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ABSTRACT  
 

The rivers of the wet-dry tropics in northern Australia support highly productive and 

diverse ecosystems, with a wide variety and abundance of freshwater fish. 

However, there are significant and imminent anthropogenic threats to these near-

pristine ecosystems and the implications for freshwater fishes are difficult to 

predict, as there is little information known about basic life history, particularly 

reproduction and early life stages of these fishes. 

This study investigated the temporal and spatial variability of spawning and 

recruitment of freshwater fish during the dry season, low-flow period in the Daly 

River, Northern Territory.  Sampling of fish early life stages occurred at 6 weekly 

intervals (May- October 2013) at the Daly River Crossing, to investigate temporal 

patterns. On two occasions (early and late dry season 2013) sampling also occurred 

at Claravale and Oolloo Crossings, when spatial and habitat patterns were explored. 

A diverse range of sampling gears was used across a range of slackwater habitats 

and the mid-channel environment, during both the day and night.   

The dry season low-flow period was found to be important for freshwater fish 

spawning (indicated by presence of larvae) and recruitment (indicated by presence 

of juveniles). Twenty species were recorded spawning during the 2013 dry season, 

from a range of different life history strategies and taxonomic groups. Spawning 

occurred throughout the dry season, although the transition times (coming from 

the wet to the dry season, and dry to wet season) seemed to be key spawning 

periods for the majority of species collected. Temporal variability was largely due to 

a peak in larval abundance towards the end of the dry season, attributable to the 

increased abundance of larvae of opportunistic species (i.e. Craterocephalus 

stramineus and Craterocephalus stercusmuscarum). Larval and juvenile fish 

assemblages also varied among river reaches; with larval abundance lower and 

juvenile species richness higher at the downstream site (Daly River Crossing), 

compared to the other two sites. Variability may be due to broad differences in 

habitat characteristics (e.g. submerged vegetation) and position within the 

catchment. Within-reach spatial variability was also evident, as the majority of fish 
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in early life stages used low flow slackwater habitats along the bank edges, rather 

than the mid-channel. This is consistent with the low flow recruitment hypothesis 

(Humphries et al. 1999). The recorded environmental variables within slackwaters 

only explained 31.9 % and 27.6% of the variance in the larval and juvenile 

assemblages respectively, with dissolved oxygen and turbidity being responsible for 

most of the variation.   

This study has made a key contribution to understanding the significance of dry 

season low flows for spawning and recruitment of freshwater fishes in wet-dry 

tropical rivers. However, longer term and more spatially replicated sampling is 

required to confidently describe the importance of the period, and the spawning 

period and cues of freshwater fishes in these rivers.   
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CHAPTER 1: INTRODUCTION 

1.1 Background 

Fish are the most diverse vertebrate group, with more than 32,000 species 

recognised globally (Eschmeyer & Fong 2012), and an estimated 15,170 being 

freshwater species (Eschmeyer et al. 2010).  Fishes contribute substantially to the 

overall biodiversity of ecosystems and are critical components of riverine and 

wetland food webs. Native fish populations are recognised and widely used as an 

indicator of ecological health within riverine ecosystems, as they are dependent on 

the morphology, hydrology and water quality of the river (Karr & Chu 2000; 

Schiemer 2000).  Fish are an essential food source for many humans, and have 

economic, recreational and cultural value within society. An understanding of the 

factors that govern the population dynamics of riverine fish is therefore important. 

1.2 Recruitment ecology 

Population fluctuations are governed by factors that affect birth and death rates, as 

well as immigration and emigration (Wilson 2009). For many organisms, mortality 

rates are usually very high during early life stages, which for fishes include the 

period from fertilisation through the embryonic and larval stages and extending into 

the early portion of juvenile life (Chambers & Trippel 1997). While fish are capable 

of producing hundreds to millions of young, even in a single breeding event, 

mortality rates generally exceed 95% for most species in these early life stages 

(Kelso & Rutherford 1996; Chambers & Trippel 1997; Houde 2002).  This high 

mortality rate means that even subtle changes in early life stage mortality rates is 

likely to have significant consequences to future year-class strength and the 

population dynamics of fishes (Wootton 1990). 

The early life stages are a critical phase in the lives of fish, as the number of larvae 

that survive to be juveniles will determine the strength of their cohort that grow to 

sexual maturity and reproduce themselves (King et al. 2013). Survival of fish to a 

reference time in the life cycle (e.g. end of year one, metamorphosis or settlement) 

is termed recruitment (Chambers & Trippel 1977). Recruitment strength is strongly 

influenced by events occurring during the early life stages, when individuals 
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undergo rapid and substantial changes in morphology, ecology, behaviour and 

habitat uses (Chambers & Trippel 1997). In general, fishes in early life are more 

susceptible than adults to both natural and anthropogenic disturbances (Schlosser 

1985; Holt 2002; Houde 2002) with many hazards in the early, post-hatching stages 

of life (Figure 1.1), including predation, disease, starvation, hypoxia, smothering by 

silt, nursery habitat degradation, poor water quality and inherited defects (Wootton 

1990; Holt 2002).  

 

 

Figure 1.1.  A conceptualisation of the recruitment process in fishes including the sources of 
nutrition, probable extrinsic sources of death and hypothesised mechanism of control for the early 
life stages of fish. Redrawn after Houde 1997. Source: McCasker (2009). 

 

Many early fish recruitment models (Hjort 1914; May 1974) suggest that the most 

limiting factor during early life history is food availability, although recently 

predation is also suspected as being the major limiting factor. Hjort (1914) 

examined the relationship between food availability, larval survival and subsequent 

recruitment and concluded that larvae need to find high densities of appropriately 

sized prey to survive during this ‘critical period’ as they have a range of 

physiological constraints that limit their search capabilities, such as poor eyesight, 

small body size, limited swimming capability and small mouth gape (Bone & Moore 

1995).  
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Cushing (1990) later proposed the match/mismatch hypothesis, which states that 

for strong recruitment to occur, peak production of both fish larvae and their prey 

need to overlap. The assumption is that fish spawning is consistently timed, but 

variation in zooplankton abundances occurs due to changing environmental 

variables, such as temperature. A match occurs when the peak abundances of both 

larvae and zooplankton overlap, resulting in a strong recruitment year. 

Alternatively, a poor recruitment year occurs when there is a mismatch and the 

larval spawning season does not overlap with the peak abundance of zooplankton. 

Feeding, growth and survival of larvae are optimal when there is a balance between 

the interval in which they begin exogenous feeding and the availability of food in 

the environment. Other studies suggest that predation may have a more significant 

effect on fish recruitment (Houde 1997; 2002), and that the densities of 

appropriately sized prey resources are not so significant for fish larval survival 

(McCasker 2009). An extension of the match/mismatch hypothesis is the window of 

opportunity hypothesis (Humphries et al. 2013), which considers fish recruitment in 

an intra-annual context. It states that in any one year, if optimal conditions for 

recruitment vary temporally, fish that spawn over a protracted period have a 

recruitment advantage over fish that only have a brief spawning period, as the 

probability  that they will encounter a ‘match’ with optimal recruitment conditions 

is greater. However, the critical period (Hjort 1914) and the match/ mismatch 

hypothesis (Cushing 1990) are still widely accepted, and hence many fish 

recruitment models are based on the assumption that the most limiting factor 

during early life history is prey resources.   

1.3 Fish recruitment models in floodplain rivers 

The principle driver of ecosystem function in floodplain rivers is flow, with flood 

dynamics predicted to be the primary environmental factor that influences fish 

recruitment in large rivers (Sparks 1995; Bunn & Arthington 2002; Winemiller 

2005a). The flood pulse concept (Junk et al. 1989) is a central theory in riverine 

ecology. It was developed primarily from observations of large tropical rivers and 

emphasises the importance of floodplain inundation for lateral connectivity 

between the river channel and the floodplain.  It is based on the theory that the 
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bulk of the river’s productivity is derived from within the floodplain and that the 

flood pulse is therefore the driving force for the maintenance of biotic diversity and 

the production of plant and animal biomass. An accessible floodplain is important 

for fish recruitment as it provides a suitable spawning environment and abundant 

food and habitat for fish, whereas the main channel is primarily used as a migration 

route (Junk et al. 1989). 

Harris and Gehrke (1994) developed the flood recruitment model from observations 

of temperate Australian floodplain systems, and based it on similar principles to the 

flood pulse concept.  Flood stimulus with over-bank flows and inundation of the 

floodplain are seen as enhancing fish recruitment in two ways: (i) flooding directly 

stimulates spawning in some species, and (ii) indirectly enhances survival for larvae 

and juveniles by providing abundant food and habitats on the inundated floodplain.  

In tropical river systems throughout the world, where seasonal changes in 

temperature and day-length are relatively small, flooding is thought to be the major 

cue for breeding of most riverine fish (Welcomme 1985).  In temperate systems 

some studies have demonstrated the significance of coinciding rising temperatures 

and high flows for successful fish recruitment (Galat et al. 1998; Sparks et al. 1998), 

but direct use of the floodplain for fish recruitment does not necessarily occur in all 

floodplain rivers or for all the fish species present in them, as it would depend on 

the nature of the flood pulse (the timing, magnitude and duration) and the life 

history characteristics of the fish fauna as to if, and how, fish would potentially use 

it (King et al. 2003). In fact, other studies in temperate regions have shown that 

some native fish species are able to spawn and recruit during periods of low- flow 

with high temperatures (Humphries et al. 1999; King 2002; Humphries et al. 2002; 

Cheshire 2010).  

The low flow recruitment hypothesis (Humphries et al. 1999) recognises that 

spawning and recruitment in some fish species is independent of floods and that 

warm, low-flow conditions provide a favourable environment. This differs from the 

previous models that assume that the main river channel does not support 

sufficient densities of prey for fish during low-flow conditions, and that the 

inundated floodplain is necessary to sustain larval fish (Junk et al. 1989; Harris & 
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Gehrke 1994). Humphries et al. (1999) proposed, and follow on studies confirmed 

(King 2002; 2004; Meredith et al. 2002; Humphries et al. 2006; Cheshire 2010), that 

backwaters and other still littoral habitats in the main channel of floodplain rivers 

are key nursery habitats for fish as they act as retention zones, providing a warm, 

still, shallow and potentially food-rich refuge for developing larvae. These specific 

main channel habitats are known as slackwaters (also termed backwaters, dead 

water zones, inshore bays or embayments), and represent a significant patch type 

of little or no flow within the main channel of rivers. Slackwaters are formed in 

slow-flowing littoral zones, in areas where the current is restricted by obstructions 

such as coarse woody debris, and in semi-enclosed areas where rising water backs 

up (Figure 1.2) (Schiemer et al. 2001). These habitats provide a refuge from 

piscivorous predators and water velocity, an important consideration for some 

species that have poor swimming abilities as larvae and may therefore initially 

require low flow habitats before an ontogenetic habitat shift to faster flows as they 

develop (Pusey et al. 2002; King 2004). The warmer temperatures in these shallow, 

low-flow habitats also enable faster metabolism and growth of larvae, which would 

be advantageous as the risk of predation and starvation generally decline with 

increased size (Houde 1997; Werner 2002). 

 

Figure 1.2.  Slackwater habitats in the Daly River formed by (a) semi-enclosed area, and (b) woody 
debris and roots. 

 

1.4 Life history strategies 

Life history theories seek to explain the factors responsible for the evolution of 

particular traits, which are adaptive responses aimed at maximising reproductive 

a b
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success (Winemiller 2005b). Life history traits for fishes  includes characteristics 

such as body size, longevity, age at sexual maturity, parental care, egg size and 

fecundity, spawning cues, timing and duration of spawning period, egg and larval 

development, and the growth rate during the first year and in adult life (Winemiller 

& Rose 1992).  

Winemiller and Rose (1992) developed a trilateral continuum of life history 

strategies for fishes, with the endpoints comprising three primary life history 

strategies that they termed opportunistic, periodic and equilibrium ,based on the 

inter-relationships among three basic demographic parameters; survival, fecundity, 

and onset and duration of reproductive life (Figure 1.3). This model of life history 

evolution in fishes is an extension of the life history theory based on the r-selection 

(affected by density-independent factors) and K-selection (affected by density-

dependent factors) continuum (Pianka 1970). Opportunistic species have 

characteristics suited to environmental conditions that are favourable only very 

briefly or irregularly on an unpredictable basis, so may be favoured in rivers that are 

subject to frequent, intense and unpredictable hydrological disturbances 

(Winemiller 2005b). These r-selected species are characterised by smaller size and 

earlier maturity, tend to have high fecundity and make a relatively small investment 

of energy per offspring. By contrast, K-selected species (similar to periodic species 

in Winemiller and Rose’s 1992 model) are affected by density-dependent factors 

such as competition, predation and disease. These periodic strategists tend to be 

larger in size, have long lives, slow development leading to delayed maturation, low 

fecundity and high parental investment. Environments in which conditions are 

constant or where there are regular seasonal patterns of alternating favourable and 

unfavourable conditions tend to be suited to k-selected species (Pianka 1970). 

Equilibrium strategists are characterised by greater parental involvement in rearing 

their young and relatively low inter-annual variation in recruitment to suit an 

environment associated with resource limitations and/or a high likelihood of 

predation mortality on early life stages (Winemiller & Rose 1992). They are 

hypothesised to be more common in stable and predictable environments 

(Winemiller 2005b).  
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Figure 1.3.  Triangular model of life history strategies of fishes, illustrating environmental gradients 

selecting for endpoint strategies. Inside arrows summarise fundamental trade-offs between juvenile 

survivorship, generation time, and fecundity that define the three end-point strategies. Outside 

arrows summarise how selection processes may favour certain strategies in relation to biotic and 

abiotic factors (modified from Winemiller 1995 and originally conceptualised in Winemiller & Rose 

1992: Source King et al. 2013). 

 

Species with different life history strategies may all cohabit, but recruitment in 

species from one strategy may be more favoured under particular climatic and flow 

conditions than other strategies (King et al. 2003). A number of studies of 

temperate river systems have shown that larval production is greatest during 

periods of low flow for species that portray opportunistic life history characteristics 

(small body size, short-lived and highly fecund) (King 2004; Balcombe et al. 2007; 

Cheshire 2010), but there has been very limited research undertaken in other 

climatic zones (but see Pusey et al. 2002). Similarly, the few studies in tropical and 

sub-tropical river environments that sampled across the seasons indicate that larval 

production is greatest in the low-flow dry season (Milton & Arthington 1983; Pusey 

et al. 2001; 2002), an environment which would favour small-bodied opportunistic 

species. However, these studies have been conducted in relatively small rivers, with 

limited floodplains and with limited methods, and the majority have targeted 

particular species. 
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1.5 Freshwater fish of the wet-dry tropics of northern Australia – the 

Daly River as a case study 

1.5.1 Climate and hydrology of the wet-dry tropics  

The rivers and floodplains of northern Australia are globally significant as they 

represent one of the last free-flowing networks in the world, with 60 major river 

catchments within the wet-dry tropics of northern Australia (Warfe et al. 2011, 

Blanch 2008). The wet-dry tropics of northern Australia encompasses a region of 

approximately 1.3 million square kilometres, extending from Broome in the north-

west of Western Australia , across the north of the continent to the tip of Cape York 

in Queensland. The region is generally of low topographical relief, and rivers 

typically have a low density of streams per unit catchment area and large lowland 

floodplains comprising up to a third of the total catchment area (Stein et al. 2009). 

Rainfall is highly seasonal and summer dominated with more than 94% falling 

between November and April, when rainfall events of high intensity occur due to 

local and organised convection, tropical cyclones or tropical depression, while 

during the dry season (May – October), there is little or no rain (Petheram et al. 

2008; Land & Water Taskforce 2009). As a result of the climate, rivers in the wet-dry 

tropics display a distinctive seasonal pattern of flow, with most flow occurring over 

a few months, and high inter-annual variation in the magnitude, timing and 

duration of flows (Petheram et al. 2008; Warfe et al. 2011). Despite relatively high 

wet season rainfall, the region has an annual water deficit due to high temperature 

and evapotranspiration rates (Cresswell et al. 2009). High temperatures throughout 

the year are common, and a characteristic of rivers in the wet-dry tropics is that 

higher water temperatures (i.e. 28 -32 ⁰C) coincide with higher flows over the wet 

season (Townsend et al. 2011).  

Warfe et al. (2011) proposed that four key features underpin the ecosystem 

structure and processes of rivers and floodplains in northern Australia’s wet –dry 

tropics (Figure 1.4). These are : (1) peak wet season flows and their variability from 

year to year, (2) the transition from wet to dry season when rainfall ceases, flows 

steadily decrease, floodwaters recede on floodplains and intermittent rivers start to 
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become disconnected, (3) the dry season and low flows, a time of limited resources 

as aquatic habitats may become disconnected and contract, and (4) the transition 

from the dry to the wet season when there are storm run-off events and 

hydrological reconnection of isolated refugia within rivers.  The seasonality of flow 

in the wet-dry tropics is predictable, however the precise timing and magnitude of 

the wet and dry seasons varies from year to year. This in turn affects dry season low 

flows, as they are linked to the amount of flow in the previous wet season and the 

amount of groundwater recharge available. 

 

 

Figure 1.4.  Typical hydrograph of a perennial river in the wet-dry tropics of Northern Australia, 
illustrating key flow features. Source: Warfe et al. 2011. 

