest into the 
open woodland of the hinterland would be expected to entail considerable mortality 
within the population and autogeny might be an adaptation to compensate for these 
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losses. Autogeny might also help maintain the species in its existing breeding sites, 
while females that disperse in search of a blood meal have the role of finding new 
breeding sites (Kettle, pers. corn.). 

5.5 - Distribution of adults along the creekline 

Introduction 

A light trap study conducted in October 1995 demonstrated that the presence of males 
and newly emerged females in light trap catches gave an accurate indication of the time 
of emergence and so could possibly be used to identify the location of emergence sites 
along a creekline (section 5.4). To verify if light traps could accurately determine the 
distribution of emergence sites and to help understand the distribution patterns of adult 
C. ornatus along a tidal creek, light trapping was undertaken along the length of Creek B 
in April 1996. Emergence sites were known to occur in the upper reaches of Creek B 
(section 2.4) and in areas of Sonneratia further downstream near the mouth of 
Sadgroves Creek (section 3.4). 

Methods 

Light trapping was conducted in April 1996 at five sites along Creek B, a small tidal 
creek running into the east side of Sadgroves Creek. Traps were located along the 
length of Creek B as illustrated in plate 5.3. The most downstream trap was E, while the 
most upstream trap was I. Trap H was at the main emergence site in Creek B. The 
degree of exposure of each trap varied depending on the width of the creek, 
downstream sites having greater exposure than upstream sites. Light trapping was 
conducted for three consecutive nights from N to N+2. All females caught were age 
graded as described in section 5.3. Emergence trapping in the upper reaches of 
Creek B (near trap H) was undertaken concurrently with the light trapping to determine 
the time of emergence in this area. 

Results 

The numbers of males and females caught in light traps along Creek B are given in 
figure 5.4. Males and newly emerged females were trapped in their greatest numbers at 
the upstream sites while gravid nulliparous and parous females were collected in their 
greatest numbers at the downstream sites and gradually decreased in number with 
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Plate 5.3 - Aerial photograph of Creek B with the location of light trap sites used 
in the creekline study. 
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distance upstream. At all sites the greatest number of pares were recorded on the first 
day of trapping (N) with numbers decreasing on each of the subsequent days. At the 
most downstream two sites (traps E and F) most gravids were caught on N+1 and N+2; 
at the more upstream sites few gravids were caught. The numbers of pares and gravids 
caught each day in traps E and F are given in figure 5.5. There was no clear pattern in 
the distribution of the other nullipares. Emergence trapping in the upper reaches of the 
creek indicated that peak emergence occurred on N+1 for males and N+2 for females 
(figure 5.6). 

Discussion 

The three days during which light trapping was undertaken coincided with the main 
emergence period in the upper reaches of Creek B and was presumably just after the 
main period of emergence in the Sonneratia zone near the mouth of Sadgroves Creek. 
Both males and newly emerged females were caught in their greatest numbers in the 
light traps located in the upper reaches of Creek B (traps G, H and I) where emergence 
was known to occur. The distribution of newly emerged females closely matched the 
location of the emergence site. The collection of males and newly emerged females at 
the emergence site confirms the suggestion of the previous light trap study (section 5.4) 
that these two cohorts of the adult population could be used to identify the location of 
emergence sites along a creekline. Used in this way light trapping along a creekline 
appears to be a simple and accurate method for identifying C. ornatus emergence sites 
and possibly for monitoring the timing and magnitude of emergence cycles. 

A peak on day N in the numbers of parous females caught, observed at all the trap sites, 
was also seen in the previous light trap study (section 5.4). As peak female emergence 
at the upstream site occurred on N+2, females emerging at the upstream site would 
have become parous 2 or 3 days later on N+4 or N+5. Consequently, the parous 
females that were caught on day N could not have come from the upstream emergence 
site. It is most likely that they emerged from Sonneratia zone habitats just prior to the 
sampling period and were dispersing after having matured and laid their first batch of 
eggs. 

The distribution along the creekline of gravid nullipares, i.e. females autogenously 
maturing their first batch of eggs, showed a similar trend to that of the pares with the 
greatest numbers being caught in the downstream reaches of Creek B. It is possible that 
these gravids had also dispersed from Sonneratia zone habitats as their appearance 
was prior to the expected time of occurrence of gravids from the upstream emergence 
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site in Creek B. The greater exposure of the light traps at the downstream sites might 
have contributed to the relatively large number of both pares and gravids caught in this 
area. 

5.6 - The presence of parous females in emergence traps 

During the emergence trapping undertaken on the creekbank of Creek B in 1995 and 
early 1996 (sections 2.4 and 3.2) low levels of parous females were usually caught in 
emergence traps during the few days following the emergence of nullipars. During two 
emergence cycles at the start of the 1996 dry season unusually high numbers of parous 
females were caught in emergence traps, with more parous than nulliparous females 
being taken (figure 5.6). These parous females were all of uniform appearance, their 
abdomens being faintly pigmented and collapsed. The faint pigmentation and their time 
of occurrence just after the nullipars suggests that these parous females had probably 
emerged a day or two prior to capture and had autogenously matured and laid their first 
batch of eggs. The collapsed appearance of their abdomens indicated that their crops 
were empty and that they had not taken a nectar meal since oviposition, suggesting that 
they had only recently oviposited. 

It was noted that around the time that the parous females appeared in trap catches, that 
the skirt around the base of the traps often did not seat properly on the mud surface, 
creating gaps by which midges could have entered or left the traps. The occurrence of 
these gaps was thought to be due to the greater water movement that occurred at this 
time washing away mud that was used to seal the trap's skirt to the mud surface and the 
skirt's subsequent deposition on the top of Avicennia pneumatophores. When Avicennia 
pneumatoph ores were removed from around the edges of the emergence traps prior to 
sealing the skirt to the mud surface it became rare for gaps to appear under the edges 
of the traps and rare for parous females to occur in trap catches. It appears therefore 
that the parous females were entering the traps via gaps between the trap and the mud 
surface. 

Parous females were also reported in emergence trap catches of an autogenous 
population of C. furens by Linley ef al. (1970b). Linley ef al. suggested that the females 
could have been present on the soil surface when the traps were put in place or could 
have entered under the edges of the traps where the traps were not seated perfectly on 
the soil surface. Linley et al. commented that these C. furens females had collapsed 
abdomens and verified by dissection that they were always parous. In some instances it 
was also determined that they had only recently completed oviposition. The behaviour of 
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C. furens females as described by Linley et al. is strikingly similar to that of C. ornatus 
females seen in the current study. In both species females were autogenous, the only 
non-newly emerged females caught in traps were parous, and these parous females 
appeared to have recently oviposited. Both species probably entered traps via gaps 
near the mud surface. 

Reye (pers. comm.) also caught parous C. ornatus females in emergence traps and he 
suggested that the adult females may have been harbouring in air pockets within crab 
burrows situated under the traps prior to being caught. It is possible that the C. ornatus 
females caught by Reye were entering his traps via gaps near the mud surface, as 
suggested had occurred in the current study. The large numbers of parous females that 
were caught on occasion in the current study suggest that the females were actively 
seeking openings in the mud surface or sheltered spots amongst Avicennia 
pneumatophores, presumably to use as either a harbourage or as an oviposition site. It 
is possible that the females entering the traps were recently emerged gravid nullipars in 
search of an oviposition site and that they were caught after having oviposited within the 
trap, i.e. as parous females. This would account for the uniformity of appearance of 
these females, why their abdomens were collapsed and empty, and why none had 
nectar in their crops. 

5.7 - Biting behaviour 

Introduction 

The large numbers of host seeking C. ornatus females that occur in the hinterland 
around the time of the spring tides every fortnight appear to be the result of the peaks in 
emergence that occur every fortnight around the time of the neap tides (Reye, pers. 
comm.; Whelan and Hayes 1993). Light trapping within the mangroves verified the 
suggestion of Liehne (1985) that the time lag between emergence and the appearance 
of females in the hinterland was due to the females autogenously maturing and laying 
their first batch of eggs prior to moving into the hinterland (section 5.4). Although 
C. ornatus females are crepuscular feeders (Logan etal. 1991), they are known to bite 
throughout the day within mangroves (Reye and Lee 1961; Whelan, pers. comm.). This 
raises the possibility that the day biting rate could be used to monitor for the presence of 
unfed females within mangroves, and accordingly give an indication of female 
movement patterns. Accordingly, a biting rate study was undertaken in the vicinity of an 
emergence site within the mangroves to determine the patterns of movement of host 
seeking females that occur between the time of emergence and the appearance of 



biting females in the hinterland. Due to the high number of host seeking C. ornatus 

females that can occur in the Darwin South area (Whelan and Hayes 1993), landing rate 

was used as an indication of the biting rate, and an original method was developed for 

accurately quantifying the landing rate. 