 

1.5.2 Current threats 

The relatively pristine rivers of northern Australia currently support a diverse and 

abundant freshwater fish assemblage, however there are significant and imminent 

threats to these aquatic ecosystems with an increasing pressure to develop the 

apparently bountiful water resources in the tropical north (Land and Water 

Taskforce 2009; Pusey et al. 2011). In the Northern Territory, allocation of large 

water extraction licenses has already occurred, and there is interest by the current 

Federal government in creating a future northern food bowl (Adams & Pressey 

2014). The impact on water resources will be significant when combined with 
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existing development in the region (primarily agriculture and mining), population 

growth, land use change, climate change , altered fire regimes and invasive aquatic 

and floodplain weeds (Australian Tropical Rivers Group 2004; Pusey et al. 2011). The 

ecological impact of these anthropogenic changes to river flows is poorly 

understood, especially in the wet-dry tropics (Hart 2004), and the threat to fishes is 

difficult to assess due to the current lack of fundamental knowledge on the ecology 

and environmental water requirements of many fish species in this region. 

1.5.3 Freshwater fishes  

A total of 176 species of bony fish and six species of elasmobranch have been 

recorded from the freshwaters of northern Australia. Of these, 86 species reside 

exclusively in freshwaters, and 90 out of 176 require access to marine or estuarine 

waters, usually for reproduction, at some time during their life history (Pusey et al. 

2011). The wet-dry tropics of northern Australia are considered to be a region of 

high species richness for freshwater fishes, containing around 51 % of Australia’s 

freshwater fish species (Pusey et al. 2011). The Daly River basin, which is the focus 

of this study, is considered to be particularly high in species, with 45 freshwater fish 

species being recorded to date (NAFF 2014), across a range of life history strategies 

and taxonomic groups (Table 1.1). High species richness is likely due to the large 

size of the Daly River Basin, and the river’s perennial flow (Kennard et al. 2010; 

Pusey et al. 2011); ensuring base flow throughout the dry season when many other 

rivers experience intermittent flow and disconnection. More recent surveys of the 

Daly River suggest that the river supports over 75 species of freshwater and 

estuarine fish and elasmobranchs, including some endangered and vulnerable 

species (Pusey et al. 2011). Even this is considered to be an underestimate, with 

new species being collected all the time in areas that have either never been 

surveyed or have been poorly surveyed in the past (Pusey et al. 2011). Additionally, 

genetic molecular studies are continuing to discover previously unrecognised 

species (Unmack & Dowling 2010).   
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Table 1.1.  Characteristics of Winemiller and Rose’s (1992) three life history strategies and some 
proposed example species of fishes in the Daly River. This is a preliminary listing based on known life 
history traits (Appendix 1) and life-history strategy at family level constructed by Sternberg & 
Kennard (2013).  * = little known, presumed to be this strategy 

Variable Opportunistic Periodic Equilibrium 

Size at 
maturation small medium/large small / medium 
    

Longevity short-lived long-lived   variable 
    

Maturation early/ rapid late / delayed medium/ late 
    
Reproductive 
effort 

 long reproductive 
season  

short reproductive 
season 

long reproductive 
season 

    

Fecundity / batch small clutches large clutches small clutches 
    

Parental care No No Yes 
    

Egg size small small medium/ large 
    

Larval growth rapid rapid  Variable 
    

Example Species Western rainbowfish * Eel tailed catfishes Fork tailed catfishes 

 
Black-banded 
rainbowfish Sooty grunter Mouth  almighty 

 
Fly- specked 
hardyhead * Barred grunter Sleepy cod 

 Strawman hardyhead Butler's grunter Giant gudgeon 

 Glassfish Archerfish 
Northern trout 
gudgeon 

 Spangled perch Bony bream  

 Pennyfish * Freshwater longtom  

 Delicate blue-eye * Snub-nosed garfish  

 Spotted blue-eye   

 Empire gudgeon   
        

 

There is limited information on the reproductive biology or early life history of 

freshwater fish in the wet-dry tropics of northern Australia (Pusey et al. 2004; King 

et al. 2013). The most comprehensive research to date on the early life stages of 

fishes in the wet- dry tropics of northern Australia was undertaken by Bishop et al. 

(2001) in the ephemeral Alligators Rivers Region in 1978/79. This study examined 

the size composition of populations across habitats and seasons and found that 

most fish species (25) spawned around the onset of the wet season, 13 species had 

well defined breeding seasons (mainly around the early wet season), and 10 species 

either had an extended breeding season (usually through the wet season) or bred 
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continuously throughout the year (Figure 1.5). However, this study had several 

limitations. It defined the spawning period of each species as the range of seasons 

during which fish were collected with “ripe” or “spent” gonads; and often with 

small sample sizes. Some species, particularly periodic species, may not release ripe 

eggs until suitable conditions arise (Mackay 1973); hence direct sampling of larvae is 

more accurate when defining spawning times. Lowland backflow billabongs and 

floodplain billabongs were identified as the two habitats that were most important 

as nursery areas within the Alligator Rivers region. This was based on collecting 

small juveniles of the largest number of species in these two habitats, and did not 

consider that rapid changes in early life result in many fish species making 

ontogenetic habitat shifts as their resource needs change (Pusey et al. 2002; King et 

al. 2013). Whether this occurs in this region is unknown. 

 

 

Figure 1.5.  Patterns of spawning time (number of species spawning in each month = grey bars, *= 
unknown spawning period), mean monthly rainfall (solid line) and mean monthly maximum 
temperature for the Alligator Rivers region, Northern Territory. Climactic data from Bureau of 
Meteorology (Jabiru) and fish spawning data Bishop et al. (2001) (Source: King et al. 2013). 

 

To date, there have been no studies in the Daly River region sampling the early life 

stages of fishes to investigate when and where fish are spawning, and how this may 

vary both intra-annually and inter-annually and between river reaches. Considering 

the diversity of life history traits of fishes in the Daly River (Table 1.1), it would seem 
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highly likely that some species would spawn during the dry season, low-flow 

periods, as this period of predictable stable flows could favour species with limited 

swimming ability (Pusey et al. 2002) or perhaps those that display parental care 

(such as nest-building or buccal incubation requiring transfer of eggs at hatch). 

It is crucial to gather baseline information now on fish spawning and environmental 

factors that affect the survival and recruitment of fish species while the aquatic 

ecosystem is considered to be healthy and the river is free flowing, as this is an 

important period for conservation and management.   

1.6 Study Aims 

We know from studies in temperate river systems that low flows, and specifically 

slackwater habitats in the main channel of large floodplain rivers, are important for 

spawning and recruitment of some fish species. However, it is unknown if the 

predictable low flows during the dry season in the wet-dry tropics are an important 

spawning and recruitment time for fishes in northern Australia. 

This study investigated the temporal and spatial variability of spawning (indicated 

by presence of larvae) and recruitment (indicated by presence of juveniles) of 

freshwater fish during the dry season low flow period in the Daly River, Northern 

Territory. 

The aims of this research are to: 

1. Determine whether freshwater fishes are spawning during the dry season in 

a large perennial river of the wet-dry tropics (Daly River), and if so, which 

species are they? 

2.  Investigate whether the larval and juvenile fish assemblages vary temporally 

throughout the dry season 

3. Investigate whether the larval and juvenile fish assemblages vary spatially 

among river reaches; and 

4. Determine whether specific habitat characteristics are associated with the 

habitat use of early life stages 
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CHAPTER 2 METHODS 

2.1 Study Region – The Daly River 

This study was conducted in the Daly River, a perennial, groundwater fed river 

catchment, located approximately 200 km south of Darwin in the wet-dry tropics of 

northern Australia (Figure 2.1). The river flows from the foothills of Arnhem Land, 

320 km north-west into the Timor Sea at Anson Bay and is considered largely 

unregulated and free flowing (CSIRO 2009). It is large, being 325 km in length and 

with a catchment area of 52,577 km² (Begg et al. 2001; Barton & Pantus 2010). The 

two dominant land uses within the catchment are low-density cattle-grazing (50%) 

and conservation / natural environment (42 %), with approximately 5 % of the 

catchment cleared for other intensive land uses including urbanisation, pasture and 

agriculture (Law & Blanch 2009).  

  

 

 
Figure 2.1.  Daly River catchment showing major rivers, Mt. Nancar gauge station and fish sampling 
sites. 1= Daly River Crossing, 2= Oolloo Crossing, 3 = Claravale Crossing 

1

2

3
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The Daly River displays strong hydrological seasonality with up to 95% of rainfall 

occurring in the wet season (November – April), and intermittent tropical showers 

of high rainfall intensity (mean > 8 mm/day) resulting in rapid runoff (CSIRO 2009). 

Despite the monsoonal rainfall patterns, the region is water limited, as the mean 

annual potential evaporation (1942 mm ±29 mm) exceeds the mean annual rainfall 

(1019 mm ± 189 mm) (CSIRO 2009). Air temperatures in the region range from 13-

31.7 ⁰C in July to 22.1 – 36.8 ⁰C in October, with the temperature peaking in 

October/ November (Begg et al. 2001).   

 

 

Figure 2.2.  Historical mean monthly (a) rainfall and (b) areal potential evapotranspiration and their 
temporal variation (range and ± one standard deviation) averaged over the Daly Region. Source: 
CSIRO (2009). 

 

Despite the high rate of potential evaporation (Figure 2.2b), and little or no rain 

during the dry season (May – October) (Fig. 2.2a), Daly River flows are sustained 

throughout the year by groundwater inputs from two underlying limestone 

aquifers. The catchment lies on a bed of Cambrian limestone and sandstone 

formations, and it is primarily the Tindall limestone and Oolloo limestone, which 

contain extensive unconfined aquifers, that are responsible for the perennial nature 

of the Daly River system (Begg et al. 2001). The excess rainfall (run off) in the wet 

season recharges the river system, with slow discharge from the limestone aquifer 

systems resulting in a large number of springs and seepage zones (Figure 2.3) that 

contribute substantially to the base flow of the river (Price et al. 2000).  
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Figure 2.3. Groundwater discharge from a seep at Oolloo Crossing; photo taken in October 2013. 

 

The Daly River has the greatest discharge of all rivers in the Northern Territory with 

a mean annual stream-flow estimated to be 8,653 GL (273 m³/s), and a dry season 

base-flow of 446.2 GL (CSIRO 2009; Pantus et al. 2011). The flow peaks around 

March/April and then diminishes substantially by May, with low flows persisting 

until early December (Fig. 3.1a). Flow shows inter-annual variability depending on 

the timing, magnitude and duration of the wet season (Warfe et al. 2011). 

 

The three river reaches used in this study were all located in the perennial main 

river channel of the Daly River: Claravale Crossing (CLDR: 14⁰21’910”S, 

131⁰33’684”E), Oolloo Crossing (OODR: 14⁰04’307”S, 131⁰15’209”E) and Daly River 

Crossing (DRDR: 13⁰46’132”S, 130⁰42’996”E) (Figure 2.1). The sites all consisted of 

broadly the same habitat features with a deeper mid-channel region and a variety 

of shallower, slackwater habitat types along the littoral margins. The study reaches 

ranged from 2.3 km at DRDR to 1.1 km in length at CLDR and OODR, with a channel 

width of approximately 70m.  
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Large woody in-stream debris was common at all sites, with patches of aquatic 

macrophytes, especially at CLDR and OODR. Vegetation on the bank edges (when 

present) consisted primarily of Phragmites karka and ferns. The very high river 

banks generally have a dense riparian strip of vegetation, dominated by 

Lophostemum grandiflorus, Pandanus spiralis or Corymbia bella. The broader 

catchment vegetation is characterised by open eucalypt woodlands dominated by 

Eucalyptus tectifica and Eucalyptus latifolia, with a sorghum grass understorey, 

shrublands that usually contain Hakea arborescens, small patches of wet rainforest 

vegetation and dry vine thickets (Northern Territory Government 2003; CSIRO 

2009).  

 

2.2 Materials and Methods 

2.2.1 Sampling trips 

 
To investigate what fish species spawned during low flows, and whether this varied 

temporally over the dry season, sampling of the early life stages of fish (eggs, larvae 

and juveniles) was conducted at regular 6 weekly intervals throughout the dry 

season of 2013 (May - October) at the Daly River Crossing (DRDR); a total of 5 

sampling trips.  On two occasions, in the early and late dry season (June and 

October 2013), sampling also included two other sites, Claravale (CLDR) and Oolloo 

(OODR). This was to determine whether fish spawning varied spatially between 

sites, and to investigate the characteristics of nursery habitats.  

 

2.2.2 Sampling gears  

 
Sampling of the early life stages of fishes across the dry season used a suite of 

standardised methods (electrofishing, light traps, drift and trawl nets) that have 

been used previously in large river systems in southern Australia to sample larval 

freshwater fish (King et al. 2003; King 2004; Cheshire 2010). A range of sampling 

gears was used, as small fish exhibit a wide range of characteristics such as habitat 
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associations, basic biology and behaviour (Nelson 2006), making it unlikely that a 

single sampling method would represent the entire fish assemblage present. 

As diel variation has been identified for many Australian freshwater fish species in 

temperate regions, with most exhibiting higher abundances during the night 

(Gehrke 1992; King 2004; Cheshire 2010), a range of sampling gears suited to night 

sampling of different habitats was used. There has also been very limited sampling 

of the early life stages of freshwater fish in northern Australia and hence both 

passive and active standard sampling gears were employed. 

 
Sweep Net Electrofishing (SNE) 
 
The SNE method is used for sampling small-bodied freshwater fish in a quantifiable 

and repeatable manner throughout a range of habitat types (King & Crook 2002). 

The method uses a modified standard Smith Root backpack electrofisher with a  

10 cm diameter anode ring. The anode pole is fitted with a moulded plastic 

rectangular frame (25 x 30 x 2 cm) with an attached 250 µm mesh sampling net that 

resembles a standard sweep or dip net that tapers into a removable collecting jar 

(Fig. 2.4a). The SNE method stuns small-bodied fish and immediately catches them 

in the fixed net, and is a proven method for effectively capturing larval and juvenile 

fish (King & Crook 2002). Due to the presence of saltwater and freshwater 

crocodiles, sharks, freshwater whiprays and sawfish, steep banks and variable 

littoral habitat depths, all sampling was conducted from a small boat fitted with a 

15 hp engine. Sampling involved approaching the selected habitat quietly from a 

downstream direction and moving at a constant, slow speed during the sampling 

process. The operator was securely seated at the front of the boat, and the anode 

was activated and sampled the habitat in a forward zigzag motion to cover all 

available depths of the habitat (Fig. 2.4b). Sampling was undertaken for one minute 

and timed using a stop watch by a second operator, allowing the SNE operator to 

stop and re-start when obstacles such as branches, thick vegetation or sand banks 

were encountered. In addition, the SNE operator was able to move to different 

positions within the habitat, reducing the potential problem of herding fish (King et 

al. 2003).  
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Figure 2.4.  (a) Smith Root backpack electrofisher modified for sampling (b) Using SNE in shallow 
slackwater habitat in the Daly River 

 

Light traps 

Modified quatrefoil light traps are an effective method for collecting fish larvae as 

they exploit the positive phototactic response of many fish species (Hickford & 

Schiel 1999). However, not all species are phototactic, and hence the need to use 

this passive gear with more active capture methods. Light traps are constructed 

from clear Perspex and steel, with a removable 250 m sieve attached to the base 

(Figure 2.5). Small gaps between each of the four cylindrical tubes enable larvae to 

enter, but prevent larger fish from entering and potentially preying on the larvae. 

This may have occurred on the first trip in May as there were abundant numbers of 

juvenile and adult fish found in the samples, and low numbers of larvae. As a result, 

the gaps in the light traps were modified to 5 mm. Upon deployment, a yellow 

Cyalume® 12 hour light stick was placed in the centre tube of the light trap. Half of 

the light traps had styrofoam fitted to the top for floatation, so that sampling a 

habitat at the top, mid or bottom of the water column was possible.  

 
 
 
 
  

a b 
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Figure 2.5.  Larval light traps, showing (a) the 2 types of light traps: sinking and floating (with 
styrofoam top), (b) floating light trap with Cyalume® light stick, and (c) floating light trap deployed 
and attached to nearby vegetation. 

 
Drift Nets 
 
Drift nets have been an effective method used in a number of studies for the 

collection of larval fish (Humphries & Lake 2000; King 2005; Cheshire 2010), and 

allows sampling of the open waters in the main channel for species that exhibit a 

drifting dispersal phase in their early life stages (King et al. 2003) or species with 

ontogenetic habitat-use patterns (King 2004). The drift net is constructed of 500 µm 

mesh, is 1.5 m long with a 0.5 m diameter mouth opening, and tapers down to a 

removable collection container at the bottom (Figure 2.6a). A General Oceanics Inc. 

(Florida, USA) flow meter was attached in the mouth of each drift net to enable raw 

catch data to be adjusted to a standard volume of filtered water (1000 m³). The drift 

nets were unable to be deployed at CLDR in October due to very slow flow 

a  b 

c
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throughout the reach, and trawl net sampling (see below) of the mid-channel was 

conducted instead, in an attempt to characterise the occurrence of larvae in this 

habitat type. In addition, on several occasions the volume of water filtered was 

unable to be measured as the flow meter did not function properly. However, on 

these occasions, flow velocity was measured with a portable flow meter at the time 

of deployment and retrieval, with an average of these measurements used as an 

estimate of flow velocity and volume filtered.    