Methods 

The landing rate was measured using a sticky trap attached to the shin of the person 

sampling. The sticky trap consisted of a sheet of acetate paper 15 cm by 21 cm, 

smeared with a thin coat of castor oil and attached to the shin by two rubber bands. 

Traps were exposed for 5 min in the field after which they were returned to the 

laboratory, the midges removed with a fine needle, washed in a mild detergent solution 

to remove the oil, and then examined in 70% alcohol. 

To determine the C. ornatus biting pattern within the mangroves during an emergence 

cycle, the biting rate was determined at three sites in a transect from an emergence site 

on the creekbank of Creek B to the outermost edge of the mangroves. The three sites 

were the creekbank emergence site, the middle of the tidal flat (Ceriops zone) midway 

between Creek B and the start of the hinterland, and in the hinterland margin zone 

(Ceriops and Lumnitzera). The biting rate was always measured within 1 hr of 12:00 hr 

and sampling was undertaken for ten consecutive days in early October 1995. 

Emergence trapping was undertaken concurrently to determine the pattern of 

emergence. On a number of subsequent occasions between October 1995 and March 

1996 when emergence trapping was undertaken, the biting rate in the hinterland margin 

zone was also determined. 

Results 

The sticky trap method described above was found to be a simple method for obtaining 

a quantitative estimate of numbers biting. The method is attractive in that it does not 

require the sampler to be bitten, which allows quantitative estimates of biting rates to be 

made with much less discomfort to the sampler than is the case with more direct 

methods. This is particularly important when the numbers of midges biting is very high. 

The method could also be used at night when the direct collection of biting females 

would be difficult. During pilot studies, four species of ceratopogonid were collected 

attacking a human host with this method and all four appeared to have a preference for 

biting at the level of the ankles and shins, even when the upper legs, arms and head 

were exposed. The species collected were C. ornatus, C. flumineus, C. undescribed sp. 
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(nr. C. immaculatus) and Forcipomyia (Lasiohelea) sp. The method could be easily 
adapted for species that have a preference for biting other areas of the body. Five 
minute samples were found to be adequate to provide an indication of the numbers 
biting that correlated with subjective estimates of the biting intensity. Five minute 
samples of up to 191 C. ornatus and 296 C. flumineus were recorded with this method. 

Sampling along the transect between the emergence site on Creek B and the hinterland 
in early October 1995 indicated that significant levels of biting by female C. ornatus only 
occurred in the hinterland margin zone at the landward edge of the mangroves (figure 
5.7). There was little biting recorded from either the creekbank emergence site or on the 
tidal flat. During seven additional emergence cycles the biting rate in the hinterland 
margin zone was recorded. Peak biting always occurred on either the day of the full or 
new moon or the previous day, which was usually 1 or 2 days before the spring tide and 
3 or 4 days after peak female emergence. In late March 1996 the biting rate was 
determined during the emergence cycle described in section 5.6 in which a large 
number of parous females were collected in the emergence traps. The increase in biting 
activity after this emergence cycle coincided with the decrease in the numbers of parous 
females taken in the emergence traps (figure 5.8). 

Discussion 

Previous studies indicated that C. ornatus females moved out of the mangroves and into 
the hinterland after maturing and laying their first batch of eggs autogenously 
(section 5.4). These females were presumably moving into the hinterland in search of a 
blood meal prior to their next ovarian cycle. In the current study, the only significant 
levels of biting were recorded in the hinterland margin zone (figure 5.7), with peak biting 
occurring 3 or 4 days after peak emergence in most of the emergence cycles examined. 
These peaks in biting activity are almost certainly an indication of the landward 
movement of the parous host seeking females after their autogenous ovarian cycle 
within the mangroves. The rapid decrease in numbers biting on the days following peak 
biting activity in the hinterland margin zone suggests that this part of the mangroves was 
just a temporary resting place for females prior to their dispersing into the hinterland. 
Aside from the single peak of biting activity in the hinterland margin zone a few days 
after female emergence, very little C. ornatus biting was recorded within the mangroves, 
indicating that most of the female population had probably moved into the hinterland and 
that this activity is most likely obligatory for females of this species. It has been 
suggested by Whelan ef al. (1997) that the dispersal of C. ornatus females landward 

148 



50  1 50 

40 

CD 

30 

 
CD 

w 
uJ 
Of 
uJ  20 

z 
lI! 

0 

-s-  Emergence - creekbank 
----a-- Biting - creekbank 

Biting - tidal flat 
--0-- Biting - hinterland margin zone 

N-i N N+i N+2 N+3 N+4 N+5 N+6 N+7(S) N+8 
DAY (N = NEAP; S = SPRING) 

40 
a-
E 

30 • 

E 
LC) 

w 
H 20 < 

CD z 
10 

Ulm 

Figure 5.7 - Emergence of female C. ornatus in Creek B and the biting rate at three 
sites between the creekbank and the hinterland in early October 1995. 

100 

100 

(I-) 
H 

0 

w 
M 50 

 

1111111111110 

-s-  Nulliparous - creekbank 
Parous - creekbank 

---0-- Biting - hinterland margin zone 

---0 0---------- - .  
- - - 

0 
-- -. 

N N+1 N+2 N+3 N+4 N+5 N+6 N+7 N+8 
DAY (N=NEAP) 

75 CL 
 

U) 

E 
50 - 

w 
I- 

CD 
25 

I- 

0 

Figure 5.8 - Emergence trap catches of nulliparous and parous C. ornatus in 
Creek B and the biting rate in the hinterland margin zone in late March 1996. 

149 



from mangroves involves a positive orientation to higher landforms and possibly a 
negative orientation to flat or low areas such as the open sea, and that this is an 
adaptive mechanism to avoid biological wastage. This is supported by the observation 
of higher trap catches at the top of escarpments, and suggests that the dispersal flight 
must occur above canopy height (ibid.). 

It was suggested in section 5.6 that the parous females that were collected in 
emergence traps had probably recently oviposited. As such, their presence in traps was 
an indication of the time in the tide cycle at which oviposition was occurring. In the late 
March 1996 emergence cycle, large numbers of parous females were collected in 
emergence traps and consequently a clear indication was gained of the probable time 
that oviposition occurred in the cycle. It was also found that as the number of parous 
females in emergence traps (and hence oviposition) decreased, the biting rate in the 
hinterland margin zone increased (figure 5.8). This is further evidence that after 
emergence, females autogenously mature and lay a batch of eggs and then move 
)andward en masse about three days after emergence. The monitoring of diurnal biting 
activity in the hinterland margin zone is a simple and useful technique for identifying the 
time and possibly the magnitude of the fortnightly migration of host seeking C. ornatus 
females into the hinterland after emergence. 

150 



CHAPTER 6— OTHER CULICOIDES SPECIES 

6.1 - Introduction 

During the course of this project a number of Culicoides species was collected in 
addition to C. omatus. Although the light trap, emergence trap, and biting rate studies 
undertaken were designed around the distribution and biology of C. ornatus, much 
incidental information was gathered about the biology of these other Culicoides species 
and this is outlined below. Based on these results, some aspects of the partitioning of 
resources within the Culicoides community of mangroves are discussed. Voucher 
specimens of each species were either sent to A.L. Dyce for identification, or identified 
by B. Montgomery (Medical Entomology Branch, Territory Health Services) using a 
reference collection of specimens previously identified by Dyce. 

6.2 - C. cordiger Macfie 

Results 

Low numbers of C. cordiger were collected in emergence traps in the Sonneratia zone 
of a foreshore site at the mouth of Sadgroves Creek in September 1997. Most 
emergence was recorded at 4.5 m ACD (midway between Mean Sea Level and Mean 
High Water Neap) at the landward edge of the Sonneratia zone where it started to 
merge with the band of Rhizophora adjacent to it. Low numbers were caught throughout 
the fortnightly tidal cycle, although there was a slight increase in catch around the time of 
the neap tides. This species was not taken biting. 

Discussion 

The larval habitat of C. cordiger has not been previously described and appears to be 
within the Sonneratia zone and the ecotone at the Iandward edge of the Sonneratia 
where it merges with the Rhizophora zone. As C. cordiger was only collected in a few of 
the emergence traps in the Sonneratia zone, its distribution in this area appears to be 
patchy and further study is required to clearly describe the specific larval microhabitat. 
According to Reye (1992) C. cordiger primarily feeds on birds although it has been taken 
feeding on humans. As it was not taken biting in the current study this species appears 
to have no pest significance. 
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6.3 - C. flumineus Macfie 

Results 

This species was regularly taken in low numbers in emergence traps on the creekbank 
of the upper reaches of Creek B (figure 6.1). Highest numbers were recorded from traps 
on the lower part of the creekbank, immediately below the elevation at which C. ornatus 
occurred in this area. On two occasions C. flumineus larvae were collected and reared 
from crab burrows in and near the invert of the creek, but not from surface mud in the 
same area. For example, on the 31.x.95 two 4th  instar and six 2 nd  instar C. flumineus 
larvae were collected from approximately 200 cc of crab burrow mud, while none were 
collected from a similar volume of surface mud at the same site. The steep sides of the 
creekbank close to the invert prevented this part of the creekbank from being sampled 
by emergence trap. Light trapping along the length of Creek B collected most adults 
where the creekbanks were relatively wide and open in the upper reaches of the creek. 
The invert of the creek in this area was just below Mean Low Water Neap (figure 6.2). 
The time of peak emergence could not be conclusively determined from either the 
emergence trap or light trap data. Emergence trapping across the entire fortnightly tidal 
cycle was only undertaken once in Creek B (early April 1996) and nine of the ten 
C. flumineus collected had emerged within two days of the spring tide. Similar numbers 
were also recorded emerging around the time of the neap tide on other occasions when 
the spring tide was not sampled. 

Light trapping across an entire fortnightly tidal cycle recorded peaks of adult activity at 
the time of both the spring and neap tides, with the greatest male catch occurring near 
the spring tide (figure 6.3). Large numbers of C. flumineus were taken biting human-bait 
on the open creekbanks of the upper reaches of Creeks A and B, and in the Sonneratia 
zone of a foreshore site near the mouth of Sadgroves Creek. For example on the 6.ix.95 
296 females were taken in a ten-minute sample on the creekbank of Creek B, using the 
landing rate method described in section 5.7. For comparison, the maximum number of 
C. ornatus caught using this method was 193 in a five-minute sample on the 23.x.95 in 
the hinterland margin zone. Few to none C. flumineus were taken biting within the 
mangrove forest and none in the hinterland. Only a couple of adults were collected in 
emergence traps in the Sonneratia zone, although no sampling was undertaken close to 
the invert of any of the small creeks that crossed this area. 
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Discussion 

Reye (1992) described the C. flumineus larval habitat as "similar to that of C. ornafus but 
at a lower level which seems to confine it to the banks of small creeks". Reye's 
description matches that of the emergence site of the few C. flumineus collected in the 
current study and it can now be added to Reye's description that the larvae appear to be 
obligatory inhabitants of crab burrows in and near the invert of the upper reaches of 
small tidal creeks. The creekbank near the invert is usually steep sided in this part of the 
creekline, suggesting that the habitat is subjected to relatively fast water movements. 
The occurrence of C. flumineus larvae in crab burrows is possibly an adaptation that 
allows the larvae to avoid these strong water flows. 

Reye (1992) described C. flumineus as having neap tide emergence. The low numbers 
of adults caught in emergence traps in the current study were probably due to the traps 
being at the edge of the larval habitat and the numbers caught were too low to give a 
clear indication of the time of emergence. The time of emergence is also difficult to 
interpret from the light trap results, as peaks in adult activity occurred near both the neap 
and spring tides (figure 6.3). The spring tide increase in the light trap catch was possibly 
unrelated to emergence, as a new moon occurred around this time, which would have 
in creased the sampling efficiency of the light traps due to the nights being darker. This is 
supported by the fact that the light trap catch of C. (Ornatus group) undescribed sp. 
No. 6, a neap tide emerging species, also showed a peak around the time of the new 
moon spring tide. Emergence trapping needs to be undertaken over the main larval 
habitat to accurately determine the time of emergence of C. flumineus. 

Light trapping indicated that C. flumineus females occurred in greatest numbers on the 
open creekbanks just downstream of where the vegetation line on each creekbank 
started to close in. As few C. flumineus were taken biting or in light traps in the 
mangrove forest, even close to their emergence sites, it appears that the females have 
a strong preference for open spaces, such as the creekbanks, presumably for host-
seeking. Adult numbers rapidly decreased in the more upstream reaches of the creek, 
especially where the invert of creek was above Mean High Water Neap (MHWN). This 
decrease in numbers was possibly related to there being no steep sides to the 
creekbank close to the invert and consequently no larval habitat in this part of the creek, 
or could have been due to differences in crab density between the two areas. The 
distribution of adults along the creekline suggests that the larval habitat is possibly 
limited to where the invert is between MHWN and Mean Low Water Neap (MLWN). 
Where the invert is below MLWN, neap tide emergence would be more problematic 
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than where the invert is above MLWN, as the invert would remain submerged for 
extended periods around the time of the neap tides. 

Large numbers of C. flumineus females were also taken biting in the Sonneratia zone, 
another fairly open habitat. Although little emergence was recorded in the Sonneratia 
zone, there were many small creeklines in the area which were not sampled and which 
were potential C. flumineus larval habitats. Although C. flumineus females showed little 
propensity to move out of the mangroves and into the hinterland, they were taken biting 
in artificially created open areas within the mangroves such as Dinah Beach boat ramp 
car park which is built on reclaimed land and is adjacent to an area of Sonneratia. Reye 
(1992) describes this species as a severe but localised pest, and the large numbers 
taken biting in the current study indicate that C. flumineus could be a potentially serious 
pest in developments built into mangroves. 

6.4 - C. papuensis Tokunaga 

Results 

C. papuensis was collected emerging in low numbers in both the Sonneratia zone at a 
foreshore site near the mouth of Sadgroves Creek, and at the edge of the vegetation line 
on the creekbank of the upper reaches of Creek B. In the Sonneratia zone most 
emergence was recorded between 3.4 m ACD and 4.5 m ACD, with the most successful 
trap being at 3.7 m ACD (figure 6.4). The greatest number of adults were caught in the 
only emergence trap that was situated in a relatively sheltered site in the Sonneratia 
zone, being shaded by a Sonneratia tree and surrounded by Aegiceras saplings. In the 
Sonneratia zone, males emerged in a broad peak from the time of the spring tide until 
just before the neap tide, while females emerged from midway between the spring and 
neap tides until around the time of the neap tide (figure 6.5). At the creekbank site most 
emergence was recorded just above Mean High Water Neap in traps at 5.2 m ACD and 
5.3 m ACD. No clear pattern of emergence over time was discernible at this site 
although slight increases in catch occurred just after both the neap and spring tides. 
Light trapping across an entire fortnightly tide cycle at a creekbank site in Creek A in 
early February 1995 indicated that emergence was probably limited to the time of the 
neap tides, although no males and few females were caught. Although the creekbank 
emergence site in Creek B was sampled throughout the year, emergence was only 
recorded in the late wet between early February and late April 1996. The Sonneratia 
zone site was only sampled in the late dry season. 
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Figure 6.4 - Emergence of C. papuensis relative to tidal elevation in the 
Sonneratia zone in September/October 1997. 
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Figure 6.5 - Timing of emergence of C. papuensis relative to the tidal cycle in the 
Sonneratia zone in September/October 1997. 
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Discussion 

No details of the biology of C. papuensis have been previously reported other than the 
mention of two records of it being collected biting in Brunei, in Wirth and Hubert's (1989) 
review of southeast Asian Culicoides. Reye (1992) mentions that C. papuensis is known 
from Darwin in his review of the Australian pest species but no details of its pest status 
in Australia are given. As this species was not taken biting during the current study and 
there appear to be no published records of it having been taken biting in Australia, it is 
questionable whether C. papuensis is of any pest significance in Australia. The 
distribution of emergence sites of C. papuensis within mangroves was similar to that of 
C. ornatus, with both species being found in the Sonneratia zone and the edge of the 
vegetation line of the upper reaches of a small tidal creek. Within the Sonneratia zone 
the distribution of C. papuensis was variable and further study is needed to clearly 
identify its preferred larval microhabitat within this zone. 

6.5 - C. undescribed sp. (Ornatus group) No. 6 

Results 

This species was collected in moderate numbers in emergence traps situated on the 
tidal flat (Ceriops zone) in the wet season of 1995/96. Emergence was recorded from 
the start of sampling in mid-November 1995 until April 1996 after which no emergence 
was recorded until the finish of sampling in late June 1996 (figure 6.6). The finish of 
emergence closely matched the finish of the wet season. There was a trend of 
decreasing emergence through the wet season which appeared to be independent of 
rainfall. After allowing for the seasonal trend, emergence prior to full moons was always 
greater than emergence prior to new moons. 