 

Trawl Nets 

The trawl net is constructed of 500 µm mesh which tapers down to a collection jar 

and has  a General Oceanics Inc. (Florida, USA) flow meter attached to the mouth of 

the net to enable raw catch data to be adjusted to a standard volume of filtered 

water (1000 m³). The net is towed behind the boat (travelling in an upstream 

direction) in the mid-channel open water for three minutes, and timing commences 

when the rope is at full length (Figure 2.6b). This study found trawl nets to be an 

ineffective method for sampling larvae in the faster flowing mid-channel areas, in 

contrast to other studies that have used this method successfully (Kelso & 

Rutherford 1996; Humphries et al. 2002; Cheshire 2010). As a result, trawl nets will 

cease to be used in on-going studies of early life stages of fishes in the Daly River. 

  

 

Figure 2.6.  (a) Three drift nets deployed at Daly River Crossing, and (b) Sampling on the Daly River 
using the trawl net 

 

 

  

a b
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2.3 Sampling methodology 

2.3.1 Fish early life stages 

Sampling was conducted in a random manner, with slackwater habitats selected 

based on their availability in the reach, with an effort made to include a variety of 

slackwater habitat types (e.g.: different shape, substrate, in-stream habitat features 

such as woody debris and vegetation). Mid-channel habitats were selected based 

on requirements related to the sampling gear. A section of the river reach with 

medium to fast flow and immovable snags were chosen to enable sampling with 

drift nets, and areas clear of snags and fallen branches were chosen for sampling 

with trawl nets.  

 

The SNE method was used to sample larval fish in the slackwater habitats. Sampling 

was conducted during the day and the same habitats were then sampled again at 

night during all trips, except Trip 1 in May, after which the benefits of night time 

sampling were apparent form light trap results. During the day, the location of 

slackwater replicates were marked with flagging tape tied to overhanging branches 

or vegetation and the locations were recorded using a GPS (Garmin model). The 

number of replicates varied, with an effort made to sample at least 10 during the 

day and 10 at night (Table 2.1). The increase in SNE replicates in June and October 

was included to investigate if early life stages were using any particular type of 

microhabitat characteristics of slackwater habitats.  Day samples were taken from 

0800- 1730 hours (but generally in the afternoon), and night samples between 2000 

and 2230 hours. Habitats were not disturbed between the collections of the day 

and night-time samples, and these two sampling events were treated as 

independent in the analysis, as fish were able to move freely between the non-

sampled habitats and sampled habitats for a number of hours between each event.  

 
Light traps were used to sample structurally dense habitats, which are difficult to 

sample with active methods such as the SNE or dip nets. A total of 10 larval light 

traps were deployed near dusk at the DRDR site and retrieved early the next day.  

The traps were tied to branches, snags or overhanging vegetation. Water flow was 
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defined as still or slow based on direct observation, and the position of the light 

trap (top, mid or bottom) in the water column was recorded.  

 

Drift and trawl nets were used to sample the deeper, faster flowing mid-channel 

habitats. Three drift nets were tied to immovable snags and deployed for a period 

of 3 hours during the day (1500 - 1800)  and 12 hours overnight (2000 - 0800).  

Trawl nets were also used to sample mid-channel habitats during the day (1700-

1800) for a timed period of 3 minutes, a total of six replicates at DRDR, with three 

tows being in the middle of the main channel, and three being closer to the bank 

(Table 2.1).  

 
Table 2.1.  Number of replicates for different gear sampling types across the five sampling trips. D= 
day, N=night. 

      Number of Replicates   

Trip No. Site Sampling Dates SNE D SNE N Drift D Drift N Trawl D Light Trap  Total 

1 DRDR 30 Ap-1 May 10 0 3 3 6 10 32 

2 CLDR  11 - 14 June 20 10 3 3 3 0 39 

2 OODR 11 - 14 June 17 10 3 3 3 0 36 

2 DRDR 11 - 14 June 10 10 3 3 6 10 42 

3 DRDR 22-23 July 10 10 3 3 6 10 42 

4 DRDR 09 -10 Sept 10 10 3 3 6 10 42 

5 CLDR  28-31 Oct 15 10 0 0 3 0 28 

5 OODR 28-31 Oct 15 10 3 3 3 0 34 

5 DRDR 28-31 Oct 15 10 3 3 6 10 47 

    TOTAL 122 80 24 24 42 50 342 

 

2.3.2 Habitat characteristics 

 

Variability at the habitat scale was determined by recording a range of habitat 

characteristics, environmental data and water quality measurements for each 

slackwater replicate at the three sites, in the early (June) and late (October) dry 

season. Water quality was recorded during the day and night with measurements of 

pH, conductivity (µS.cmˉ¹), dissolved oxygen (mg.Lˉ¹), dissolved oxygen 

concentration (%) , temperature (⁰C), salinity (pss), and turbidity (NTU) taken using 

a Horiba™ U10 Water Quality Checker (Horiba Ltd., Japan). All other measurements 

were only recorded during the day. Water flow was defined as still or slow based on 
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direct observation. Depth was measured randomly at one location within the 

habitat using a graduated measuring pole and recorded in centimetres. The width 

(at the widest point of the slackwater) and the total length of each habitat were 

measured using a viewfinder, and the total width of the stream at the location of 

each replicate was also recorded using the viewfinder. The viewfinder is a portable 

hand-held measurement device that allows the user to measure the distance to a 

target by selecting it through the viewfinder, with the distance measured in metres 

via the use of a high speed clock to count the time lapse between the transmission 

and reception of light pulses. The amount of sunlight on each habitat was measured 

using a lux metre and the slope of the bank was calculated using a phone 

application, seeLevel. The shape of the slackwater was described as either 

constricted, open or semi-circle (Figure 2.7; 2.8), with an effort made to include a 

variety of slackwater habitat shapes for comparison; however, the presence of 

constricted slackwaters (also known as backwaters) was limited at all three river 

reaches.  

 

 

 
 
 
Figure 2.7.  Schematic of the three different shapes of slackwater habitat types sampled. 
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In-stream habitat features such as the percentage of wood, roots, submerged 

vegetation, rock and open water were estimated visually as a percentage of the 

total habitat. Substratum type was visually assessed as being clay, sand, bedrock, 

gravel or silt, or a combination of these types. The presence of leaf litter on the 

surface of the water was recorded as a percentage of the total habitat. The amount 

of undercut bank was recorded as a percentage of the total length of the habitat 

bank. Overhanging vegetation included vegetation that provided shade for the 

habitat, such as vegetation growing along the bank and overhanging trees. The 

amount of cover this vegetation provided was visually assessed and recorded as a 

percentage of the total habitat. The presence and number of seeps at each sampled 

habitat was recorded as the Daly River is perennial with groundwater discharge in 

the form of springs and seeps (Fig 2.8c). 

 
 

 
Figure 2.8.  Range of habitat types showing: (a) open shape habitat – complex littoral, (b) open shape 
habitat – simple structure, (c) semi-circle shape habitat – with seep and steep, sandy levee bank, and 
(d) constricted habitat. 

 
 
 

a b

c d
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2.4 Preservation and laboratory methods 

 
Captured fish that could be confidently identified and were greater than 5 cm in 

total length were measured (standard length to nearest mm), and immediately 

released into the water. The rest of the sample (including detritus, fish eggs and 

larvae and invertebrates) was placed in an overdose of clove oil (at least 6 drops per 

1 litre) for 5 minutes. This euthanizes any fish present in the sample, which are then 

preserved in sampling jars containing 95 % ethanol. If a large amount of leaves 

and/or woody debris were present, the sample was placed in a 250 µm sieve; the 

leaves and woody debris were individually rinsed to remove any potential larvae 

and removed from the sample, and the remaining sample kept.  

 

All samples were returned to the laboratory for sorting and identification using a 

dissecting microscope. Each sample was placed in a 250 µm sieve and rinsed with 

water. Adult and juvenile fish were held with forceps over the sieve, rinsed 

thoroughly with water, and placed in ethanol in a labelled specimen jar. The sample 

was examined under the microscope using a water-filled channelled glass 

receptacle, and/or a large petri dish if the sample contained filamentous algae and 

leaf litter. 

 

Adult and juvenile fish were identified to species level using published descriptions 

and keys (Allen & Burgess 1990; Allen et al. 2002; Pusey et al. 2004). The standard 

length of each fish was measured to the nearest 0.1 mm with vernier callipers. 

Specimens were classified as juveniles based on the presence of the full 

complement and position of adult characters such as scales, fins, rays and spines, 

evidence of segmentation of soft rays, and the absence of fin folds (Kelso & 

Rutherford 1996; Serafini & Humphries 2004). Segmentation of soft rays for some 

species, such as Toxotes chatareus and Glossamia aprion, were not apparent in 

juvenile fish, and in this case either published sources of size at transition from larva 

to juvenile were sourced (Appendix 1) or the presence of other defining 

characteristics mentioned previously were used. Fish were categorised as adult 
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based on information on minimum size-at-maturity estimates for each species from 

published sources (if available) (Appendix 1).  

  

Larvae were examined under a dissecting microscope and categorised to larval 

developmental stage as protolarvae, flexion, post flexion or metalarvae in 

accordance with Kelso &Rutherford (1996) and Serafini & Humphries (2004) (Table 

2.2). The transition from larva to juvenile was delineated by the acquisition of the 

adult complement of segmented rays on all fins and the loss of the pre-anal fin fold 

(Humphries et al. 2002). The standard length (SL) of larvae was measured to the 

nearest 10 µm using an ocular micrometer. In protolarvae and flexion 

developmental stages, SL was measured as the distance between the snout and tip 

of the notochord, and in all other stages as the distance between the snout and the 

posterior margin of the hypural plates (Close et al. 2005).  

 
Table 2.2.  Definitions used to define larval developmental stage. Source: Kelso & Rutherford (1996); 
Serafini & Humphries (2004). 
 

Stage Developmental description 

Protolarvae No curvature of the notochord in the caudal fin ; prominent fin fold 
present on dorsal and ventral surface, with no median fin rays or 
spines ( dorsal, anal and caudal) 
 

Flexion Curvature of the notochord present ; appearance of distinct , but 
incomplete, complement of median fin rays; fin fold still 
predominant 
 

Post-
flexion 

Adult complement of principle and soft rays in median fins; fin fold 
greatly reduced; notochord flexion complete with hypural plates 
evident within caudal fin 
 

Metalarvae Adult complement of principle and soft rays in median fins; 
presence of pelvic fin buds for species with pelvic fins in adults; 
residual fin fold may be present 
 

 
 
Larvae were identified using published descriptions where available (Ivantsoff et al. 

1988; Bishop et al. 2001; Pusey et al. 2004; Close et al. 2005: Simon et al. 2012), 

however, descriptions of early life stages of tropical freshwater fish is lacking for 
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most species. To aid identification of unknown early life stages a developmental 

series from a positively identified juvenile to the smallest collected larva was 

assembled for each species collected ( where possible) by using general 

morphology, number of myomeres, pigment patterns and fin meristics (Close et al. 

2005). Identification of some species was also confirmed by comparing the fin 

meristics and myomeres count of late larval stages and juveniles collected during 

the study with a description of adults in the literature. In addition, protolarvae of 

known species in aquarium conditions (bred and hatched in isolated tanks) enabled 

larvae of Melanotaenia australis, Melanotaenia nigrans and Craterocephalus 

stercusmuscarum at protolarvae stage to be used as a reference. 

 

Photographs of successive stages in larval development for different species (if 

available) were taken with a Leica camera (model DFC295) connected to a 

dissecting microscope. These were used as a reference and photos of the 

developmental stages of species that were identified in this study have been 

included in the appendix (Appendix 2). 

 

2.5 Data analysis 

 

The fish assemblage was characterised using three descriptors: total abundance, 

species richness, and assemblage composition. Total abundance was calculated as 

the sum of all species within a given replicate. Species richness was recorded as the 

total number of species occurring in each replicate. Assemblage composition was 

defined as the abundance of each species recorded for each replicate. 

 

Fish data was analysed separately as larvae and juveniles to explore any differences 

in abundance, species richness and assemblage composition across developmental 

stages. Catch data was initially analysed using Microsoft Excel 2010 pivot tables to 

provide comparisons of relative species abundance across sampling dates and sites, 

to compare night and day relative species abundance across trips and sites, and to 

also provide information on catch for different gear types. Relative mean 
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abundance and standard error for the different variables were analysed and charted 

as interval plots using Minitab 17 software. 

 

Environmental data was initially analysed using Minitab 17 software. Water quality 

data was charted as interval plots of mean values and standard error for trip, time 

(early/late dry season) and site. For spatial data, habitat characteristics that were 

measured as a percentage of total habitat (in-stream and cover) were plotted as 

percent frequency distributions using the categories: absent (0%), present (<5%), 

sparse (5-25%), medium (25-50%) and dense (>50%). 

 

Prior to further analysis the environmental variables and fish data were tested for 

normality and homogeneity of variance to determine whether they met the 

assumptions of ANOVA. This was done by examining boxplots and plots of means 

versus variances. As is common with larval fish data, zero catches dominated the 

dataset. Low densities of fish were captured using trawl and drift nets, and larval 

fish were absent from the majority of replicates during the early dry season trips. 

Trawl and drift net replicates were included in descriptions of raw data, but 

excluded from further statistical analysis. A high abundance of Ambassis species at 

juvenile stage (n=138) were collected during Trip 1 using the light traps, before an 

adjustment was made to narrow the slits to reduce the number of juveniles and 

potential predation of larvae in traps. As this would skew the results, light traps 

were also excluded from quantitative statistical analysis. Fish and environmental 

data was square root transformed to prevent highly abundant species or variables 

from influencing the similarity measure (Clarke & Gorley 2006), and statistical 

analyses was performed using the Primer package v6 with PERMANOVA add-on 

(Primer-E Ltd., Plymouth, UK). 

 

Variability in community assemblage between trips, sites and day/night were 

examined using non-metric multidimensional scaling (NMDS) ordination. NMDS 

represents the samples as points in low-dimensional space as measured by the 

resemblance matrix, and is a way of visualising the level of similarity of samples. 

Points close together represent similar samples and those far apart correspond to 
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very different values of the variable set (Clarke & Gorley 2006). Vectors for fish 

species that correlated > 0.5 with the NMDS were superimposed onto the 

ordination plot to visualise the strength of correlation with the factors (i.e. trip, 

day/night, site). 

 

As few variables met the assumptions for normality and homogeneity of variance, 

transformed data were analysed using permutational multivariate analysis of 

variance (PERMANOVA) both for univariate and multivariate data (Anderson et al. 

2008). PERMANOVA is used for testing the simultaneous response of one or more 

variables to one or more factors in an analysis of variance experimental design on 

the basis of a resemblance measure, and uses permutation methods to test for 

significance (Anderson et al. 2008). The Bray-Curtis similarly measure (+ dummy 

variable) was used to analyse fish assemblage data, and the Euclidean distance 

resemblance measure was used to analyse individual variables (i.e. species richness, 

individual fish species, and water quality variables). PERMANOVA seeks to find out if 

between-group variation explains a significant proportion of the total variation in 

the system as a whole (Clarke & Gorley 2006). To investigate temporal variability, 

PERMANOVA was used to determine whether there were significant differences 

between (1) the five trips conducted across the dry season and (2) day and night in 

relation to fish assemblage, abundance (total abundance and individual species 

abundance) and species richness. Temporal variability of SNE fish data was analysed 

using a two-way design, with ‘trip’ and ‘day/night’ as fixed factors. Temporal 

variability for light trap fish data was analysed separately using a one-way design 

with ‘trip’ as the fixed factor.  

 

To investigate spatial variability, PERMANOVA was used to determine whether 

there were significant differences between (1) the three river reaches, ‘site’ (2) 

early and late dry season, ‘trip’, and (3) night and day in relation to fish assemblage, 

abundance and species richness, and water quality variables. Spatial variability of 

fish and water quality data was analysed using a three-way design with ‘site’, 

‘day/night’ and ‘trip’ (early/late dry season) as fixed factors. Unrestricted 

permutations of data were performed for all analyses, with 999 permutations for 
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the test, to detect differences at α =0.05 (Anderson 2001). When PERMANOVA 

indicated a significant effect, post-hoc comparisons were made using PERMANOVA 

pair-wise tests. 

 

For fish data, significant PERMANOVA interactions between factors were explored 

using canonical analysis of principle coordinates (CAP). CAP finds axes through the 

multivariate cloud of points that is best at separating pre-defined groups. Rather 

than testing for group differences, CAP characterises these differences (Clarke & 

Gorley 2006). Unlike PERMANOVA or distance-based linear model (DISTLM) 

analysis, CAP takes into account the correlation structure among the variables, 

using constrained ordination (Clarke & Gorley 2006). 

 

Differences in environmental variables between sites and time were explored using 

Principle Components Analysis (PCA). PCA takes the cloud of data points and rotates 

it so that the maximum variability is visible. It allows the use of variables which are 

not measured in the same units, and uses orthogonal transformation to convert a 

set of observations that could be correlated variables into a set of linearly 

uncorrelated variables called principle components. The eigenvalue gives 

information on how much variance there is in the line in that direction (Clarke & 

Gorley 2006).  PCA was performed on square root transformed environmental data, 

where all variables were normalised before analysis. 