Emergence occurred every fortnight around the time of the neap tide, with males 
emerging one or two days prior to females. Although the main emergence habitat was 
the landward part of the tidal flat adjacent to the hinterland margin (CeriopslLumnitzera), 
low levels of emergence were recorded in the remainder of the tidal flat, the hinterland 
margin and the transitional zone (BruguieralCeriops). The greatest levels of emergence 
were recorded just below Mean High Water Spring at 6.7 m ACD and 6.8 m ACD (figure 
6.7), although on one occasion a relatively high level of emergence (45 adults in one 
trap) was recorded at 6.1 m ACD in the transitional zone (early November 1995). This 
species was not taken biting or landing on human bait, at or near the emergence site. 
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Figure 6.6 - Rainfall and emergence of C. (Ornatus group) undescribed sp. No. 6 
on the tidal flat of Creek B between November 1995 and June 1996. Columns are 
the total numbers of adults emerging over the entire fortnightly emergence cycle for four 
traps. Rainfall totals are for the half month prior to the emergence period. Two 
emergence cycles in December 1995 and January 1996 were not sampled (N/S). 
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tidal elevation in the transitional zone and tidal flat of Creek B, during the 1995/96 
wet season. The total number emerging in four emergence traps between December 
1995 and April 1996. 
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Discussion 

This species was previously referred to as C. hewitti by Liehne (1985) and Whelan and 

Hayes (1993), and has now been recognised as an undescribed Ornatus group species 

by Dyce (pers. comm.). In this report it will be referred to as C. (Ornatus group) 

undescribed sp. No. 6, a name provided by Dyce. 

The seasonal emergence pattern recorded in this study indicates that emergence was 

probably restricted to the wet season, with greatest numbers occurring in the early wet. 

A similar pattern of abundance was found by Liehne (1985) and Whelan et al. (1996) 

based on adult sampling in hinterland areas near mangroves. In the current study no 

emergence was recorded during five consecutive fortnightly tidal cycles at the start of 

the 1996 dry season after which sampling was terminated. The complete lack of 

emergence in the dry season suggests that the immatures of this species spend the dry 

season in diapause. As the larval habitat was well above Mean High Water Neap, 

diapause could have been induced by the drying out of the habitat that occurs around 

the time of the neap tides every fortnight in the dry season. During the wet season the 

larval habitat would stay wet due to rainfall and the higher spring tides that occur at this 

time of the year. As the gradual decrease in emergence that occurred through the wet 

season appeared to be unrelated to rainfall, it is likely that a gradually changing 

environmental factor such as a seasonal change in the tide heights might be regulating 

population numbers. A pupal diapause, possibly controlled by soil moisture was 
recorded in C. phiebotomus by Williams (1969). 

The fortnightly pattern of emergence showed a number of similarities to the pattern seen 
in C. ornatus. In both species peak emergence usually occurred on the same day of the 

tidal cycle; males emerged prior to females; and emergence was greater on pre-full 

moon tidal cycles than on pre-new moon tidal cycles (after allowing for the seasonal 

trend in numbers emerging). These similarities suggest that C. (Ornatus group) 
undescribed sp. No. 6 is probably using the same mechanism to synchronise 

emergence as does C. ornatus (see chapter 4 for further details). Liehne (1985) reported 

that small numbers of this species were occasionally taken in human-biting catches in 

his Palmerston study. As Logan et al. (1991) did not record this species biting in an area 

where large numbers are known to occur, and as none were collected biting or landing 

on human bait in the current study, it appears that C. (Ornatus group) undescribed sp. 
No. 6 has little or no importance as a pest species. 
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6.6 - C. undescribed sp. (near C. immaculatus) 

Results 

This species was recorded in large numbers in light traps in the downstream reaches of 
tidal creeks, near where the invert of the creekline was around 2 m ACD (figure 6.8). It 
readily fed on humans on open creekbanks and in the Sonneratia zone, while light 
trapping and biting studies indicated that few females moved into the mangrove forest or 
into the hinterland. Its larval habitat was not identified, as adults were never taken in 
emergence traps. Light trapping did not give a clear indication of the time of emergence, 
as peaks in adult catch were recorded around the time of both the neap and spring tides 
on different occasions (figure 6.9). 

Discussion 

In the current study this was the only species of Culicoides found in large numbers 
within the mangroves that was never taken in emergence traps. In the downstream 
reaches of tidal creeks where adults of this species were most commonly found, the only 
obvious potential habitat that was not sampled by emergence trap was the invert of the 
creekline. Considering that C. flumineus larvae were found in crab burrows in the invert 
of the creekline further upstream, C. undescribed sp. (nr. C. immaculatus) larvae might 
also have been using this microhabitat in the downstream reaches of the creek. This 
would also correlate with the distribution of adults of these two species, in both biting 
catches and light trap catches (compare figures 6.2 and 6.8). 

The time of peak emergence of C. undescribed sp. (nr. C. immaculatus) is uncertain 
from the light trap data. The spring tide peak in adult catch recorded in Creek A in early 
February 1995 (figure 6.9) could have been due to an increase in the catching efficiency 
of the light trap due to the lack of competition from moonlight, as a new moon occurred 
at this time. This is supported by the fact that the light trap catch of C. (Ornatus group) 
undescribed sp. No. 6, a neap tide emerging species, also increased around the time of 
the spring tide. The large numbers taken biting indicate that C. undescribed sp. (nr. 
C. immaculatus) is potentially of pest significance to any developments that occur within 
mangroves or on land reclaimed from mangroves. As this species does not leave its 
mangrove habitat it is not of pest significance in the hinterland near mangroves. 
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Figure 6.8 - Distribution of C. undescribed sp. (nr. C. immaculatus) in light trap 
catches along the creekline of Creek B in early April 1996. MLWN = Mean Low 
Water Neap; MHWN = Mean High Water Neap. 
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Figure 6.9 - Light trap catches of C. undescribed sp. (nr. C. immaculatus) relative 
to the tidal cycle. N = Neap tide; S = Spring tide; 1/F = trap failure. 
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6.7 - C. (Ornatus group) undescribed sp. A 

Results 

This species was found in greatest numbers around 5.3 m ACD in both the lower part of 
the creekbank forest (Rhizophora and Bruguiera) and the mixed mangrove assemblage 
(Rhizophora and Avicennia) behind the Sonneratia zone of foreshores (figure 6.10). It 
was particularly abundant where water seepage kept the mud surface in a semi-liquid 
state throughout the tidal cycle. Emergence was also recorded in the transitional zone at 
the landward edge of the creekbank forest around 6.5 m ACD. Males emerged a day or 
two after the spring tide and females emerged over the following three or four days with 
peak emergence about midway between the spring and neap tides (figure 6.11). Some 
females appeared to be autogenous. This species was not taken biting human bait. 

Discussion 

As emergence trapping was rarely undertaken just after the spring tide, when 
C. undescribed sp. A was emerging, the full extent of the distribution of this species is 
uncertain. Although emergence seemed to be concentrated just above Mean High 
Water Neap around 5.3 m ACD, high numbers were occasionally found at higher 
elevations at sites where the mud surface was kept wet by water seepage. This 
suggests that this species will occur over a greater tidal range than the data presented 
here indicate, if the microhabitat is suitable. The occurrence of emergence just after the 
spring tide possibly evolved as a mechanism to reproductively isolate C. undescribed 
sp. A from the morphologically similar species C. ornatus which occurs nearby and 
emerges around the time of the neap tide. As C. undescribed sp. A was never taken 
biting human bait it appears to have no pest potential. 

6.8 - Resource partitioning by Culicoides species within mangroves 

Within an ecosystem, species belonging to the same guild, i.e. exploiting the same class 
of environmental resource in a similar way (Root 1967), usually minimise interspecific 
competition for resources by occupying different niches (Begon, Harper and Townsend 
1990). In this way the environmental resources utilised by the members of the guild 
become partitioned between the species (Schoener 1974). The larval habitats of the 
Culicoides species found in the current study were clearly partitioned between species, 
indicating that the larvae probably belong to the same guild and occupy different habitats 
to minimise interspecific competition. Resource partitioning was also observed in the 
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timing of emergence in two morphologically similar species whose emergence habitats 
were in close proximity to each other and in the areas used for host seeking by the 
females of the three human feeding species. 

6.8.1 - Distribution patterns 

The emergence habitats of six species of Culicoides were identified in mangroves near 
Darwin. For three of these species (C. flumineus, C. ornatus and C. undescribed sp. A) 
the emergence habitat was verified as being the larval habitat, while larval extraction 
and rearing was not attempted for the remaining three species (C. cordiger, 
C. papuensis and C. (Ornatus group) undescribed sp. No. 6). The larval habitat of a 
seventh species, C. undescribed sp. (nr. C. immaculatus), also appears to occur within 
mangroves although its emergence habitat was not found. The emergence sites of these 
species are summarised in table 6.1. 

The emergence sites of each of the above species were limited to fairly specific zones 
and microhabitats within the mangroves, with little overlap in habitat preferences 
between the species. The only two species whose emergence sites were not clearly 
distinguished were C. ornatus and C. papuensis, both of which occurred along the edge 
of the vegetation line of the upper reaches of Creek B and in the Sonneratia zone of a 
foreshore site. Within both these habitats there appeared to be differences in the 
distribution of the two species, but the numbers of C. papuensis collected were too few 
to clearly identify its microhabitat preferences. The remaining species showed little 
overlap in their distributions, often occupying adjacent but non-overlapping areas of the 
mangroves. For example, in the wet season C. (Ornatus group) undescribed sp. No. 6 
were found emerging in the landward half of the tidal flat, while C. ornatus emerged in 
the adjacent and more seaward part of this area. 

The distribution of most of the species appeared to occur in bands parallel to the 
shoreline or creekline. Zonation of this kind is one of the most characteristic features of 
the distribution of mangrove flora and fauna (Hutchings and Saenger 1987) and 
generally allows the distribution of a species to be characterised by the tidal elevation 
range in which it occurs. Although tidal elevation range has often been used to help 
define the habitat preferences of Cu!icoides species (e.g. Reye 1992), it is apparent 
from the distributions of some of the species found in this study that the larval sites of a 
species can occur in a variety of distinctly different habitats within the mangroves, each 
with its own and differing tidal elevation range. For example, C. ornatus was found in 
three habitats, each with differing and non-overlapping tidal elevation ranges. 
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Table 6.1 - Emergence sites of the main Culicoides species collected biting or in 
emergence traps in mangroves near Darwin during the current study. 

Species Emergence habitat 

C. cordiger Ecotone between the Sonnerafia and Rhizophora zones of 
foreshores. 

C. flumineus Crab burrows in and near the invert of the creekline in the 
upper reaches of small tidal creeks. 

C. ornafus 1) The edge of the vegetation line in upper reaches of small 
tidal creeks (dry season); 

the transitional zone (Bruguiera and Ceriops) adjacent to 
the landward edge of the creekbank forest (wet season 
only); 

the Sonnerafia zone of foreshores. 

C. papuensis 1) The edge of the vegetation line in upper reaches of small 
tidal creeks (late wet season only); 

2) the Sonneratia zone of foreshores. 

C. (Ornatus group) Landward half of tidal flat (Ceriops zone) (early wet 
undescribed sp. No. 6 season). 

C. undescribed sp. Unknown. 
(nr. C. immaculatus) 

C. undescribed sp. A Areas of water seepage - 

in the creekbank forest and adjacent transitional zone in 
the upper reaches of small tidal creeks; 

in the mixed mangrove assemblage landward of the 
Rhizophora zone of foreshores. 
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Where different species occurred in close proximity to each other, their microhabitat 

preferences were usually quite distinct. For example, in the upper reaches of tidal 

creeks C. ornatus occurred in the surface mud of the upper part of the creekbank, 

C. undescribed sp. A was found in the semi-liquid mud in areas of water seepage, and 

C. flumineus was an obligatory inhabitant of crab burrows on the lower part of the 

creekbank near the invert of the creekllne. Larval habitats and emergence sites are a 

resource that is clearly partitioned between Culicoides species within 

mangroves.Species generally either occupy adjacent areas of the mangroves or have 

different microhabitats within the same area. 

Although the distribution of intertidal Culicoides immatures has been related to single 

factors such as soil type (Bidlingmayer 1957) and vegetation zones (Kline and Axtell 

1977), Hagan and Kettle (1990) found that no single factor could account for the 

distribution of immature Culicoides species in their study of a mangrove habitat in 

southeast Queensland. They found that the distribution of immatures did not correspond 

with mangrove vegetation zones, but was related to the presence or absence of 

intertidal vegetation. Hagan and Kettle's results were similar to those of the current study 

in that the physical structure of the vegetation was found to be more important to 

species distribution than the mangrove species present. For example, in the current 

study three species occurred in ecotones where there was a change in forest structure - 
C. cordiger (between the Sonneratia and Rhizophora zones); C. ornatus (between the 

creekbank and the creekbank forest, and between the creekbank forest and the 

transitional zone); and C. papuensis (between the creekbank and the creekbank forest). 

Microhabitat was the other important factor related to the distribution of some of the 

species found in the current study, e.g. C. flumineus in crab burrows and C. undescribed 
sp. A in areas of water seepage. Some species (e.g. C. ornatus and C. papuensis) were 

not limited to a particular type of microhabitat, as they were found in habitats with widely 

differing substrate types. 

6.8.2 - Emergence patterns 

The emergence habitats of C. ornatus and C. undescribed sp. A were in close proximity 

to each other, being on the edge of the creekbank forest and in areas of water seepage 

just into the creekbank forest respectively. Emergence in these two species occurred 

around the time of the neap tides and spring tides respectively. The temporal separation 

of emergence in these two species may act as a mechanism of reproductive isolation 

between what are two morphologically similar taxa whose emergence habitats are in 
close proximity. 
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6.8.3— Biting patterns 

Three of the Cullcoides species collected within the mangroves readily fed on humans 
(table 6.2). C. flumineus and C. undescribed sp. (nr. C. immaculatus) did not appear to 
leave the mangroves, while most host-seeking C. omatus females migrated into the 
hinterland within days of emergence. Most C. flumineus were collected on the open 
creekbanks of the upper reaches of the creeks, while most C. undescribed sp. (nr. 
C. immaculatus) were taken on the open creekbanks of the more downstream reaches 
of the creeks. Female C. ornatus were only taken biting in low numbers within the 
mangroves, presumably due to most of the female population having moved landward 
in search of a blood meal. 

Table 6.2 - Pest status of the main Cullcoides species collected biting or in 
emergence traps in mangroves near Darwin during the current study. 

Species Pest status 

C. cordiger None. 

C. flumineus Vicious bite and large numbers on open creekbanks of the 
upper reaches of tidal creeks and in the Sonneratia zone 
of foreshores. Does not move out of mangroves. 

C. orn atus Vicious bite and large numbers for up to 1.5 km into the 
hinterland behind mangroves; lower numbers up to 3.5 km 
inland. 

C. papuensis None. 

C. (Ornatus group) None. 
undescribed sp. No. 6 

C. undescribed sp. (nr. Vicious bite and large numbers on open creekbanks of the C. immaculatus) downstream reaches of tidal creeks and in the Sonneratia 
zone of foreshores. Does not move out of mangroves. 

C. undescribed sp. A None 

Host-seeking habitats are a resource that is partitioned between the three human 
feeding species, presumably to minimise competition between the species for the same 
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resource i.e. hosts. Competition with the other Culicoides species occurring within the 

mangroves would not occur due to their different host preferences. The separation of the 

host-seeking habitats was achieved by either the separation of the larval habitats (e.g. 

C. flumineus and C. undescribed sp. (nr. C. immaculatus)), or if the larval habitats of the 

two species occurred in close proximity (e.g. C. flumineus and C. ornatus), by the 

movement of one of the species away from its larval habitat to a separate host-seeking 

area. 
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CHAPTER 7— GENERAL DISCUSSION 

7.1 - Distribution, abundance and biology of C. ornatus 

7.1.1 - Larval habitats 

Reye (1992) characterised the C. ornatus larval habitat on the east coast of Queensland 
as being in the subterranean tunnel complex of a small crab, about 15 cm below the 
surface. According to Reye the habitat lies in a narrow band around Mean High Water 
Neap, occurs in areas with little water flow such as creekiets and the dead ends of 
creeks, and is associated with the River Mangrove, Aegiceras corniculatum. The current 
study found three distinct C. ornatus larval habitats within mangroves near Darwin, each 
associated with different vegetation types, substrate types, and tidal elevations (figure 
7.1). Two of the larval habitats were situated in the upper reaches of small tidal creeks. 
One was at the edge of the vegetation line at the top of the creekbanks and the other in 
the transitional zone at the Iandward edge of the creekbank forest. The third larval 
habitat occurred in the most seaward vegetation zone of mangrove-lined foreshores, i.e. 
the Sonneratia zone. 

The Queensland larval habitat described by Reye and the habitat found in the current 
study at the edge of the vegetation line in the upper reaches of creeks, appear to be 
equivalent. Culicoides ornatus has long been associated with mangroves drained by 
small tidal creeks (Reye and Lee 1961; Reye 1964) and Reye's (1992) description of the 
larval habitat of C. ornatus as being ".... around Mean High Water Neap .... in creeklets, 
dead ends of creeks or in cut off meanders" matches that of the creekbank larval 
habitats found in the current study. Near Darwin the creekbank larval habitats were also 
centred around Mean High Water Neap and were limited to the upstream reaches of the 
small tidal creeks examined. The upstream limit of the creekbank larval habitat was 
around where the invert of the creek rose above Mean High Water Neap. This was also 
the upstream limit of where open creekbanks occurred and was the most upstream part 
of the creek that contained water around the time of the neap tides each fortnight. As 
such it could be viewed as the upstream limit of the creek. 