 

To examine whether larval and juvenile fish were associated with particular habitat 

and environmental characteristics in the sampled slackwaters, the relationship 

between the fish samples collected (using the derived resemblance matrix) and the  

environmental variables, the distance based linear model (DISTLM) procedure in 

PRIMER was used. DISTLM provides quantitative measures and tests of the variation 

explained by one or more predictor variables (Clarke and Gorley 2006). DISTLM 

analysis to environmental variables was performed on all individual species that 

were relatively abundant, total abundance, species richness and the assemblage.  

Results from DISTLM were used to assess the relative importance of water quality 

and habitat characteristics in explaining the variance in fish assemblages. 
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CHAPTER 3 RESULTS 

3.1 Hydrology 

Flow discharge recorded at Mt. Nancar for 2013 followed the marked hydrological 

seasonality typical of the normal wet-dry season patterns for this region. Higher 

flows were recorded from January – April during the wet season, and then a sharp 

reduction in flow occurred in May at the beginning of the dry season, which 

continued without much variability throughout the dry season and leading into the 

monsoon period (June – December)(Fig. 3.1a & 3.1b). The late onset of the 

monsoonal season in 2013 resulted in the monthly flow being lower than the long-

term average discharge for February and March, but higher during April, while dry 

season flows were very similar to the long-term average (Fig. 3.1a).  

 

 

Figure 3.1.  Mean discharge at Mt. Nancar ( G8140040) , on the Daly River showing (a) comparison of 
2013 mean monthly discharge with historical  discharge ± SE  ( 1967 onward) , and (b) total  daily  
discharge for the 2013 dry season sampling months. Red arrows indicate field sampling dates. Data 
sourced from Department of Land Resource Management (NT Government). 

30

40

50

60

70

80

90

100

110

120

130

140

0

200

400

600

800

1000

1200

1400

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Historical

2013

May                       June                           July                      August               September         October

Fl
o

w
 D

is
ch

ar
ge

 m
³/

se
c

Fl
o

w
 D

is
ch

ar
ge

 m
³/

se
c

Sampling Months 2013

(a)

(b)



47 
 

3.2 Overview of occurrence, composition and abundance of early life 

stages  

3.2.1 Catch summary 

A total of 2,439 fish were collected at the three sites throughout the sampling 

period, comprising 1628 larvae, 484 juveniles and 327 adults (Table 3.1).  Eleven 

species were collected as larvae, 24 as juveniles and 14 as adults. Of these, ten 

species were collected as both larvae and juveniles, and seven species were 

collected across the three life stages. Overall, a total of twenty six species were 

collected across all life stages (Table 3.1). In addition, three species that were 

collected as larvae were unable to be positively identified, and 98 individual larval 

specimens were too damaged to determine their species.   

 

Different species dominated the total catch for the various developmental stages, 

with Melanotaenia australis and Craterocephalus stercusmuscarum the only two 

species consistently present in abundant numbers (n>20) across all stages (Table 

3.1). Small bodied species, Craterocephalus stramineus, C. stercusmuscarum, M. 

australis, and Hypseleotris compressa, dominated the larval catch.  Ambassis 

species, M. australis, and Toxotes chatareus dominated the juvenile catch, and 58 % 

of the adult catch was M. australis (Table 3.1).  The total abundance of many 

species varied across the early life stages, for example both of the hardyhead 

species (C. stercusmuscarum and C. stramineus) were collected in much larger 

numbers as larvae (n=1384) relative to juveniles (n=57), and Ambassis species were 

more abundant as juveniles (n=172) relative to larvae (n=17) (Table 3.1). 
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Table 3.1.  Species list with raw numbers of fish collected at different developmental stages and collection methods. L= larvae, J= juvenile, A = adult. 

Species Name Common Name CODE L J A   TOTAL  Drift Light  SNE Trawl 

Melanotaenia australis Western rainbowfish MEAU 68 51 190  309  5 19 285 0 

Melanotaenia nigrans Black-banded rainbowfish MENI 5 0 4  9  0 2 7 0 

Craterocephalus stramineus Strawman Hardyhead CRSTR  1253 18 16  1287  6 54 1223 4 

Craterocephalus stercusmuscarum Fly-specked hardyhead CRST 131  39 32  202  1 21 180 0 

Ambassis interrupta Long-spined glassfish AMIN 0 0 24  24  0 1 23 0 

Ambassis species(x2) Glassfish species Amsp 17 172 41  230  38 166 26 0 

Lates calcarifer Barramundi LACA 0 2 0  2  0 0 2 0 

Glossamia aprion Mouth almighty GLAP 9 41 7  57  7 2 48 0 

Amniataba percoides Barred grunter AMPE 0 25 2  27  0 0 27 0 

Hephaestus fuliginosus  Sooty grunter HEFU 0 2 0  2  0 0 2 0 

Leiopotherapon unicolor Spangled perch LEUN 0 12 0  12  0 0 12 0 

Hypseleotris compressa  Empire gudgeon HYCO 33 19 0  52  0 20 32 0 

Mogurnda mogurnda  Northern trout gudgeon MOMO 0 2 1  3  0 0 3 0 

Oxyeleotris lineolatus  Sleepy cod OXLI 2 6 0  8  2 0 6 0 

Oxyeleotris selheimi  Giant Gudgeon OXSE 0 8 0  8  0 0 8 0 

Glossogobius aureus Golden goby GLAU 0 4 3  7  0 0 7 0 

Toxotes chatareus  Archerfish TOCH 0 65 1  66  1 5 60 0 

Liza alata  Diamond Mullet LIAL 0 1 0  1  0 0 1 0 

Leptachirus triramus Freshwater sole LETR 0 6 3  9  0 0 9 0 

Nematalosa erebi Bony bream NEER 2 2 3  7  2 0 5 0 

Arramphus sclerolepsis Snub-nosed garfish ARSC 0 4 0  4  0 0 4 0 

Strongylura kreffti  Freshwater longtom STKR 2 2 0  4  0 0 4 0 

Zenarchopterus caudovittatus Long-jawed river garfish ZECA 0 1 0  1  0 0 1 0 

Ophisternon gutturale Swamp eel OPGU 0 1 0  1  1 0 0 0 

Neoarius graeffei  Blue catfish NEGR 0 1 0  1  0 0 1 0 

Unidentified species (x3) Unid sp UNID 8 0 0  8  5 0 3 0 

 Damaged   98 0 0  98  8 25 64 1 

  TOTAL   1628 484 327       76 315 2043 5 
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3.2.2 Comparison of gear types 

Total abundance differed among gear types (Figure 3.2), with the SNE sampling 

method collecting the vast majority (82%) of fish in the larval and juvenile stages, 

followed by light traps (13.4 %), drift nets (3.6%) and trawl nets (0.2 %).  Larvae 

dominated the total SNE catch, and there was little difference for total SNE catch 

between juveniles and adults. Seven species at the larval stage were found drifting 

in the mid-channel (Table 3.1), although abundance was low for most (Ambassis sp. 

(n=16), M. australis (n=5), C. stramineus (n=5), C. stercusmuscarum (n=1), 

Glossamia aprion (n=1), Oxyeleotris lineolatus (n=2) and Nematalosa erebi (n=1)). 

However, O. lineolatus and N. erebi as larvae and Ophisternon gutturale at juvenile 

stage were collected exclusively in the mid-channel drifting environment. Trawl nets 

were ineffective, only capturing a small number of larvae (n=5). 

 

 

 

 

Figure 3.2.  Mean raw abundance (± SE) of total larvae, juveniles and adults collected with the four 
different gear types.        = larvae,        = juveniles,        = adults.  Note: light trap data from Trip 1 has 
been excluded from this analysis (see methods for further explanation) 
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3.2.3 Spawning occurrence 

A total of 20 identified species (plus 3 unidentified species) were found to spawn 

during the dry season (Table 3.1 & Fig. 3.3). Four species spawned throughout the 

whole dry season (C. stramineus, C. stercusmuscarum, M. australis and G. aprion), 

and five species were only collected in the early dry season (Zenarchopterus 

caudovittatus, Leiopotherapon unicolor, Oxyeleotris selheimi, N. erebi and 

Leptachirus triramus), but in low abundance.  

 

 

Figure 3.3.  Estimated spawning calendar for all species collected as larvae and juveniles using all 
methods, and all sites. Black bar indicates larval collection (therefore spawning has occurred in 
recent days), and grey bar indicates where spawning is estimated to occur based on capture of 
juveniles. In this latter case, their estimated spawning time is based on their collection time, 
standard length and estimated growth rate from sourced references (Appendix 1). 
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3.3 Temporal variability of fish early life stages  

3.3.1 Environmental variables 

All water quality variables differed significantly across trips, although the patterns 

varied among parameters (Table 3.2; Figure 3.4). Mean water temperature across 

trips reflected the variation in water temperatures typical of  dry season air 

temperature patterns, with a decline in water temperature until the mid- dry 

season (July) and then steadily increasing water temperatures leading into the 

monsoonal period towards the end of the dry season (Figure 3.4b). There was a 

significant interaction effect between trip and day/night for water temperature, as 

water temperature showed little variability between day and night in the early dry 

season, and was higher during the day compared to the night at the end of the dry 

season. There were consistent increases in pH throughout the dry season (Figure 

3.4 a) with significant differences between all trips (Table 3.2), while conductivity 

was lowest at the beginning of the dry season, with little variability over the 

remainder of the dry season (Figure 3.4d). Dissolved oxygen was variable between 

trips within a narrow range (Figure 3.4c), and significant day/night effects (Table 

3.2) were caused by higher dissolved oxygen levels during the day than compared 

to night. Turbidity was at its highest level at the beginning of the dry season when 

discharge was also at its highest for the dry season, and then quickly decreased and 

remained at similar levels throughout the remaining sampling trips (Figure 3.4e). 
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Figure 3.4.  Mean values ± SE across trips for water quality variables (a) pH, (b) water temperature, 
(c) dissolved oxygen, (d) conductivity, and (e) turbidity. Note pH value missing for Trip 3 due to faulty 
equipment, NS = not sampled. 

 
Table 3.2.  Two-way univariate PERMANOVA results for individual water quality variables, testing for 
differences between trips, and day/ night. Bold text indicates significant value 

    pH Temperature DO Conductivity Turbidity 

Source of variation df MS p MS p MS p MS p MS P 

Trip 4 2.97-2 0.001 0.88984 0.001 7.01-2 0.001 2.74-2 0.001 8.9051 0.001 

Day/Night 1 1.67-5 0.121 3.55-3 0.002 1.86-2 0.006 1.17-5 0.483 0.3067 0.073 

Trip x Day/Night 3 5.86-6 0.465 3.51-3 0.001 6.23-3 0.055 2.21-5 0.391 0.10371 0.374 

Residual 86 6.78-6   2.94-4   2.32-3   2.17-5   9.81-2   

 

3.3.2 Catch summary 

A total of 286 larvae and 381 juveniles, representing 22 species, were collected 

using all methods at the DRDR site across the five trips (Table 3.3). In addition, one 

species collected as a protolarvae remains unidentified, and is excluded from 

analyses due to low abundance (n=2). Nine species were collected as larvae and 20 

as juveniles, with eight species collected as both larvae and juveniles (Table 3.3).  

SNE and light traps collected the majority of larvae (n=256) and juveniles (n=356).   
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Table 3.3.  Species list with total raw numbers of larvae and juveniles collected at DRDR sites using 
SNE, light traps and drift nets, across five trips 
 

    Trip   

Species List Stage 
1 

May 
2 

June 
3 

July 
4 

Sept. 
5 

Oct. Total 

Melanotaenia australis L 10 1 1 3 4 19 

  J 32 3 0 2 2 39 

Melanotaenia nigrans L 0 0 0 2 0 2 

  J 0 0 0 0 0 0 

C. stercusmuscarum L 0 1 0 15 25 41 

  J 1 1 2 4 5 13 

C. stramineus L 2 1 0 49 115 167 

  J 0 1 0 3 3 7 

Ambassis species (x2) L 17 0 0 0 0 17 

  J 155 12 0 1 2 170 

Glossamia aprion L 0 0 0 3 1 4 

  J 0 2 1 4 5 12 

Amniataba percoides L 0 0 0 0 0 0 

  J 0 6 1 9 9 25 

Hephaestus fuliginosus  L 0 0 0 0 0 0 

  J 0 0 0 0 1 1 

Leiopotherapon unicolor L 0 0 0 0 0 0 

  J 0 5 3 1 2 11 

Hypseleotris compressa  L 0 1 13 19 0 33 

  J 0 0 4 6 9 19 

Oxyeleotris lineolatus L 2 0 0 0 0 2 

  J 0 0 0 2 0 2 

Oxyeleotris selheimi  L 0 0 0 0 0 0 

  J 0 0 0 0 1 1 

Glossogobius aureus L 0 0 0 0 0 0 

  J 0 1 2 1 0 4 

Toxotes chatareus L 0 0 0 0 0 0 

  J 14 18 9 11 11 63 

Leptachirus triramus L 0 0 0 0 0 0 

  J 0 0 0 2 4 6 

Nematalosa erebi L 1 0 0 0 0 1 

  J 0 1 0 1 0 2 

Arramphus sclerolepsis L 0 0 0 0 0 0 

  J 0 0 0 0 2 2 

Strongylura kreffti  L 0 0 0 0 0 0 

  J 0 0 0 0 1 1 

Ophisternon gutturale L 0 0 0 0 0 0 

  J 0 0 0 0 1 1 

Neoarius graeffei L 0 0 0 0 0 0 

  J 0 0 0 0 1 1 

Lates calcarifer L 0 0 0 0 0 0 

  J 0 0 1 0 0 1 

Total number of  L 5 4 2 6 4 9 

species  J 4 10 8 13 16 20 

Total number of  L 32 4 14 91 145 286 

individuals J 202 50 23 47 59 381 
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3.3.3 Larval temporal variability 

Total larval abundance was low at the beginning of the dry season (June), and 

increased towards the end of the dry season (Table 3.3; Figure 3.8a). Melanotaenia 

australis dominated the early dry season sampling trips (although the total catch 

was low), H. compressa the mid-dry season and C. stramineus the late dry season 

trips (Figure 3.5).  

 

 

Figure 3.5.  Temporal comparison of community composition for the most abundant species 
collected using the SNE and light traps, shown as a percentage of total abundance. Numbers above 
column depict total number of individuals captured for each trip. 

 

Results of SNE data analysis show that the larval fish assemblage varied significantly 

with the interaction of day/night*trip, and trip and day/night as single factors 

(Table 3.4, Figure 3.6). PERMANOVA pair-wise tests showed there were no 

significant differences in the larval community between trips for the day, but there 

were significant differences in night for Trips 2 and 4 (t=3.3111, p=0.004), 2 and 5 

(t=4.4436, p=0.003), 3 and 4 (t=4.0851, p=0.004), and 3 and 5 (t=5.427, p=0.007). 

Further exploration with CAP showed that the variability is mainly due to the effect 

of night during the end of the dry season (Trips 4 and 5) (Figure 3.7b). 
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Species richness varied significantly among trips, being lowest mid-dry season (July), 

and among the interaction of day/night*trip due to more species being collected at 

night in Trips 4 and 5, with PERMANOVA pair-wise tests showing that there were 

significant night differences between Trips 2 and 5 (t=3.2863, p=0.015), 3 and 4 

(t=3.498, p=0.003) and 3 and 5 (t=4.5826, p=0.001).    

 

 

Figure 3.6.  NMDS ordination showing (a) temporal separation across the dry season (trip), and (b) 
diel separation for the larval community (stress = 0.18). Vectors plotted for species showing >0.5 
correlations with MDS axes. See Table 3.1 for species codes. 
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Figure 3.7.  (a) NMDS ordination (stress = 0.06), and (b) CAP for Trip x Day/Night interaction for 
temporal variation in larval fish community. Vectors are plotted for species with correlations > 0.5. 
See Table 3.1 for species codes. 
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Table 3.4. Two-way PERMANOVA results for larval assemblage (multivariate) and species richness 
(univariate) for differences among trips, and day /night (SNE Data). Bold text indicates significant 
value. 
 

    Larval assemblage Species Richness 

Source of 
variation 

df MS p 
     MS p 

Trip 4 2956.7 0.001 1.9983 0.001 

Day/Night 1 6820.9 0.001 5.9362 0.001 

Trip x Day/Night 3 2324.2 0.002 2.4587 0.001 

Residual  86 440.51   0.33992   

 

The day/night pattern between trips significantly differed for total larval 

abundance, and both hardyhead species (C. stramineus and C. stercusmuscarum) 

(Table 3.5), with generally more hardyhead larvae being collected at night, although 

not consistently, as some earlier trips yielded no catch (Figure 3.7; Figure 3.8). 

There were no statistically significant effects for M. australis and H. compressa 

(Table 3.5). 

 

 
Table 3.5.  Two-way univariate PERMANOVA results for differences among trips, and day/night for 
(a) individual species, and (b) total abundance (SNE data). Bold text indicates significant value. 
 