Neither the transitional nor Sonneratia zones, nor other habitats at these tidal elevations 
have been previously reported as being C. ornatus larval habitats. The transitional zone 
larval habitat was significant as it was the primary wet season habitat in the upper 
reaches of creeks. The Sonneratia zone was distinctly different in character and location 

171 



0 0 <6 
E 
z 
0 

> 
w 
-J 
w 
-J 4  

0 
I— 

3 

2 

[1 

r1 

EEJ Major habitat 
Minor habitat 

Mean High Water Neap 

Me.....\W.. 
..............................................................  

SON NERATIA ZONE CREEKBANK TRANSITIONAL ZONE 

Figure 7.1 - The tidal elevation ranges of the three C. ornatus emergence habitats 

found within mangroves near Darwin. 

172 



within the mangroves to the other two habitats. Although emergence levels were 

generally relatively low within the Sonneratia zone, as most of Darwin Harbour is lined 

by a band of Sonneratia typically over 50 m wide, even with a low level of midge 

productivity, this previously unidentified larval habitat is likely to be making a major 

contribution to the pest problem of urban areas near mangroves. Whether emergence 

habitats equivalent to those found in the Sonneratia and transitional zones also occur on 

the east coast of Queensland warrants investigation. In particular, the Avicennia 

dominated foreshores that replace Sonneratia foreshores south of about Port Douglas 

(MacNae 1966) are potentially productive larval habitats. 

7.1.2 - Seasonal changes in abundance 

Seasonal data on C. ornatus population numbers are available from two previous 

studies, both undertaken in the Darwin area (Liehne 1985; Whelan etal. 1996). Both 

studies used CO2-baited light traps to monitor adult female numbers in hinterland areas 

adjacent to mangroves. In both studies peak numbers were recorded in the late dry 

season (August/September) and lowest numbers in the late wet season 

(January/February), similar to the seasonal pattern of emergence seen in the current 

study. 

The results of the current study indicate that female abundance in the hinterland is 

determined by emergence levels within the mangroves and that emergence levels are 

not determined by rainfall. The gradual seasonal change in emergence levels suggests 

the influence of a gradually changing seasonal factor such as tide heights, as was first 

suggested by Whelan etal. (1996). Further work in this area would be useful, as the 

identification of the natural controls to midge numbers might indicate how population 

numbers could be artificially manipulated. Reye has suggested that changes in 

microhabitat salinity brought about by mechanisms such as evaporation (Reye 1973), 

flooding (Reye 1990a) or rainfall (Reye, pers. comm.) might influence larval numbers. In 

the current study heavy rains at the start of the wet season were observed to erode the 

soft surface mud from creekbanks (i.e. larval habitat), suggesting that erosion, rather 

than changes in microhabitat salinity associated with rainfall or flooding, might account 

for the decreases in midge numbers recorded at these times. It consequently appears 

that heavy rainfall might be a secondary control on larval numbers at creekbank sites at 

the start of the wet season. 
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7.1.3— Autogeny and the landward migration of females 

Field data indicated that C. ornatus females were autogenous, i.e. the first ovarian cycle 
was completed without the need for a blood meal, using nutrient reserves carried over 
from the larval stage. After the first autogenous oviposition, host seeking females moved 
landward en masse, giving rise to a peak of biting activity in the hinterland about three or 
four days after emergence. The possibility that the time taken for the autogenous 
maturation of eggs and subsequent oviposition could account for the delay between 
emergence within the mangroves and biting in the hinterland was first suggested by 
Linley (1976) in relation to C. furens and subsequently by Liehne (1985) for C. ornatus. 
Both autogeny and the landward movement of host seeking females appeared to be 
obligatory for most of the female C. ornatus population near Darwin. Fortnightly 
emergence from the two main dry season emergence habitats, i.e. creekbanks in the 
upper reaches of tidal creeks and the Sonneratia zone, appeared to produce two 
fortnightly peaks in biting activity in the hinterland about four days apart. The presence 
and relative size of these peaks in the hinterland should provide a good indication of the 
relative importance of the two main emergence habitats as sources of host seeking 
females to an area of hinterland. In the Darwin South hinterland in the dry season, the 
greatest numbers of host seeking females were recorded by Whelan and Hayes (1993) 
around the time of the spring tides rather than near the neap tides, indicating that the 
majority of females were emerging from tidal creeks rather than from foreshore sites. 

7.2 - Taxonomic status of C. ornatus populations 

It has been suggested that as C. ornatus immatures occur in three different habitats 
within mangroves near Darwin, there is the possibility that the populations belong to 
different but closely related species (Reye, pers. comm.). The occurrence of an intertidal 
midge species in a range of different habitats is not unusual. For example, C. furens 
larvae have been recorded from mangrove covered mud, unshaded intertidal mud, 
saltmarshes and even occasionally from freshwater habitats (Linley 1976). In the current 
study C. papuensis was found in two distinctly different habitats within the mangroves - 
the Sonneratia zone and on creekbanks in the upper reaches of creeks. As no 
morphological differences were noted between the adult C. ornatus populations 
examined in the current study, they have been regarded as belonging to one species. 
The genitalia of males collected from each of the three emergence habitats were 
examined in particular detail, due to their usefulness in separating closely related 
species, and no differences were observed. 
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7.3 - Comparative biology of C. ornatus in Queensland and the Northern Territory 

The current study indicated that C. ornatus larvae can occupy a variety of habitats within 
mangroves. As the east coast of Queensland differs markedly from that of northern 
Australia in terms of climate, mangrove habitat types, and tidal regimes, it is likely that 

C. ornatus larval habitats will differ to some extent between the two areas. Some 
characteristics of the larval habitat of C. ornatus from the east coast of Australia are 
discussed below, in light of the findings of the current project. 

7.3.1 - Crab burrows 

The larvae of a variety of Cu/lao/des species are known to inhabit crab burrows (Linley 
1976). Reye (1992) describes the known larval habitat of C. ornatus in Queensland as in 
the subterranean tunnel complex of a small crab about 15 cm below the surface. In the 
current study the extraction of larvae from mud samples was only undertaken at 
emergence sites on the creekbanks of the upper reaches of creeks. Larvae were only 
recovered from surface mud samples and were not found in crab burrows. In the 
Sonneratia zone, emergence was usually association with the presence of a 
characteristic network of interconnecting crab burrow entrance chambers. These 
entrance chambers are possibly best regarded as extensions of the surface mud rather 
than true burrows, and appeared to provide a harbourage for many small Diptera. 
Whether C. ornatus larvae occurred in the surface mud of the entrance chambers or 
burrows was not determined. 

An intriguing find was the capture of large numbers of parous females, that appeared to 
have recently oviposited, in emergence traps that were poorly sealed to the mud 
surface. These females were either entering the traps, ovipositing and then being 
captured, or had oviposited and then entered the traps looking for a harbourage. If the 
former hypothesis is true then there is possibly an association between oviposition and 
animal burrows, as the gaps around the edges of the emergence traps where the 
midges would have entered were similar in appearance to burrow entrances. Linley 
etal. (1970b) reported similar findings for C. furens, although no suggestion was made 
as to the reason for this behaviour. Both oviposition behaviour and the possible 
occurrence of larvae within animal burrows warrants further investigation. 
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7.3.2 - Mangrove species 

According to Marks and Reye (1982) and Reye (1992), there is a possibility of an 
essential association between C. ornatus larval habitats and the presence of 
Aegiceras cornicu/atum (the River Mangrove). Reye (pers. comm.) has suggested that 
this association might be due to C. ornatus larvae inhabiting the burrows of a species of 
crab which feeds on Aegiceras leaves. In the current study no association was observed 
between emergence sites and the presence of Aegiceras. In the study area Aegiceras 
occurred in low numbers scattered throughout creekbank forests, the Sonneratia zone 
and the transitional zone. Most emergence was recorded at sites with no Aegiceras. 

Intertidal Culicoides species have often been associated with vegetation types (e.g. 
Davies 1967; Kline and Axtell 1977; Magnon etal. 1990). In the current study three 
mangrove species were found to have associations (both positive and negative) with 
C. ornatus emergence sites, namely Sonneratia a/ba (the Mangrove Apple), Avicennia 
marina (the Grey Mangrove) and Camptostemon schultz/i (the Kapok Mangrove). The 
distribution of Sonneratia at foreshore sites coincided with the distribution of emergence 
sites, possibly due to the openness of the vegetation and the characteristic substrate 
type found in association with Sonneratia. In the upper reaches of creeks the presence 
of Avicennia pneumatophores on creekbanks was highly correlated with the level of 
emergence, although the association did not occur in other areas, e.g. within the 
creekbank forest, presumably because of other factors such as the density of the 
vegetation. The presence of Camptostemon along the edge of the vegetation line of tidal 
creeks was negatively correlated with the presence of emergence sites. This may be 
due to the Camptostemon excluding Avicennia trees and saplings from near to the 
creekbanks, so that Avicennia pneumatophores did not occur on the creekbanks. 