    M. australis C. stramineus C. stercusmuscarum H. compressa Total abundance 
Source of 
variation 

df MS p MS p MS p MS p MS P 

Trip 4 0.05674 0.327 5.5694 0.001 0.47563 0.023 0.15739 0.533 2302.5 0.001 

Day/Night 1 0.02319 0.513 10.705 0.001 2.5357 0.002 0.06151 0.573 5260.1 0.001 

Trip x Day/Night 3 0.01111 0.914 3.6119 0.001 0.63383 0.015 0.39795 0.112 2859.9 0.001 

Residual 86 0.05271   0.59032   0.16792   0.19186   331.36   
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Figure 3.8.  Mean abundance ± SE showing diel variation across all dry season sampling trips (1-5) at 
DRDR for (a) total larvae, (b) M. australis, (c) C. stercusmuscarum, (d) C. stramineus, and (e) H. 
compressa, for SNE method.  Note scale varies. NS = not sampled, D= day, N= night. 
 

Most larvae collected were in the protolarvae stage (n=195), followed by 
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dry season, indicating an earlier spawning event, and then as protolarvae in small 

numbers for the remainder of the dry season (Figure 3.9 a). H. compressa were 
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drift nets, as metalarvae along with juveniles (n= 155), indicating a slightly earlier 

spawning event for this species (Table 3.3).  

 

 

Figure 3.9.  Mean abundance ± SE comparing stages of development across trips 1-5 at DRDR for 
light trap and SNE data, for the four most abundant species: (a) M. australis, (b) C. stercusmuscarum, 
(c) C. stramineus, and (d) H. compressa.  Protolarvae =        , flexion =       , post-flexion =        , and 
metalarvae =      . Note scale varies. 

 

DISTLM analysis of individual species as larvae showed that environmental variables 

pH, conductivity, dissolved oxygen %, and turbidity were attributable for 31 % of 

the variance for C. stramineus, but there was little power in explaining 

environmental variation among sampling trips for other species. 
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3.3.4 Juvenile temporal variability 

Juvenile abundance was highest at the beginning of the dry season, due to the high 

abundance of Ambassis species (n=155), and was then lowest in the mid-dry (n=23) 

before increasing and staying consistent throughout the late dry season (Table 3.3).  

The juvenile fish assemblage (SNE data) showed some temporal variability across 

the dry season (Figure 3.10a), with PERMANOVA pair-wise tests showing there were 

significant differences between Trip 1 and all other trips. Diel variability was 

significant (Figure 3.10b; Table 3.6) due to most species being collected in higher 

abundance at night (Figure 3.11). Diel variability was also significant for species 

richness across trips (Table 3.6), with more species being collected at night (n=16), 

compared to the day (n=11).    

 

Figure 3.10.  NMDS ordination showing (a) temporal separation across the dry season (trip), and (b) 
diel separation for the juvenile assemblage (stress = 0.18).  
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Table 3.6.  Two-way PERMANOVA results for juvenile assemblage (multivariate) and species richness 
(univariate) for differences among trips, and day/night. Bold text indicates significant value. 
 

    Juvenile assemblage Species richness 

Source of 
variation 

df MS p MS p 

Trip 4 1974.1 0.007 1.8385 0.088 

Day/Night 1 22228 0.001 43.375 0.001 

Trip x Day/Night 3 709.76 0.811 1.2032 0.248 

Residual  86 1013.2   0.8469   

 

The abundance of Leiopotherapon unicolor varied significantly with the interaction 

of trip*day/night (Table 3.7), with generally higher abundances of juveniles 

captured at night than day for all trips, except for Trip 4 when day catches were 

higher (Figure 3.11).Temporal variability for individual species was also significant 

for M. australis, which were present at the beginning of the dry season, and then 

either absent or in low abundance for all other trips (Table 3.7; Figure 3.11). The 

difference between day and night abundances was significant for several individual 

species (Table 3.7) as all had consistently higher night than day abundances across 

trips (except L. unicolor) (Figure 3.11).  Three species, C. stercusmuscarum, 

Ambassis sp., and T. chatareus were collected at night only for Trips 2-5, and no 

species were exclusively collected during the day (Figure 3.11). 
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Table 3.7.  Two-way univariate PERMANOVA results for individual species and total abundance for juveniles for differences among trips and day/ night. Bold text indicates 
significant value. 

 

 

    M. australis C. stramineus C. stercusmuscarum H. compressa Ambassis sp. 

Source of 
variation 

df MS p MS p MS P MS P MS p 

Trip 4 1.9166 0.001 0.0203 0.866 0.0647 0.681 0.1394 0.365 0.0648 0.685 

D/N 1 0.0985 0.516 0.0391 0.414 0.7455 0.006 0.053 0.525 0.3874 0.055 

Trip x D/N 3 0.0208 0.969 0.0719 0.268 0.0623 0.64 0.1338 0.392 0.0609 0.653 

Residual 86 0.2231   0.0532   0.1061   0.1275   0.1023   

            

    G. aprion A. percoides L. unicolor T. chatareus Total abundance 

Source of 
variation 

df MS p MS p MS P MS P MS P 

Trip 4 0.0177 0.895 0.0976 0.851 18.708 0.001 0.5217 0.095 881.79 0.059 

D/N 1 0.0522 0.332 1.1066 0.041 24.523 0.001 15.149 0.001 14267 0.001 

Trip x D/N 3 0.0841 0.275 0.1066 0.752 11.804 0.001 0.2202 0.503 267.29 0.576 

Residual 86 0.0605   0.2455   2.9485   0.2739   377.66   
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Figure 3.11. Mean abundance ± SE showing diel variation across all dry season sampling trips ( 1-5) 
at DRDR for (a) total juveniles, (b) M. australis, (c) C. stercusmuscarum, (d) C. stramineus, (e) 
Ambassis sp., (f) A. percoides, (g) H. compressa, (h) L. unicolor, and (i) T. chatareus for SNE method. 
NS = not sampled. Note scale varies. 
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None of the environmental variables, (i.e. all of the water quality variables and 

measured habitat variables at each sampling location), were found to correlate well 

with the multi-dimensional scaling axes for SNE juvenile ordination. Further 

exploration using DISTLM analysis showed that environmental variables combined 

only explained 20.4 % of the variance for the juvenile assemblage, and no single 

environmental variable explained any more than 2.5 % variance.   

 

3.4 Spatial variability of fish early life stages 

3.4.1 Environmental variables 

Water quality variables varied among sites, day/night and trip (Table 3.8; Figure 

3.12). There was a significant interaction between trip * site for all water quality 

variables (Table 3.8), except for dissolved oxygen at OODR, and conductivity and 

turbidity at DRDR. Mean water temperature was consistently higher among all sites 

in the late dry season, ranging from 26.6 ⁰C in the early dry to 33.3 ⁰C in the late 

dry, and was the highest at OODR on all sampling trips (Figure 3.12a).  Mean water 

temperature decreased at night across all sites, varying from 0.2 ⁰C in the early dry, 

to 0.4 – 1.0 ⁰C in the late dry. Mean pH was consistently lower in the early dry 

season across all sites (Figure 3.12b). Turbidity was higher in the early dry season 

for all sites (Figure 3.12e), most likely due to higher flows at this time, and was most 

turbid on both trips at DRDR (Figure 3.12e). Mean conductivity was higher in the 

late dry for all sites (Figure 3.12d), and mean dissolved oxygen was higher for all 

sites during the early dry (Figure 3.12c).  
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Figure 3.12.  Mean ± SE values for water quality variables at each site for early dry season (June) and 
late dry season (October) showing (a) water temperature, (b) pH, (c) dissolved oxygen, (d) 
conductivity, and (e) turbidity. 
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Table 3.8.  Three- way univariate PERMANOVA results for differences among sites, trips and day/night for water quality variables. Bold text indicates significant value 
 
 

 
  

  PH Temperature DO Conductivity Turbidity 

Source of variation df MS p MS p MS p MS p MS p 

Trip 1 0.23 0.001 8.12 0.001 0.19 0.001 9.08-3 0.001 34.4 0.001 

D/N  1 5.57 -4 0.018 1.58 -2 0.002 6.60-2 0.001 5.95-5 0.13 1.15 0.031 

Site 2 4.34-2 0.001 0.167 0.001 9.77-2 0.001 1.68-2 0.001 27.71 0.001 

Trip x DN 1 2.43 -4 0.102 4.61 -2 0.001 0.131 0.001 3.83-5 0.202 4.64-2 0.659 

Trip x Site 2 1.65 -3 0.001 4.95 -2 0.001 2.83-2 0.007 1.90-3 0.001 4.19 0.001 

D/N x Site 2 2.48-4 0.074 3.60 -3 0.068 0.15 0.001 2.91-6 0.874 1.68 0.005 

Trip x D/N x Site 2 4.97-5 0.56 3.30 -3 0.091 3.82-2 0.003 1.55-5 0.543 1.31-2 0.945 

Residual 140 8.79-5   1.32 -3   5.20-3   2.52-5   0.24   
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Significant interactions between factors (site, trip, day/night) and environmental 

variables were explored using PCA (Figure 3.14). Water temperature and the 

percentage of roots in the habitat were the only two variables with correlations > 

0.5. Vectors for temperature indicate that it is correlated strongly with the late dry 

season at night (Figure 3.13; Figure 3.14).  

 

 

 

Figure 3.13.  Principle component analyses (PCA) showing the pattern of ordination for 
environmental variables, and axis explaining % variation for (a) trip, (b) day/ night, and (c) sites. 
Vectors are plotted for environmental variables with correlations > 0.5 
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Figure 3.14.  PCA showing the pattern of ordination for environmental variables, and axis explaining 
% variation for the interactions (a) site x day /night, (b) trip x site, and (c) trip x day/ night.  Vectors 
are plotted for environmental variables with correlations > 0.5. 

 

 

A number of structural habitat characteristics were different between the three 
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shape, but a small number of closed slackwater were present (and sampled) at 

DRDR (Figure 3.15a). Groundwater seeps on the bank were present at 29 % of the 
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(n=17) and DRDR (n=2) (Figure 3.15b). The substrate type for most of the sampled 

habitats at CLDR and OODR consisted of sand or silt (Figure 3.15c). The habitats 

sampled at DRDR consisted mainly of sand and clay substrate types, and a small 

number of habitats with bedrock and gravel substrate types were also sampled at 

this site (Figure 3.15c).   
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Figure 3.15.  Occurrence of habitat characteristics per site for (a) habitat shape, (b) seep, and (c) 
substrate type, presented as a total percentage. 

 

Habitats with undercut banks were not present at OODR, and were only present in 

small numbers at CLDR (n=6) and DRDR (n=3) sampled habitats. Overhanging 

vegetation was more prevalent at DRDR (Figure 3.16d), but there were less sampled 

habitats with medium to dense submerged vegetation at DRDR compared to the 

other two sites (Figure 3.16c). DRDR had a higher percentage of roots in the 

sampled habitats (Figure 3.16a), but the percentage of in-stream wood was similar 

between sites (Figure 3.16d). 
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Figure 3.16.  Frequency percent distributions of sampled habitat variables for in-stream and cover 
variables at CLDR, OODR and DRDR sites.  Frequency percent (x axis): Absent = 0%, Present = <5%, 
Sparse = 5-25%, Medium = 25-50%, and Dense = >50%. 

3.4.2 Catch summary 

A total of 1,381 larvae and 213 juvenile fish were collected using all methods across 

the three sites (CLDR, DRDR and OODR) over the two trips coinciding with the early 

dry season (June) and the late dry season (October) (Table 3.9). Small- bodied 

opportunistic species such as M. australis (n=54), C. stercusmuscarum (n=116) and 

C. stramineus (n=1198) dominated the larval catch, and T. chatareus (n=31), C. 

stercusmuscarum (n=33), and G. aprion (n=36) were the main species dominating 

the juvenile catch (Table 3.9). 
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Table 3.9.  Species list with total raw numbers of larvae and juveniles collected at Claravale Crossing 
(CLDR), Oolloo Crossing (OODR), and Daly River Crossing (DRDR) for early and late dry season 2013 
using SNE, light traps, and drift nets.  L = larvae, J = juvenile. 

    CLDR   OODR   DRDR   

Species List Stage Early Late   Early Late   Early Late TOTAL 

Melanotaenia australis L 12 13   5 19   1 4 54 
  J 1 1  9 1  3 2 17 
Melanotaenia nigrans L 2 0   0 1   0 0 3 
  J 0 0  0 0  0 0 0 
C. stercusmuscarum L 13 48   10 19   1 25 116 
  J 3 2  9 13  1 5 33 
C. stramineus L 27 486   14 555   1 115 1198 
  J 1 1  8 1  1 3 15 
Ambassis species L 0 0   0 0   0 0 0 
  J 1 1   0 0   12 2 16 
Glossamia aprion L 3 0   1 1   0 1 6 
  J 4 8  2 15  2 5 36 
Amniataba percoides L 0 0   0 0   0 0 0 
  J 0 0  0 0  6 9 15 
Hephaestus fuliginosus  L 0 0   0 0   0 0 0 
  J 1 0  0 0  0 1 2 
L. unicolor L 0 0   0 0   0 0 0 
  J 0 0  1 0  5 2 8 
Hypseleotris compressa  L 0 0   0 0   1 0 1 
  J 0 0  0 0  0 9 9 
Mogurnda mogurnda  L 0 0   0 0   0 0 0 
  J 2 0  0 0  0 0 2 
Oxyeleotris lineolatus  L 0 0   0 0   0 0 0 
  J 0 3  0 1  0 0 4 
Oxyeleotris selheimi  L 0 0   0 0   0 0 0 
  J 3 1  2 1  0 1 8 
Glossogobius aureus L 0 0   0 0   0 0 0 
  J 0 0  0 0  1 0 1 
Toxotes chatareus  L 0 0   0 0   0 0 0 
  J 0 1  1 0  18 11 31 
Leptachirus triramus L 0 0   0 0   0 0 0 
  J 0 0  0 0  0 4 4 
Nematalosa erebi L 1 0   0 0   0 0 1 
  J 0 0  0 0  1 0 1 
Arramphus sclerolepsis L 0 0   0 0   0 0 0 
  J 0 0  0 2  0 2 4 
Strongylura kreffti  L 1 0   0 1   0 0 2 
  J 0 0  0 1  0 1 2 
Ophisternon gutturale L 0 0   0 0   0 0 0 
  J 0 0  0 0  0 1 1 
Neoarius graeffei  L 0 0   0 0   0 0 0 
  J 0 0  0 0  0 1 1 
Lates calcarifer L 0 0   0 0   0 0 0 
  J 1 0  0 0  0 0 1 
Z. caudovittarus L 0 0   0 0   0 0 0 
  J 0 0  1 0  0 0 1 
Liza alata L 0 0   0 0   0 0 0 
  J 1 0  0 0  0 0 1 

Total number of  L 7 3   4 6   4 4 8 
species  J 10 8   8 8   10 16 23 

Total number of  L 59 547   30 596   4 145 1381 
Individuals J 18 18   33 35   50 59 213 
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 3.4.3 Larval spatial variability 

A total of 1,321 larvae were collected using the SNE method across all three sites, 

with the catch being dominated by C. stramineus (n=1194), with lower abundances 

of C. stercusmuscarum (n=115), M.australis (n=54) and G. aprion (n=6) (Figure 3.17). 

Other species collected in lower abundance (n<5) were Melanotaenia nigrans, H. 

compressa, and Strongylura kreffti. Total larval abundance was similar for CLDR 

(n=606) and OODR (n=624), with a lower catch recorded at DRDR (n=91) (Table 3.9).  

Despite differences in abundances the community composition for larvae across 

sites was similar (Figure 3.17). 

 

 

Figure 3.17.  Comparison of community composition across sites, showing most abundant species as 
a percentage of the total (SNE data). Numbers above columns indicate total sum of the four species 
for site. 

Larval fish assemblage showed significant effects for site, trip and day/ night (Table 

3.10; Figure 3.18). There was a significant interaction of trip*day/night (Table 3.10) 

as there was a greater effect at night in the late dry season compared to the early 

dry season (Figure 3.19; Figure 3.20), and this is most likely due to the increased 

spawning of hardyhead species in October (Figure 3.21c & 3.21d). The larval fish 

assemblage was similar between CLDR and OODR sites (Fig 3.18a, PERMANOVA: 

t=1.039, p=0.349), but these two sites both differed from DRDR (PERMANOVA: 

DRDR/OODR: t=3.4293, p =0.001; DRDR/CLDR: t=3.8278, p=0.001).  
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Species richness also varied significantly by day/night, and these differences varied 

between trips as indicated by the significant interaction (Table 3.10). More 

individual species were collected during the early dry season (n=8), compared to the 

late (n=6) (Table 3.9), with day time species richness being higher in the early dry 

season and no diel difference for species richness in the late dry season. Lower 

species richness at DRDR resulted in significant differences between DRDR and the 

other two sites (PERMANOVA:  DRDR/OODR: t=5.0629, p=0.001; DRDR/CLDR: 

t=5.1623, p=0.001).  

 

 
Table 3.10.  Three-way PERMANOVA results for larval assemblage (multivariate) and species richness 
(univariate) for differences among sites, trips, and day/night.  Bold text indicates significant value. 
 