7.3.3 - Water flow 

Reye (1992) describes the C. ornatus larval habitat as occurring ".... where there is no 
strong wave or current action on the surface.' In the current study the creekbanks at 
emergence sites in the upper reaches of tidal creeks were usually relatively steep with a 
slope around 1:8, which would mean that tidal inundation over the mud surface would be 
relatively slow. In the Sonneratia and transitional zones the mud surface was relatively 
flat with slopes around 1:50 and 1:140 respectively, indicating that tidal inundation in 
these larval habitats would be relatively fast. In the Sonneratia zone the association 
between emergence and the entrance chambers to large crab burrows, indicates that 
larvae might have been inhabiting the mud surface lining the entrance chambers and as 
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such, would have been protected from the fast tidal flows that would occur in this 
relatively flat habitat. In the transitional zone, tidal flow at the mud surface would have 
been limited to some extent by the presence of Bruguiera trees with their buttress roots 
and pneumatophores. Although these results suggest that the rate of tidal flow at the 
mud surface might be a deterrent to the presence of C. ornatus larvae, the fast tidal 
flows of relatively flat areas can probably be avoided by larvae inhabiting sheltered 
microhabitats. 

7.4 - Significance of results for other Culicoides species 

Some of the information gained relating to the biology of C. ornatus within the 
mangroves is of relevance to other intertidal Culicoides species. Two areas in particular 
have potential applicability to other intertidal midge species, namely the mechanism 
underlying the timing of the fortnightly emergence cycles, and the role of oviposition site 
selection in the determination of the location of larval sites. 

7.4.1 - The timing of emergence cycles 

The mechanism underlying the fortnightly synchronisation of emergence in intertidal 
Culicoides species has never been explained. Kay (1973) found that the time of peak 
emergence shifted seasonally relative to the tidal cycle in C. marmoratus, and suggested 
that this shift was related to changes in the duration of the ovarian cycle in winter and 
summer conditions. On the basis of larval population numbers Edwards (1989) 
suggested that the fortnightly timing of emergence in C. subimmaculatus was possibly 
synchronised around the time of ecdysis from the 3rd to 4th instar. Edwards suggestion 
fits well with the model proposed in the current study for the synchronisation of 
emergence in C. ornatus. 

Data collected in the current study indicates that in C. ornatus, the larval population is 
first synchronised in early 4th instars by moonlight and again in mature 4th instars by a 
tidal cue. Emergence follows about three days after pupation. The tidal cue for pupation 
appears to coincide with exposure by an ebb tide close to the midpoint of the night. By 
varying the time in the 24 hr cycle that the tidal cue is perceived, the mechanism 
described above for C. ornatus could account for synchronised emergence at any time 
in the fortnightly tidal cycle and so could be used by midge species that emerge at times 
different to that of C. ornatus. The model proposed for C. ornatus is similar to that 
proposed by Neumann (1987) for the synchronisation of emergence in the intertidal non-
biting midge Clunio. 
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7.4.2 - Oviposition site selection 

Using emergence traps, Davies (1966) determined the distribution of two Culicoides 
species in mangrove forests in Jamaica, and found that each species was associated 
with a particular vegetation zone, i.e. C. furens with white or black mangroves and 
C. barbosai with red mangroves. For C. barbosai, Davies came to the conclusion that 
the ovipositing female was the main selecting agent for the location of the larval 
habitats, and that habitat preference was based on the density of the vegetation. 

In the current study, the emergence of C. ornatus in the upper reaches of tidal creeks 
was found to be related to the structure of the mangrove vegetation, with emergence 
limited to the seaward and landward edges of the creekbank forest, i.e. the creekbanks 
and the transitional zone. As both larvae and gravid females were collected at 
emergence sites, it is likely that the emergence sites were also oviposition sites. If this is 
true then the occurrence of emergence at both edges of the creekbank forest is probably 
due to the gravid females choosing the edges of the creekbank forest as oviposition 
sites. Both edges of the creekbank forest were similar in that they were marked by a 
distinct change in the density of the vegetation, a feature that gravid females would 
presumably be capable of sensing. 

The third larval habitat found within mangroves was the Sonneratia zone of foreshores. 
The Sonneratia zone is an unusual mangrove habitat in that it consists predominantly of 
well-spaced mature trees with little understorey. A common feature of all three 
C. ornatus larval habitats was an openness to the vegetation structure. It appears that in 
C. ornatus, one of the main determinants of the location of larval habitats is oviposition 
site selection based on the vegetation structure. As the distribution of the larval habitats 
of intertidal Culicoides species have been linked to vegetation type or structure in a 
number of studies (Kline and Axtell 1977; Magnon etal. 1990; Hagan and Kettle 1990) it 
appears likely that oviposition site selection based on vegetation structure might be a 
widely used mechanism for determining the location of larval sites, as suggested for 
C. barbosai by Davies (1966) and for C. ornatus in this study. 
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7.5 - Relevance for pest management issues 

7.5.1 - Prediction 

The ability to accurately predict the location of potential larval habitats in an area of 

mangroves would be a useful tool for estimating the potential C. ornatus pest levels in 

adjoining hinterland areas and for designing monitoring systems and control strategies. 

As the three known C. ornatus larval habitats found in mangroves near Darwin are best 

defined in terms of the vegetation structure and zonation with which they are associated, 

the location of potential larval sites is best achieved by identifying the location of the 

corresponding mangrove habitats. As the specific larval habitats in mangroves near 

Darwin were unknown prior to the current study, previous studies have had to consider 

the entire upper neap tide zone as a potential larval habitat (e.g. Liehne 1985; Whelan 

and Hayes 1993). It is now apparent that in most parts of the mangroves, the upper 

neap tide zone is not a C. ornatus larval habitat, and that larval habitats do occur at other 

tidal elevations. The identification of the mangrove habitats that are associated with 

larval habitats can be readily achieved from aerial photography. A more precise 

indication of the limits of the habitats can be gained by visual inspection on the ground 

within the mangrove forest, and verification of emergence can be achieved by trapping if 

necessary. 

The three main mangrove habitats associated with larval habitats could be readily 

identified in colour aerial photographs. The downstream limit of the larval habitat on the 

creekbanks of the upper reaches of tidal creeks coincided with where the canopy of the 

creek was almost closing over the creek, which was just visible in the 1:8,500 aerial 

photographs (plate 7.1a). The upstream limit of the main emergence area on 

creekbanks occurred where there was a marked decrease in the size of the creekbank 

forest and this was visible in the aerial photographs due to the change in size of the 

canopies of individual trees at this point along the creek. There was also a loss of 
Avicennia from near the creekline in this area. Avicennia trees are visible as large pale 

green patches in plate 7.1a. The location of the transitional zone larval habitat could be 

assumed to be at the back edge of the creekbank forest in the vicinity of the creekbank 

habitat. The third larval habitat, the Sonneratia zone, was easily identified in aerial 

photographs due to its location along mangrove-lined foreshores and in the lowermost 

reaches of tidal creeks (plate 7.1b). 
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Plate 7.1a -Aerial photograph of Creek B with the upstream and downstream 
limits of the main C. ornatus larval habitat marked. 
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Plate 7.1 b - Aerial photograph of the Sonneratia zone between Sadgroves Creek 
and Reichardt Creek. 
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In the hinterland of the Darwin South area, Whelan and Hayes (1993) recorded 

extremely high C. ornatus levels using CO2-baited light traps. The probable reasons for 
the high numbers of midges are apparent from an examination of an aerial photograph 
of the area (plate 1.2). An unusual feature of the coastline is the presence of the large 
sand island between Sadgroves Creek and Reichardt Creek. This island has a long 
Sonneratia-lined foreshore facing Darwin Harbour and many small tidal creeks on its 
eastern and western edges arising from Sadgroves Creek and Reichardt Creek. As 
Sonnerafia-lined foreshores and tidal creeks are the two main dry season larval habitats 
of C. ornafus, the unusually high C. ornafus levels in the hinterland are probably due to 
the unusual development of these two habitats in this area. 

The quantitative data gathered on the density and distribution of emerging C. ornatus 
adults allows an estimate to be made of the numbers of midges emerging each 
fortnightly tidal cycle from a creek system. As most of the female population appears to 
move into the hinterland, an estimate of the host-seeking activity that occurs each 
fortnight can be made based on the numbers of females emerging. The greatest levels 
of emergence were found on the creekbanks of the upper reaches of the many small 
tidal tributaries running into the main creek channels. The main emergence habitats in 
these small tributaries were on average 75 m in length, approximately 4 m in width and 
occurred on each of the creekbanks. This gives an area of 600 m2  per tributary. As there 
were marked changes in emergence levels both seasonally and along the creekline, two 
measures of midge productivity can be used. Peak emergence levels were recorded in 
the late dry season, with the most productive transect of traps producing just over 300 
females per m2  (see figure 3.3). This probably represents the maximum level of 
emergence that occurs on the creekbanks at the height of the midge season and 
equates to 180,000 females per tributary per fortnight. A more typical level of 
emergence in the middle to late dry season appears to be around 50 females per m2  
(see figure 2.11). This equates to 30,000 females per tributary per fortnight. 