    Larval assemblage Species Richness 

Source of 
variation  df     MS P MS p 

Trip 1 30162 0.001 8.5094 0.001 
Day/Night 1 28190 0.001 8.9376 0.001 
Site 2 6374.3 0.001 4.3101 0.001 
Trip x D/N 1 11968 0.001 1.4321 0.025 
Trip x Site 2 1053.3 0.199 0.30673 0.315 
D/N x Site 2 1058.1 0.225 0.07779 0.758 

Trip x D/N x Site 2 927.78 0.293 0.24635 0.38 
Residual 140 747.44   0.26378   
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Figure 3.18  NMDS ordination showing (a) spatial dispersion of larvae between CLDR, OODR and 
DRDR, (b) seasonal separation of larvae from early dry season trips to late dry season trips, (c) diel 
separation of larvae across all trips (stress = 0.09). Overlaid vectors show species with correlations > 
0.5. MEAU = M. australis, CRSTR = C. stercusmuscarum & CRST = C. stramineus. 
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Figure 3.19.  NMDS ordination showing significant interaction of the early/late dry season with 
day/night for the larval community (stress = 0.09). Overlaid vectors show species with correlations 
> 0.5. CRSTR = C. stramineus. 
 

 

 

 

Figure 3.20.  CAP analyses for the significant interaction of early/late dry season with day/night for 
larval community. CRSTR = C. stramineus. 
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stramineus showed that there were significant differences between DRDR and the 

two other sites, and the effect of night was significant across all trips and sites, but 

day catches were only significantly different across trips for OODR. For C. 

stercusmuscarum there were site differences (Table 3.1), with higher abundances at 

CLDR and OODR (Figure 3.21c) and the significant interaction (Table 3.11)  was due 

to higher night time abundances in the late dry season and no day catches at DRDR 

(Figure 3.21c).   

 

 
Table 3.11.  Three- way univariate PERMANOVA results for differences among sites, trips (early and 
late dry season) and day/night for individual species at larval stage. Bold text indicates significant 
value. 
 

      M. australis 
C. 

stercusmuscarum C. stramineus Total larvae 

Source of 
variation  df     MS p     MS p     MS p     MS  P 

Trip 1 1.8179 
0.01

3 4.136 0.003 
206.6

6 
0.00

1 26270 
0.00

1 

Day/Night 1 1.5569 0.02 8.4388 0.001 
182.2

1 
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1 23934 
0.00

1 

Site 2 1.2051 
0.00

8 2.0586 0.009 31.69 
0.00

1 
6768.
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0.00

1 

Trip x D/N 1 
0.9284

9 
0.06

3 2.2273 0.021 
132.9

7 
0.00

1 10536 
0.00

1 

Trip x Site 2 0.3793 
0.22

8 0.21913 0.636 12.77 
0.00

3 
959.1

6 0.09 

D/N x Site 2 
0.1784

7 
0.51

7 0.18667 0.65 
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0.00
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Figure 3.21.  Mean abundance ± SE for (a) total larvae, (b) M. australis, (c) C. stercusmuscarum, and 
(d) C. stramineus, showing diel variation across late and early dry seasons across three sites, 
Claravale Crossing (CLDR), Oolloo Crossing (OODR) and Daly River Crossing (DRDR). D= day, N=night, 
E= early dry season, L= late dry season. Note scale varies. 
 

DISTLM analysis found 31.9 % of the variance in the larval assemblage could be 

attributed to the measured habitat characteristics within slackwaters, and that this 

was mainly attributable to turbidity (p=0.001), dissolved oxygen (p=0.001), length of 

the habitat (p=0.011) and percent of undercut bank (p=0.039) which, combined, 

explained 23.7 % of the variation. For species richness, environmental variables 

could explain 38.5 % of variability, and, combined, turbidity, dissolved oxygen, the 

length of the habitat and conductivity were significant in explaining 29.3 % of this 

variability. Significant environmental variables varied for Individual species and total 

larvae (Table 3.12). 
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Table 3.12.  DISTLM results for total larvae and larvae of individual species, showing significant 
environmental variables and percentage of larval variability explained by combined significant 
variables and all variables. 
 
 

  Species ( p values) 

Envt. variable 
M. 

australis 
C. 

stercus. 
C. 

stramineus 
Total 

larvae 

Turbidity 0.002  0.001 0.001 

Dissolved oxygen 0.021  0.001 0.001 

% undercut bank  0.001   

Length habitat    0.004 

Combined Total 16.5% 12.1% 27.6% 29.3% 

All variables TOTAL 23.1% 21.4% 33.3% 38.3% 

 

3.4.4 Juvenile spatial variability 

A total of 196 juveniles were collected using the SNE method, with most individuals 

collected at DRDR (n=92), followed by OODR (n=68) and CLDR (n=36) (Table 3.9). A 

total of 22 species were collected at the juvenile stage, with DRDR being highest in 

species richness (n=17), compared to CLDR (n=12) and OODR (n=11), although some 

species were collected in low abundance (Table 3.9). The mean abundance of fish 

species for juveniles varied across sites, with DRDR having a higher mean 

abundance of Ambassis species, Amniataba percoides and T. chatareus, and OODR a 

higher mean abundance of M. australis, C. stramineus, C. stercusmuscarum and G. 

aprion (Figure 3.25). 

 

Community juvenile assemblage varied between trip, day/night, and site, with a 

significant PERMANOVA interaction of day/night*site, and also for trip*site (Figure 

3.22; Table 3.13). Further exploration with CAP for the interaction of day/night*site 

showed that the variability was attributed mainly to night sampling at DRDR (Figure 

3.23). These results are most likely due to higher night-time catches of Ambassis sp., 

A. percoides and T. chatareus at DRDR (Figure 3.25). CAP did not show any obvious 

explanation of trends or grouping for the interaction of trip*site, but PERMANOVA 

pair-wise test results showed that the interaction was due to significant differences 

in juvenile assemblage between the early and dry season trips for OODR, but not 

the other two sites (PERMANOVA pair wise test: CLDR: t=1.2291, p=0.176; OODR: 



80 
 

t=2.224, p=0.002; DRDR: t=1.0025, p=0.411. This is likely due to differences in the 

mean abundance of several individual species for early and late dry season trips for 

the OODR site (Figure 3.25b, 3.25d &3.25f). 

 

Species richness was significantly different between sites and between day and 

night (Table 3.13). The DRDR site was significantly different from CLDR (t=3.413, 

p=0.006) and OODR (t=2.2277, p=0.02), having greater species richness.  Six species 

were common across all three sites (M. australis, C. stercusmuscarum, C. 

stramineus, O. selheimi, T. chatareus), five species were only collected at DRDR ( A. 

percoides, H. compressa, L. triramus, N. erebi, Neoarius graeffei), three exclusively 

at CLDR (Mogurnda mogurnda, Liza alata, Lates calcarifer) and one species was 

collected exclusively at OODR (Z. caudovittarus) ( Table 3.9). There was diel 

variation for species richness as 12 species were collected during the day, and 22 

were collected at night. Ten species were exclusively collected at night.   

 

 

Table 3.13.  Three-way PERMANOVA results for juvenile assemblage (multivariate) and species 
richness (univariate) for differences among trips, sites and day/night. Bold text indicates significant 
value 

    Juvenile assemblage Species richness 

Source of 
variation  df     MS p        MS p 

Trip 1 2649.8 0.006 0.97051 0.096 
Day/Night 1 14654 0.001 16.821 0.001 
Site 2 6422 0.001 1.925 0.006 
Trip x 
Day/Night 1 1406.1 0.091 0.36947 0.288 
Trip x Site 2 1507.4 0.033 0.08402 0.765 

Day/Night x 
Site 2 4194.9 0.001 0.96496 0.054 
Trip x D/N x 
Site 2 597.71 0.705 0.04535 0.867 
Residual 140 780.15   0.3348         
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Figure 3.22 NMDS ordination of the juvenile fish assemblage showing (a) spatial variability between 
CLDR, OODR and DRDR, (b) seasonal variability of early dry season trips to late dry season trips, (c) 
diel separation across all trips and sites ( stress = 0.17).  Vectors plotted for species with correlations 
>0.5. TOCH = T. chatareus. 
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Figure 3.23. CAP for the significant interaction day/night with site for juveniles 

 
 

 

Figure 3.24.  CAP for the significant interaction of early/late dry season with site for juveniles. 
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For individual species there was a significant interaction of site * day/ night for A. 

percoides and T. chatareus (Table 3.14), as both species were very prevalent at 

night, and were collected either exclusively or primarily at DRDR ( Figure 3.25g & 

3.25h). Melanotaenia australis had significant diel differences, but these differences 

varied between trips (Table 3.14), with the early dry season having a significantly 

higher mean abundance at night for M. australis, compared to the day. For G. 

aprion, a significant interaction of trip * site occurred (Table 3.14), with 

PERMANOVA pair-wise tests showing this was due to differences between DRDR 

and the other two sites in the late dry season. All species collected abundantly 

showed significant diel differences (Table 3.14), with higher mean abundances at 

night for all species across all sites (Figure 3.25). In addition, Ambassis species were 

only collected at night (Figure 3.25e).  
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Table 3.14.  Three- way univariate PERMANOVA results for differences among sites, trips (early and late dry season) and day/night for individual species at juvenile stage. 
Bold text indicates significant value. 
 

    M. australis C. stercusmuscarum C stramineus G. aprion A. percoides T. chatareus Total Juveniles 

Source of 
variation 

 df        MS p        MS p MS p        MS p        MS P        MS p MS p 

Trip 1 0.4604 0.025 0.226 0.275 0.1216 0.217 1.4313 0.002 0.0001 0.973 0.0731 0.334 835.07 0.111 

Day/Night 1 0.5784 0.012 2.2808 0.001 0.2812 0.046 1.3027 0.004 0.4038 0.018 4.4555 0.001 17569 0.001 

Site 2 0.2348 0.076 0.531 0.047 0.1859 0.096 0.6381 0.011 0.6664 0.002 3.6192 0.001 2218.3 0.004 
Trip x 
Day/Night 

1 0.3941 0.042 0.3128 0.18 0.0045 0.795 0.5787 0.056 0.0433 0.495 0.1625 0.143 
370.6 0.272 

Trip x Site 2 0.1985 0.124 0.0274 0.853 0.1859 0.093 0.7484 0.006 0.0001 0.996 0.1018 0.275 43.407 0.9 
Day/Night 
x Site 

2 0.2777 0.06 0.299 0.18 0.2115 0.065 0.0164 0.869 0.3863 0.011 3.142 0.001 
1222.2 0.03 

Trip x D/N 
x Site 

2 0.0847 0.423 0.0034 0.98 0.2115 0.056 0.2826 0.146 0.0414 0.662 0.1877 0.077 
136.24 0.674 

Residual 140 0.0923   0.1803         0.0753   0.1469          0.0865           0.0745          338.39   
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Figure 3.25.  Mean abundance ± SE of (a) total juveniles, (b) M. australis, (c) C. stercusmuscarum, (d) 
C. stramineus, (e) Ambassis sp., (f) G. aprion, (g) A. percoides, and (h) T. chatareus at juvenile stage, 
showing diel variation across late and early dry seasons, for the three sites. D= day, N=night, E= early 
dry season, L= late dry season. Note scale varies. 
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DISTLM analysis found that measured environmental variables could explain 27.6 % 

of variability for juvenile assemblage. Turbidity (p=0.001), dissolved oxygen 

(p=0.001), % wood (p=0.002), % of overhanging vegetation (p=0.003), % sub-

merged vegetation (p=0.002), bank slope (p=0.01) and pH (p=0.011) combined 

explained 18.9 % of variability. Environmental variables could explain 29.9 % of 

species richness, with dissolved oxygen (p=0.001), depth of habitat (p=0.034), and % 

of wood in the habitat (p=0.009) combined explaining 16.4 % of variability. There 

were a range of significant environmental variables that explained differences for 

juveniles of individual species and total juveniles (Table 3.15). 

 

Table 3.15.  DISTLM results for juveniles of individual species, showing significant environmental 
variables and percentage of juvenile variability explained by significant variables combined and all 
variables. 
 

      Species ( p values)       

Envt. variable 
M. 

australis 
C. 

stercus. 

C. 
stramineu

s 

G. 
aprion 

T. 
chatareu

s 

A. 
percoides 

Total 
Juv. 

Turbidity 0.017  0.035  0.001 0.001 0.038 

Dissolved 
oxygen  0.004     0.001 

pH     0.032 0.009  

Conductivity 0.039       
% submerged 
veg.  0.004  0.001    
%Overhanging  
veg.  0.008   0.002 0.001 

 

% wood 0.002 0.036     0.008 

% rock   0.006     

Bank slope     0.013   

Width habitat  0.027    0.009  

Depth habitat       0.019 

Width stream   0.02     
Combined 
Total 

13.2% 24.7% 15.6% 10.4% 24.6% 28.8% 20% 

All variables 
TOTAL 

20.9% 31.4% 24.1% 21.9% 28.2% 38.8% 32.1% 
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CHAPTER 4 DISCUSSION  

4.1 Occurrence, composition and abundance of early life stages  

This study demonstrated that the low flow, dry season period is likely to be an 

important period for breeding for many in-channel fish species in tropical rivers. 

Indeed 20 species, from a range of life history strategies and taxonomic groups 

were found spawning during the dry season in the Daly River. This result is 

significant, as previous research in the wet-dry tropics of northern Australia 

indicates that the majority of species concentrate their reproductive effort during 

the wet season (Bishop et al. 2001), with little occurring during the dry season. 

Whilst floods may be important to initiate spawning and/or provide floodplain 

habitats for spawning and recruitment of some species (Welcomme 1985; Junk et 

al. 1989; Harris & Gehrke 1994; Agostinho et al. 2004; Bailly et al. 2008), this study 

demonstrates that not all species require a flow stimulus to spawn in the wet-dry 

tropics.  

Whilst the larval and juvenile fish assemblage varied over the dry season, the small-

bodied opportunistic species (C. stercusmuscarum, C. stramineus, M.australis, 

Ambassis sp.) always dominated the assemblage. The dominance of opportunistic 

species (sensu Winemiller and Rose 1992) in the larval assemblage during the low 

flow period was also reported in a study by Pusey et al. (2002), conducted in the 

wet tropics region of northern Queensland. Pusey et al. (2002) proposed that the 

reduced river discharge and benign low-flow conditions of the dry season may 

contribute to the successful recruitment of many small subtropical fish species 

(Milton & Arthington 1983; 1984; Pusey et al. 2001; 2002), as it is less likely that 

spawning and nursery habitats will be scoured out and that eggs and larvae will be 

physically removed. Opportunistic species may therefore have a recruitment 

advantage over species that only spawn for a brief period, as they have a greater 

chance of encountering optimal conditions related to flow, temperature, and 

resources such as habitat and prey in environments where these conditions vary 

throughout the year (Humphries et al. 2013). The extended breeding seasons of 

most small-bodied opportunistic species in the wet-dry tropics increases the 
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probability that at least some offspring will encounter favourable conditions 

(Winemiller 1989, Humphries et al. 2002; 2013).  

A range of species that could be categorised as having equilibrium life history 

strategies were also spawning during the dry season, although most were only 

collected in small numbers. Many fish species present in the Daly River display some 

degree of parental investment (Appendix 1), which may not be conducive to high 

flows or flows that are relatively unpredictable within and between seasons (Zeug & 

Winemiller 2008). Parental strategies can range from nest-building to buccal 

incubation, to parental fanning and guarding of eggs. Glossamia aprion, for 

example, spawned throughout the dry season and displays a high degree of 

parental investment (buccal incubation) in rearing its young. While little is known of 

the reproductive biology of this species, it has been presumed that low flows would 

be more energy efficient for rearing and would have lower risk for transferring the 

egg mass to the buccal cavity of the male (Pusey et al. 2004). Seven species (of a 

total of 20), that exhibit some form of parental care (buccal incubation, nest-

building, guarding and fanning eggs) were found spawning during the dry season.  

Bishop and Forbes (1991) postulated that this level of parental care in wet-dry 

tropical rivers may have evolved in response to the variable conditions imposed by 

the extreme wet and dry seasons, and that parenting strategies may also be more 

desirable due to the high species diversities and biomass densities of fauna in these 

regions, resulting in increased competition for food and niche parameters.   

Several periodic species also spawned during the dry season (A. percoides, N. erebi 

and L. unicolor), in low abundance and predominately at the beginning of the dry 

season. It seems likely that the main spawning period for these species was during 

the wet season and the wet to dry season transition period, when water levels are 

starting to fall, although wet season sampling would be required to confirm this. 

This is consistent with suggestions that spawning in periodic species generally 

coincides with higher flow periods (Zeug & Winemiller 2008; King et al. 2013). 

 In this study, larvae of opportunistic species were the most abundant, equilibrium 

species were well represented, while lower abundances and richness of periodic 
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species were collected. This supports the hypothesis that specific flow conditions (in 

this case low flows), favour some life history strategies over others (King et al. 

2013). However, this has not received much attention as yet here or in other 

systems (King et al. 2013). This could only be verified by ongoing research to 

investigate inter-annual and intra-annual variability of spawning times and larval 

assemblages.   