The number of small tributaries running into a creek can be estimated from aerial 
photographs. For example, about 23 tributaries run into Sadgroves Creek, while about 
16 tributaries of equivalent size run into Reichardt Creek (plate 1.2). Accordingly, 
emergence sites in the tributaries of Sadgroves Creek are possibly producing nearly 
700,000 female midges per fortnight during the later half of the dry season, and possibly 
over 4 million female midges per fortnight at the height of the midge season. Reichardt 
Creek would have about 70% of the midge productivity of Sadgroves Creek. 
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The extensive areas of Sonneratia between Sadgroves Creek and Reichardt Creek 
would also be making a significant contribution to midge numbers in the adjacent 
hinterland. Assuming that the band of Sonneratia between Sadgroves Creek and 
Reichardt Creek is about 3 km long and 60 m wide and that emergence levels are 
typically 20 females per m2  per fortnight, then about 3.6 million females would be 
produced in this area each fortnight. Midge production could be much higher, as almost 
100 females per m2  per fortnight was recorded from one trap site. The proportion of 
females emerging from this area that reach the hinterland is uncertain as the band of 
Sonneratia is over 1 km from the hinterland margin. In most areas of Darwin Harbour 
the Sonneratia zone is much closer to the hinterland. 

7.5.2 - Monitoring 

The monitoring of C. ornatus population levels is necessary to determine the magnitude 
of a potential pest problem in an area. In the Northern Territory, adult population levels 
are currently determined prior to coastal urban developments by the Medical 
Entomology Branch of the Territory Health Services as part of their biting insect 
investigations. The monitoring of population numbers is also necessary if the 
effectiveness of control measures such as buffer zones or land reclamation are to be 
accurately determined. Near Darwin the measurement of C. ornatus population levels 
has previously been undertaken with either unbaited light traps (Reye and Lee 1963) or 
CO2-baited light traps (e.g. Liehne 1985; Whelan etal. 1996). 

The results of the current study suggest that two other methods also have potential as 
monitoring techniques. It was found that the numbers of midges recorded in emergence 
traps probably reflects population levels in nearby hinterland areas and so could be used 
as an indirect method of monitoring the hinterland population. Although biting rates have 
been used in C. ornatus investigations (Logan etal. 1991), biting activity has never been 
used as a monitoring technique. This is possibly due to the difficulty of accurately 
quantifying the numbers biting, as well as the obvious discomfort that would have to be 
endured by the sampler. The method developed in the current study of using landing 
rate as an indication of the biting rate overcomes both of these problems and so 
provides another technique that can be used to quantify the population level of host 
seeking females in an area. Although the use of CO2-baited light traps will probably 
continue as the main sampling method for adult populations due to their proven 
effectiveness and ease of operation, the other techniques discussed above provide 
additional information, such as the actual emergence and biting rates, that might be 
useful in pest management studies. 
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Whelan and Hayes (1993) found that the greatest catches of adults taken in CO2-baited 

light traps situated in the hinterland were recorded on the night of the highest tide in 

each fortnightly tide cycle (i.e. the spring tide). Consequently, the subsequent monitoring 

of adult population levels was based on sampling on the night of the spring tide only 

(Whelan etal. 1996). The current study indicated that there are two peaks in adult 

abundance in the hinterland each fortnight, correlating with emergence in the Sonneratia 

zone and at creekbank sites. These two peaks in abundance occurred about four days 

apart, with emergence from creekbank sites leading to the spring tide peak in 

abundance in the hinterland. If the contribution of emergence from each of these 

habitats to the adult population in nearby hinterland areas is to be determined, it would 

be necessary to sample on two occasions about four days apart, in each fortnightly tidal 

cycle. As the day of peak emergence in each fortnightly tidal cycle shifts relative to both 

the tidal and lunar cycles by three or four days through the year, the optimum day for 

sampling peak adult numbers will also change by three or four days through the year. 

Light trap and biting rate data indicate that the day of peak abundance in the hinterland 

is probably three or four days after peak female emergence. As the day of peak female 

emergence can be accurately determined with emergence traps, it should be possible to 

accurately predict the day of peak female abundance in the hinterland to be used in 

monitoring studies. This would require emergence trapping to be undertaken 

immediately prior to adult sampling in the hinterland. 

7.5.3 - Control 

The protection of communities from attack by pest midges is not currently practical once 

the adult midges have dispersed from their larval habitats within the mangroves. 

Consequently, control by modification of the larval habitat has been suggested as a 

potentially effective method for protecting communities (Reye 1990b). As the larval 

habitats of C. ornatus were not known in the Northern Territory, the current study was 

initiated to identify and characterise their distribution within mangroves so that the 

targeting of control methods to the larval habitat could be evaluated. Two types of 

control methodology aimed at the larval stage of intertidal biting midges have been 

previously used - chemical control and habitat modification. The possibility of the 
chemical control of C. ornatus has been discussed by Whelan etal. (1996) who 

concluded that with current technology the method was unlikely to be either practical or 

environmentally acceptable within a mangrove habitat. Problems with chemical control 

within mangroves include the difficulty of access to midge habitats, the inefficiency of 

aerial application due to the dense mangrove canopy, the short period of biological 
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activity that most insecticides have in mud, the likely development of resistance in the 
midges; undesirable effects on non-target organisms, and the on-going costs of 
re-application. 

Habitat modification has many advantages over chemical control, including the 
possibility of providing a permanent solution to the midge problem in an area. The 
commonest approach to habitat modification in intertidal areas has involved building a 
bund wall seaward of the larval habitat and either flooding or infilling the area landward 
of the bund, and so destroying the larval habitat. There are instances were bunds have 
been successfully used to control midges in Queensland, but the method is probably 
only suitable where larval habitats are small and localised and there are small tidal 
ranges (Whelan etal. 1996). 

The construction of bunds to flood the three C. ornatus habitats found within mangroves 
near Darwin is unlikely to be practical from an engineering perspective or acceptable 
from an environmental perspective. The building of bunds does not appear practical 
because of the deep unconsolidated marine muds of Darwin Harbour, the wide tidal 
range over which larval habitats occur (from just below Mean Low Water Neap to just 
below Mean High Water Spring) and the extensive nature of the larval habitats i.e. in the 
upper reaches of the many small tidal creeks and along almost all mangrove lined 
foreshores. Even if the construction of bunds was practical, the destruction of large 
areas of mangrove due to permanent flooding would not be acceptable to many interest 
groups such as the commercial and recreational fishing industries, traditional aboriginal 
land owners, environmentalists, and many Darwin residents. 

If the construction of bunds was possible, intermittent flooding as discussed by Reye 
(1995) might alleviate some of the environmental consequences of permanent flooding, 
but is currently an untried technique. Although a variety of methods for the control of 
C. ornatus have been suggested (Reye 1995), the most practical approaches for the 
Darwin Harbour area appear to lie in avoidance, at the personal, household and town 
planning levels, and through the use of buffer zones between residential areas and 
midge breeding sites within the mangroves, as discussed by Liehne (1985) and 
Whelan etal. (1996). 

Personal protection can be achieved by a variety of ways including the use of 
commercial insect repellents containing diethyl-toluamide (DEET), the wearing of long 
trousers and long sleeved shirts, and avoidance of exposure at times or in places where 
midges occur in large numbers, e.g. around the time of the spring tides every fortnight. 
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Household protection can be achieved by the use of fine meshed screens on windows 
and doors, ventilation (either natural or by the use of fans), repellents such as mosquito 
coils, and by the removal of potential midge harbourages around the house such as 
dense, well watered vegetation. 

Buffer zones between midge larval habitats within mangroves and urban developments 
currently offer the only real possibility of protecting communities from midge attack. The 
effectiveness of a buffer zone is thought to be dependant on its width and the nature of 
the vegetation within the buffer (Liehne 1985). It has been suggested that modifications 
made within a buffer zone such as wind belts, semi-rural developments, and arterial 
roads with street lighting, might increase the effectiveness of a buffer zone and so allow 
narrower but equally effective buffer zones to be successfully used (Liehne 1985; 
Whelan et al. 1996). The use of a 1 km wide buffer zone to separate Darwin's satellite 
city, Palmerston, from nearby mangroves has had considerable success in limiting the 
pest problem in residential areas (Whelan etal. 1996), but the pressure of urban growth 
has meant that there is now a pressing need for the development of much narrower 
buffer zones that can achieve the same results. 
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