4.2 Temporal variability of early life stages 

Larval assemblage structure and larval abundances are widely known to vary 

temporally and are highly dependent on the timing of individual species spawning 

and the length of the larval developmental period (Meredith et al. 2002; Bialetzki et 

al. 2005; King et al. 2013). Whilst there is little information on the spawning times 

of the majority of species in the wet-dry tropics, there is some evidence to suggest 

variability in spawning times at large spatial scales. For example, a comparison of 

this study with Bishop et al.’s (2001) in the Alligator Rivers region suggests that, 

while there was consistency in spawning times for some species (e.g. G. aprion and 

C. stercusmuscarum), the majority of species were apparently spawning at different 

times than in the Alligator Rivers region (Figure 4.1). Several species spawning in the 

Daly River in the dry season either only spawn in the wet season or do not occur at 

all in the Alligator Rivers region. Further, spawning of Melanotaenia species in the 

Wet Tropics peaks during the dry season (Pusey et al. 2001), in the South Alligator 

region they spawn mostly at the onset of the wet season (Bishop et al. 2001), while 

in the Daly River the spawning occurrence in the wet season remains unknown, but 

during the dry season larval abundance was highest at the beginning of the dry 

season (May). Differences in the structure and physical character between rivers 

and regions are important factors in determining the distribution of fish in northern 

Australia (Ward et al. 2011), and therefore the variability in fish assemblages 

between the Daly River and Alligator Rivers may  be driven by the diversity of 

aquatic habitats and forms (e.g. tributaries, floodplains, billabongs, main-channels, 

escarpments) and different flow regimes (e.g. perennial, ephemeral/intermittent) 

found within the different river systems. The apparent temporal variability of 

species present in both river systems requires further investigation. 
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Figure 4.1.   Variability of dry season spawning occurrence of several species in the Daly River (black 
bars), compared with the Alligator Rivers region (grey hatched bars). Spawning times for the Daly 
River based on direct collection of larvae and small juveniles. Spawning times for Alligator Rivers 
region based on a study of the reproductive stage of gonads in adult fish (Bishop et al. 2001). 

 

To maximise resources and suitable conditions fishes can have discrete spawning 

periods aimed at short, targeted periods of suitable conditions; or protracted, 

longer periods of spawning aimed at increasing the chance of encountering suitable 

conditions (Winemiller & Rose 1992). In this study, spawning occurred throughout 

the dry season, with the transition periods (coming from the wet into the dry 

season, or moving from the dry into the wet season) being important spawning 

times for many fish in the Daly River. These transition times have been identified as 

key features of the flow regime in the wet-dry tropics, as they are thought to 

regulate the biophysical heterogeneity, primary productivity and movement of 

biota (Warfe et al. 2011). The wet to dry season transition period is an important 

May June July August Sept Oct

Not recorded ( spawns mid-wet)

Melanotaenia nigrans

Craterocephalus 

stercusmuscarum

Craterocephalus stramineus
Not recorded

Strongylura kreffti
Not recorded ( spawns early wet)

Hypseleotris compressa

Glossamia aprion

Melanotaenia australis
Not recorded 

Nematalosa erebi

Ambassis species ( x2)

Oxyeleotris lineolatus
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time for large scale movement of biota, as rainfall ceases, and flows steadily 

decline. On floodplains with long inundation periods, aquatic plant biomass peaks 

when floodwaters begin to recede (Pettit et al. 2011), aquatic habitats on the 

floodplains contract and may disconnect, and movement to refugial areas occurs for 

some fish species (Bishop et al. 1995). In this study the transition period leading into 

the dry season was an important spawning time for Ambassis species, with an 

abundance of metalarvae and very small juveniles collected during May, with no 

larvae and a very low abundance of juveniles for the remainder of the dry season. 

Juvenile M. australis were also more abundant in May, being present in very small 

numbers throughout the rest of the dry season. It is unknown whether the higher 

abundance of these species in the Daly River in May is associated with movement 

from tributaries or the floodplain to the main channel (a refuge habitat). However, 

movement of Ambassis species and rainbowfish from floodplain waterholes to 

upstream refugial areas does occur at the end of the wet season in the Magela 

Creek system in Kakadu National Park (Bishop et al. 1995), and a similar mechanism 

may be at play in the Daly River. 

The transition period from the dry into the wet season was also an important time 

for fish spawning in the Daly River. This is a time of hydrological re-connection, with 

the sporadic storm run-off events resulting in pulses of organic material, nutrients 

and sediments from the surrounding catchment (Warfe et al. 2011). This 

commencement of flows and reconnection with isolated refugia gives fish an 

opportunity to move into more favourable habitats throughout the river system 

(Warfe et al. 2011).  Water temperature also begins to increase towards the end of 

the dry season, coinciding with monsoonal weather conditions (Warfe et al. 2011). 

The transition period leading into the wet season was an important spawning time 

for small-bodied opportunistic species, such as hardyhead (C. stramineus and C. 

stercusmuscarum). This is also an important time for spawning in the Wet Tropics of 

northern Australia, with larval abundance of many species peaking in October 

(Pusey et al. 2002). Spawning at this time may lead to less mortality, as it allows 

time for growth and development, enabling larvae to better withstand “flushing” 

with transition storm events, or to use these events to actively disperse. Spawning 
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prior to flooding events could also mean an increase in available resources such as 

habitat and food for juveniles throughout the wet season as proposed by the Flood 

Pulse Concept (Junk et al. 1989), although this requires further examination in wet-

dry tropical river systems.  

Larval and juvenile assemblage composition varied substantially throughout the dry 

season period, with different species dominating the assemblages at different 

points in time. The larval assemblage was dominated by M. australis at the 

beginning of the dry season, H. compressa mid-dry and C. stramineus at the end of 

the dry season, with species richness lowest mid-dry season when only two species 

were spawning. Larvae were present throughout the dry season, although in small 

numbers until the end of the dry season (September/October), when there was a 

peak in abundance attributed to higher numbers of hardyhead (C. stercusmuscarum 

& C. stramineus). The juvenile fish assemblage showed a different pattern, with the 

trip in May dominated by Ambassis species (collected in light traps) and M. 

australis. Total abundance for juveniles was consistent across the dry season 

(excluding Ambassis species), and species richness increased toward the end of the 

dry season, although many species were present in low numbers. A number of 

factors, including high mortality rates, an ontogenetic shift in habitat or an 

avoidance of sampling gear may account for variability across the dry season for 

juveniles. 

Consistent with many other studies (Gehrke 1992; Gadomski & Barfoot 1998; 

Cheshire 2010), total mean abundance of larvae and juveniles was higher at night 

than during the day. Increased abundances of larvae and juveniles at night has been 

attributed to predator avoidance (especially for small-bodied species), loss of visual 

orientation and reduced avoidance of sampling gear, and a synchronicity between 

larvae and prey items (Gehrke 1992), but diel patterns can be specific to individual 

species (King 2004; Baumgartner et al. 2008). A number of species were collected 

exclusively at night during this study (predominantly juveniles), and ongoing 

research is required to determine diel variability for individual species across 

hydrological variables. 
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4.3 Spatial variability of early life stages 

The distribution of fishes and the variability in fish assemblage structure is often 

associated with spatial variability. Factors such as geomorphology, hydrology, 

depth, turbidity, position within the catchment, and habitat diversity and 

composition can all have a significant influence on species composition and 

abundance (Pusey et al. 1995; Pusey et al. 2000; Jackson et al. 2001; Kennard et al. 

2007; Zeug & Winemiller 2008; Pusey et al. 2011; Warfe et al. 2013). This study 

found broad differences in both larval and juvenile assemblages at the reach and 

mesohabitat scale. At the reach scale, total larval abundance and species richness 

was lower at the DRDR site, although some species were in very low abundance at 

the other two sites. Despite differences in abundance and species richness, 

assemblage composition for the most abundant species was similar across the three 

sites, being dominated by C. stramineus, followed by C. stercusmuscarum, M. 

australis and G. aprion. Differences in slackwater habitat characteristics between 

sites may have attributed to spatial variability at the reach scale, with the main 

differences between sites being the density of  wood, roots, submerged vegetation, 

overhanging vegetation, undercut bank and leaf litter, and the type of substrate, 

the water depth, length and width of the habitat, and the slope of the bank. The 

presence of medium to high densities of submerged vegetation at the CDLR and 

OODR sites (and its absence at DRDR) may have contributed to the higher larval 

abundance at these sites. A positive relationship between in-stream cover and 

larval fish abundances has been reported in other studies (Pusey et al. 2002; Price 

2007; Cheshire 2010; Bertolo et al. 2012), as cover provides refuge areas from high 

flows and predation at these vulnerable early life stages. Larvae may also be 

associated with particular habitats as a result of adult spawning selection (Cheshire 

2010); for example aquatic vegetation is a key component for spawning for many of 

the species collected in this study (Ambassis sp., C. stramineus, M. australis, M. 

nigrans), as they lay demersal eggs that attach to vegetation or root masses via 

adhesive filaments (Ivantsoff et al. 1998; Tappin 2014).  
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Spatial differences in the juvenile assemblage also occurred over the dry season at 

the reach scale. The DRDR site was significantly different to the CLDR and OODR 

sites, in terms of both total abundance and species richness. However, in contrast 

to the pattern observed for the larval assemblages, the DRDR site had higher 

juvenile abundance and species richness. The abundance of juvenile T. chatareus 

was much higher at DRDR, and twice as many species were collected at DRDR in the 

late dry season compared to the other two sites. Fish species richness is known to 

increase with distance downstream (Schlosser 1982; Pusey et al. 2011; Arthington 

et al. 2013). A downstream increase in species richness can be attributed to many 

factors, such as increased depth or volume of water available, increased habitat 

heterogeneity with increased stream order and also suitability for diadromous 

species which require both freshwater and saltwater throughout their life. The 

higher juvenile species richness in the lower reaches of the Daly River can be 

partially attributed to the higher number of diadromous and euryhaline species 

present at this site (e.g.: Glossogobius aureus, Neoarius graeffei, Arramphus 

sclerolepis, H. compressa, T. chatareus). Distance from the estuary, along with flow 

regime and the size of the catchment area are important factors that determine 

spatial variation in fish assemblages (Jackson et al 2001; Kennard et al. 2007; Warfe 

et al. 2013). Barriers to fish movement, such as anthropogenic river crossings, also 

potentially influence the spatial variably of fish (Warren & Pardew 1998). Crossings 

are present at all three river reaches in this study, and their impact on fish 

movement in the Daly River is unknown, although may be partially mitigated by the 

perennial nature of the river and high flows during the wet season.   
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Figure 4.2.  (a) Daly River Crossing and, (b) Claravale Crossing on the Daly River, showing structures 
that may potentially be barriers to movement under different flow regimes. Photos were taken in 
the late dry season (October 2013). 

 

Spatial variability also occurred at the mesohabitat scale, with different larval and 

juvenile fish assemblages occurring between mid-channel open water habitats, 

compared to slackwater habitats along bank edges. The vast majority of larval and 

juvenile fish were collected in slackwaters (96%), suggesting that most fish in the 

early life stages utilise low flow slackwater habitats, rather than the mid-channel. 

The low flow recruitment hypothesis proposed, and subsequent studies have 

demonstrated, that slackwaters in floodplain rivers are commonly preferentially 

used by larvae. Their use is thought to be due to their reduced velocities, warmer 

temperatures, higher abundance of food, and that they are more structurally 

complex than other habitat types (Humphries et al. 1999: Humphries et al. 2002; 

King 2002). Higher abundances of larvae in slackwaters may also be the result of 

reduced predation and hence increased survival (Humphries et al. 1999; Price 2007; 

Bertolo et al. 2012). It is also likely that spawning adults of some species actively 

select nursery habitats for their larvae in slackwater habitats (Pusey et al. 2004). 

Many fish in their early life stages show strong habitat associations and some 

studies suggest that an active habitat choice occurs for many species as quite young 

larvae (Doherty et al. 1996; King 2004; Bertolo et al. 2012; Schludermann et al. 

(a) (b)
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2012). However, dispersal via either passive or active drift is also commonly 

employed in the early life stages (Penaz et al. 1992; King 2004; King et al. 2009). 

Species may also exhibit ontogenetic habitat shifts, and this can occur as a trade-off 

between prey availability, growth and predators (King 2004), or as a result of 

unfavourable conditions (Copp 1990). The selection mechanism behind early 

habitat associations is likely to vary between individual species (King 2004), and 

remains unknown for the majority of riverine fish in the wet-dry tropics. 

 

4.4 Microhabitat characteristics associated with habitat use of fish 

Critical components for the survival of fishes in the early life stages include food 

availability, suitable temperatures, acceptable levels of competition and predation, 

and these are all inherently linked to habitat characteristics (Werner 2002). The 

environmental and habitat variables that were measured in this study in slackwater 

habitats explained 31.9 % and 27.6 % of the variance in the larval and juvenile fish 

assemblages, respectively. Complex structural habitat characteristics including in-

stream wood, roots and submerged vegetation were important characteristics that 

explained variability in the assemblages. As previously discussed, medium to dense 

sub-merged vegetation was present in a high number of sampled habitats at both 

CLDR and OODR, but never present at DRDR. Submerged vegetation was an 

important habitat characteristic for juvenile fish (particularly for C. 

stercusmuscarum and G. aprion). The proportion of wood and overhanging 

vegetation present in sampled habitats was also important for juvenile C. 

stercusmuscarum, T. chatareus and A. percoides. However, the abundance of in-

stream cover was apparently not important in explaining the variation within the 

larval fish assemblage, although the percentage of undercut bank and the length of 

the habitat were consistently reported. This requires further investigation, as 

studies in temperate Australia and tropical northern Australia have found that many 

species at larval stage are associated with some form of in-stream cover (Pusey et 

al. 2002; Price 2007; Cheshire 2010; Bertolo et al. 2012). Most of the larvae in this 

study were collected as protolarvae, and these were predominantly opportunistic 
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species that lay their eggs onto root-masses and submerged vegetation, hence it 

would seem likely that larvae would be associated with aquatic vegetation. 

Channel morphology is thought to be the main driver for characteristics such as the 

spatial configuration of slackwaters, diversity of slackwaters within reaches and the 

micro-habitat characteristics present within slackwater habitats (Price et al. 2013). 

The channel morphology of the three river reaches in this study is very similar and 

the slackwater habitats at all three reaches were predominately along open bank 

edges, with very little slackwater habitat in the form of embayments or backwaters 

(1.3 %). The vast majority of slackwater habitats along straight bank edges were 

formed by in-stream wood, and this was important in explaining variability in the 

juvenile assemblage in this study. Pettit et al. (2013) found that most fish 

(predominantly adults) in the Daly River were abundant where woody debris was 

present, and along with stream width and depth, in-stream wood was the most 

influential habitat variable explaining species assemblage structure. Its role in 

structuring fish assemblages is significant, with differences in the structure and 

composition of in-stream wood aggregations contributing to habitat heterogeneity 

and providing a complex habitat for fish (Crook & Robertston 1999; Schneider and 

Winemiller 2008; Pettit et al. 2013).  

Turbidity and dissolved oxygen were the most important water quality variables 

explaining larval and juvenile fish assemblage patterns. Turbidity and dissolved 

oxygen both followed a general trend of being high at the beginning of the dry 

season, and decreasing at the end of the dry season. The decrease in turbidity over 

the dry season is thought to be due to a greater proportion of ionic rich 

groundwater contributing to in-stream flow towards the end of the dry season 

which precipitates and settles fine particulates (Townsend et al. 2011). The 

increasing accumulation of benthic algae and submerged macrophytes as the dry 

season progresses would contribute to lower dissolved oxygen levels (Townsend et 

al. 2011). The trend of higher abundances for most species and increased species 

richness towards the end of the dry season coincides with decreased water turbidity 

and dissolved oxygen. Water temperature also increased from the early to the late 

dry season by an average of 6.7⁰C, and may be a cue for some species to spawn in 
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the transition period (September- October), into the wet season. Increased water 

temperature and photoperiod have been suggested as possible environmental cues 

for spawning for some tropical Australian freshwater fish species (Milton and 

Arthington 1983; 1984; 1985), although further longer term research is required to 

separate out competing variables. Pusey et al. (2001) suggest that some short-lived 

opportunistic species (e.g. rainbowfish) may not require environmental cues for 

spawning, but that the major control on the timing of reproduction is the 

acquisition of enough energy to fuel growth and reproduction. However, research 

on the reproductive biology of tropical freshwater fishes and environmental factors 

that cue spawning is very limited, and further research is needed.  

4.5 Key outcomes and limitations  

Studies investigating the temporal and spatial variability of fishes typically require 

long-term studies over several years to be confident about the main controlling 

factors. This study was temporally restricted over one dry season and was also 

restricted to 1-3 sites. Variability in fish assemblages over time and space is 

influenced by interactions between multiple scales of flow variability, such as the 

timing, frequency and magnitude of flows (Stewart-Koster et al. 2011). Therefore, 

to understand the full importance of the findings of this study, further research 

needs to occur over a number of years under a range of intra-annual and inter-

annual hydrological variability. Indeed, this study forms part of a larger research 

project which is testing the applicability of specialised methods and approaches for 

sampling the early life stages of fish in rivers of the wet-dry tropics. Taken in 

context, this study therefore provides a “snapshot in time” over one dry season and 

the findings will need to be integrated with future research to be able to have a 

broad understanding of the reproductive phenology of freshwater fishes in the Daly 

River over a range of hydrological variables.  

The utility of methods for sampling early life stages in a tropical floodplain river 

across a broad range of habitats (i.e. mid-channel and a range of slackwater 

habitats with varying characteristics), and during low flows, was largely unknown 

prior to this study. The only direct sampling of larvae that has occurred in the wet-

dry tropics of this region was a study by Berra and Neira (2003), which successfully 
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used tow nets to sample Kurtus gulliveri in the Adelaide River. Therefore, a range of 

gear types was selected for this study, based on the successful use of these 

specialised methods for collecting early life stages in temperate regions of Australia 

(Humphries et al. 2002; King et al. 2003; 2009; 2010; Cheshire 2010). Limitations 

were encountered at times with the gear types used to sample the faster-flowing 

mid-channel. For example, tow net sampling appeared to be ineffective in this 

study, only collecting a low abundance of C. stramineus larvae (n=5). Drift nets were 

also problematic at times, as they were ineffective in areas of low velocity. 

However, despite collecting a low abundance of fish, the drift nets were important 

as they collected nine species in the early life stages; including two species at 

developmental stages that were not present in SNE or light traps samples, and one 

species (O. gutturale) that was collected exclusively in the mid-channel 

environment. Data collected from drift nets will also be vital when comparing the 

results to wet season sampling in the larger study. 

The study design was re-assessed following the first trip, when the benefits of night 

sampling became apparent from light traps. Thereafter, night sampling using the 

SNE method was also employed. From June to October (Trips 2-5) habitats were 

sampled during the day and night using the SNE method and this also enabled a 

direct comparison of diel variability. The absence of SNE night data for May (Trip 1) 

needs to be considered when viewing raw data, and diel comparison for this trip is 

not possible due to different day (SNE) and night (light traps) gear types being used 

for sampling. In addition, the slits on the light traps were further narrowed from the 

factory specifications after the May trip, as a high abundance of juvenile and adult 

fish were collected in the traps at this time, and a small abundance of larvae (n=2) 

in these samples indicated possible predation (Meredith et al. 2002). Importantly, 

apart from diel comparison for May, these limitations are irrelevant to quantitative 

data analyses in this study, as only SNE data was used. 

Finally, the remote location of the field work also limited the sampling to every six 

weeks (due to travel-time, logistics and cost). Also, for the larger study, access to 

some sites (including CLDR and OODR) is difficult during the wet season. 
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4.6 Conclusions 

This study demonstrates the importance of dry season, low flows as a spawning 

period for at least 20 species inhabiting the Daly River. It supports the low flow 

recruitment hypothesis (Humphries et al. 1999), as the vast majority of larval and 

juvenile fish were collected in slackwaters along the bank edges of the main river 

channel, suggesting a preference by many species to utilise these low flow littoral 

zones during early life stages. Recruitment of species from one life history strategy 

may be more favoured under particular conditions such as reduced flows (King et al. 

2013), and this study found opportunistic species spawn and may recruit well under 

these low flow conditions, compared to other life history strategies. 

The higher abundance of larvae at CLDR and OODR and the relationship between 

the fish samples collected and the environmental variables, suggests that complex 

littoral zones, with higher percentages of wood and sub-merged vegetation, appear 

to be preferentially used over more simply structured habitats or mid channel 

habitat by fish early life stages.  

The temporal pattern for the larval fish assemblage suggests that the transition 

times from the wet to the dry season, and the period leading into the wet season 

were important times for spawning for a number of species. However, longer-term 

research is needed before more confident spawning patterns emerge. Information 

on intra-annual and inter-annual variability of early life stages may then be able to 

be related to environmental factors such as hydrological variability and its effect on 

the timing and abundance of fish spawning, and the recruitment success of fishes.  

Given the increasing pressure on water and land use change that is currently 

occurring throughout the Daly River catchment, it is critical to determine 

fundamental information on the spawning of fish and the environmental factors 

that initiate spawning and enhance the survival of fish in early life.  Addressing this 

knowledge gap is essential for future management and conservation of fish species 

in the Daly River. 
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APPENDICES 
 

Appendix 1.  Information related to life history strategies and reproductive biology for fish species collected in the Daly River over the dry season 2013.  

Scientific Name 
Breeding 
strategy 

Reproductive biology Spawning times Spawning habitat  
Fecundity / 

egg size  
Larval stage 

Age at 
sexual 

maturity 

Size at 
sexual 

maturity 
(mm)  

SIZE (cm) 
Longevity 

(years) 

Ambassis 
agrammus 1,4,10,12 

No parental 
care 

Spawning over consecutive 
nights, batches of 5-250 

eggs, demersal 

 Late dry and 
early wet, peaks 

Dec - Jan  

Among aquatic plants- 
migrates from dry season 

refugia into lowland 
lentic habitats  

1600 / 0.3  

Eggs hatch within 24 hours , 
undeveloped, at hatch 2 

mm , rapid larval 
development in 22-25 days 

? 5-6 months  
30-35 : 26-27 

CFL  
7 < 2  

           

Ambassis macleayi 
1,10,,12,13 

No parental 
care 

Continuous recruitment, 
spawn in batches over 7 

days , demersal 

Year round , peak 
in early wet  

Dense vegetation. 
Probably in flowing, 

sandy creeks 

Up to 2660 / 
0.3  

At hatch 2mm , 
underdeveloped,  larval 
development is 18 days  

? 12 months  
35-40  : 29-

33 CFL  
up to 10 Unknown 

           

Amniataba 
percoides 2,3,4,10,13 

Parental care 
: nests 

Little known - protracted 
spawning and several 

batches of eggs may be 
produced per season  

Late dry / early 
wet 

Spawns in wide range of 
habitats. Likely over sand 

and mud substrates. 

40,000 - 
125,000 / 0.4 

Unknown 12 months  
Females : 88    
Males : 77 SL 

Up to 18 , 
average 10-

12 
Unknown 

           

Arramphus 
sclerolepis 8,13, 

Unknown: 
likely no 

parental care 

Iteroparity : spawning 
occurs over a prolonged 
period during warmer 

months of the year  

Little known   
Possibly wet 

season 

Little known. May  move 
to estuaries to breed, has 

bred in impoundments   

10, 000 per 
batch / 1.1 x 

3.5  
Unknown 12 months  230-240 CFL  

Up to 40 : 
common to 

18  
Unknown 

           

Craterocephalus 
stercusmuscarum 
4,9,12 

No parental 
care  

Multiple spawnings, 
demersal 

Continuous 
recruitment with 

a few peaks  

 Eggs dispersed at 
random over rocks, 
crevices and gravel 

70 / 1.3-1.7 
Larvae 3.4 mm at hatch:  

well developed  
4-5 months  

27- 29 CFL: 
32  SL  

7.8 Unknown 
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Scientific Name 
Breeding 
strategy 

Reproductive biology Spawning times Spawning habitat  
Fecundity / 

egg size  
Larval stage 

Age at 
sexual 

maturity 

Size at 
sexual 

maturity 
(mm)  

SIZE (cm) 
Longevity 

(years) 

Craterocephalus 
stramineus 2  

No parental 
care  

? Multiple spawnings, 
demersal 

Little known Aquatic veg Little known Little known Little known Little known 6.5 Unknown 

           

Glossamia aprion 
3,4,10 

Buccal 
incubation           

( male) 

 Eggs laid in bundle 
enveloped in thin 

membrane   

Aseasonal , Late 
dry and early wet 

Spawns in lowland 
backflow and floodplain 

billabong  
250 / 3  

Advanced larval 
development at hatch  , 

7mm at hatch : 10 mm in 7 
days  

< 12 months 
Female 70, 

Male 60 CFL  
12-18 , Up to 

20  
Unknown 

           

Glossogobius aureus 
2,4,10 

  Parental 
care : male 
guards nest 
until hatch 

 Little known 
Little known 
Maybe dry 

season: Early wet  

Adults migrate to sea to 
spawn- ? breed in 

freshwater   

1,000- 16, 
000 / 1.0 x 

0.3  

Marine larval stage - rapid 
migration to freshwater, : 

may also spawn in 
freshwater Metamorphosed 

at 10mm 

Unknown Unknown 27 Unknown 

Hephaestus 
fuliginosus 7,10,12 

No parental 
care  

Serial spawner - spawns 2 
or more times over a period 

of days  Demersal 

Start of Wet 
season to mid 

wet. Observed in 
Dec in North Qld) 

Eggs distributed into 
gravel crevices by water 

currents.  

> 100,000 / 
1.8-2.3   

Little known, 
metamorphosis at 14-15 

mm 

Variable :12- 
36 months 

Variable 265 
- 300 SL  

40-50  
Unknown - 
likely 5-7   

           

Hypseleotris 
compressa  1,4,5,10 

 Parental 
care : male 
guards eggs 

for 10-14 
days until 

hatch 

Batch spawners  Jan - March 
Floodplain billabong : 
eggs adhere to rocks, 

sand or weeds  

  2, 000 eggs 
per batch & 
40,000 per 

season / 
0.16 

Post hatch underdeveloped, 
poorly pigmented, 

transparent, lacking 
alimentary tract, 1mm SL at 

hatch 

? 12 months 

Both sexes 
40-50 mm : 

Female 62.4, 
Male 41.3 SL  

Up to 11, 
Common  at 

4-6   

? 3-5 : little 
known 

           

Lates calcarifer 

10,12,13 
No parental 

care 

Catadromous, Repeat - 
serial spawners: 

incremental batches 

2 spawning times 
- Nov- Dec and 

Feb-March 

Marine - estuaries or 
coastal shallows among 

mangroves & over 
mudflats  

 Millions of 
free drifting 
eggs  / 0.6-

0.9 mm 

1.5 mm at hatch, eyes and 
mouth well developed, 

large yolk sac, larvae up to 
4.5 mm , rapid growth   

4 years 
Female 800-

900, Male 
600-700  

up to 180  Unknown 
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Scientific Name 
Breeding 
strategy 

Reproductive biology Spawning times Spawning habitat  
Fecundity / 

egg size  
Larval stage 

Age at 
sexual 

maturity 

Size at 
sexual 

maturity 
(mm)  

SIZE (cm) 
Longevity 

(years) 

Leiopotherapon 
unicolor 10,11 

No parental 
care 

Little known - egg diameter 
suggests a single spawning 

per season  , demersal 

Peak spawning 
wet season but 

will spawn in 
impoundments at 

other times of 
the year 

Travel upstream to 
shallow areas : spawn 
over sandy or muddy 

bottoms 

48, 000 / 0.7 
mm  

Hatching time is about 50 
hours, 2.2 mm at hatch, 

duration larval 
development. is 28-35 days  

3- 6 months 
Females 78 , 

males 58  
25 :Common 

to 150  
? 2-3 : 

Unknown :    

           

Leptachirus triramus 
2,11,13 

Unknown  
Breed in freshwater, little 
known about biology and 

movements 
Unknown Unknown 

Unknown/ 
3.4-3.6 mm  

Unknown Unknown Unknown Up to 15   Unknown 

           

Liza alata 4,10 
No parental 

care 
Pelagic  

Late dry - early 
wet season 

Marine- estuarine or 
coastal   

2 x 10, 000, 
000 / tiny 

eggs 
Undeveloped larvae Unknown Unknown 30 : up to 57  

 
 
 

Unknown 
 
 
 

Melanotaenia 
australis  4, 9,15 

No parental 
care 

Breeding biology in wild- 
little known.  Aquarium 

species - spawn throughout 
the year  

Main spawning 
Oct - early May  

Aquatic veg 
100-200 / 
1.05-1.07   

Well developed at hatch, 
yolk sac very reduced, 

mouth and pectoral fins 
fully formed and functional: 
swim strongly. Hatch size 4 

mm TL.  

?  3-4 
months 

28-35 SL 
10 : common 

at 8 or <  
 up to 4  

           

Melanotaenia 
nigrans  4,9,15 

No parental 
care  

Breeding biology in wild- 
little known 

Continuous 
recruitment: 

Peaks in early-
wet ( Dec- 

March) 

Aquatic veg - small 
streams with deep 

shaded pools with roots 
and submerged 

vegetation  

350 : A few 
eggs 

deposited at 
a time, 50 
eggs per 

spawning / 
1.05  

Well developed at hatch, 
yolk sac very reduced, 

mouth and pectoral fins  
fully formed and functional, 
swim strongly  Hatch size 4 

mm TL 

?  3-4 
months 

Female 27 
LCF, male 39 

LCF  

 up to 12 , 
usually < 6  

Unknown 



104 
 

Scientific Name 
Breeding 
strategy 

Reproductive biology Spawning times Spawning habitat  
Fecundity / 

egg size  
Larval stage 

Age at 
sexual 

maturity 

Size at 
sexual 

maturity 
(mm)  

SIZE (cm) 
Longevity 

(years) 

 
          

Mogurnda 
mogurnda 4,5,12,13 

Parental care 
-  male 

guards and 
fans eggs & 

parental care 
up to 24 

hours after 
hatching 

 repeat / batch spawner 
over an extended breeding 
period: eggs laid in a single 

cluster about 50 mm in 
diameter  

Peak spawning  in 
NQ between 

Sept- October, 
Continuous 

recruitment with 
peaks wet season 

- early dry  

Eggs deposited on rocks, 
woody debris, 

vegetation, hard 
substrates 

280-1300 / 
4mm  

Well developed eyes and 
feeding apparatus, 

notochord flexion. 3.5-
4mmSL  

< 12 months 
Females 49  , 

males 45  

Known to 
reach 14  - 

common at 7  
At least 3  

           

Nematalosa erebi 
4,10 

No parental 
care 

Pelagic 

Aseasonal , 
continuous , 
mostly Dec-

March 

Muddy lagoons & 
corridor backflow 

billabongs  

80,000 - 
230,000 / 0.4 

mm 

Undeveloped at hatch.  
Little known. 35- 40 mm TL 

at metamorphosis  

12-15 
months  

Female 140, 
male 130  

Up to 47  ? 5  

           

Neoarius graeffei 
4,11,13,17 

Buccal 
incubation  

(male)  

Male carries eggs for 3-5 
weeks until hatch 

Late wet/ early 
dry 

Corridor billabong  

40-122 ( 
average  70) 

/ 11-13.7 
mm  

4-5 weeks to hatch, 20-27 
mm TL at hatch, 6- 8 weeks 
larval development, 50mm 

at metamorphosis  

Unknown 
Female 280-
285 , Male 

270-275 
up to 100 Unknown 

            

 
Ophisternon 
gutturale 12,13 

Male guards 
the eggs  

Unknown Unknown Unknown 
Unknown/ 

3.4-3.6 
Unknown Unknown Unknown 60 Unknown 

Oxyeleotris 
lineolatus 4,6,12 

Parental care 
: male 

guards the 
nest and 

agitates the 
egg mass  

Serial spawner - 
Aseasonal 

spawner, peaks in 
late dry season  

Lowland backflow and 
floodplain billabongs 
Deposits on under-

surface of rocky ledges 
and woody debris and on 

ceiling of hollow logs  

70,000 - 
5,000 to 

7,000 each 
spawning / 

2-2.5 x 1 

Well-developed eyes and 
feeding apparatus, 

notochord flexion, caudal 
fin rays, inflated swim 

bladder.  Positively 
phototactic for 7-9 days 
after hatching and then 

metamorphosed 

Unknown 
Female 285, 

male 330 
CFL  

Up to 50 : 
usually 30-

35 

Unknown, 
likely 5-7  
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Scientific Name 
Breeding 
strategy 

Reproductive biology Spawning times Spawning habitat  
Fecundity / 

egg size  
Larval stage 

Age at 
sexual 

maturity 

Size at 
sexual 

maturity 
(mm)  

SIZE (cm) 
Longevity 

(years) 

Oxyeleotris selheimi  
2,4,6,12 

Parental 
care: male 

guards nest 

Serial spawner - may have 
many separate spawnings 

in a season ( up to 10)  

Peak spawning 
October - 
February  

Deposits on under-
surface of rocky ledges 

and woody debris and on 
ceiling of hollow logs  

70,000 - 5-
7,000 each 
spawning / 

2-2.5 x 1  

Little known Unknown 
Female 285, 

male 330 
CFL 

30-55 Unknown 

           

Strongylura kreffti 
4,12 

Unknown: 
Likely no 

parental care 
Pelagic,  Little known 

Little known - 
ripe fish have 

been collected in 
late dry/early wet 

only 

Unknown: indirect 
evidence of freshwater 

spawning.  Eggs attach to 
aquatic veg.  

Unknown  Unknown 
Unknown - 

likely 2 years  
Female 410, 

male 290  
40-60 : up to 

80  
Unknown 

           

Toxotes chatareus 
2,3,13,14 

No parental 
care  

Pelagic  , total spawners ( 
once a season)  

Late dry - early 
wet  

Prefer shallow, muddy 
lowland lagoons 

20,000- 
150,000/ 0.4  

Larvae under-developed, 
hatch at 2.0 mm:  at 5mm 
have well developed fins 

and mouth parts  

24 months 
 Female 180 
, male 190 

30 or < 
? 3-5 : 

Unknown  

           

Zenarchopterus 
caudovittatus2 

Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown 

 
 
References: 1. Allen & Burgess 1990; 2. Allen et al. 2002; 3. Bishop et al. 1980; 4. Bishop et al. 2001; 5. Close et al. 2005; 6. Herbert 2004; 7. Hogan 1995; 8. Hughes & Stewart 2006; 9.Ivantsoff et al. 1998; 10. Larson & Martin 1989; 11. 
Llewelynn 1973; 12. Merrick & Schmida 1984; 13. Pusey et al. 2004; 14. Simon et al. 2010; 15. Tappin 2014 
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Appendix 2.  Larval developmental stages for (a) Melanotaenia australis and (b) Craterocephalus stercusmuscarum 
 

 
 
 

 
 
 
 
 

 
  

Melanotaenia australis 

Craterocephaulus stercusmuscarum 
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