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A B S T R A C T   

Habitat preferences influence partitioning in many marine taxa that can inform fisheries management. Despite 
this, little is known about how habitat partitioning contributes to spatial distributions in many commercially 
important species. This study aims to investigate habitat partitioning and influential variables affecting the 
distribution in Moreton Bay bug species Thenus parindicus and Thenus australiensis for the benefit of management 
on the east coast of Queensland, Australia. These Scyllarid lobsters spend much of their lives buried within 
sediment, but little research focuses on what influences the distribution of each species. In this study, a fishery- 
independent survey was conducted in a key commercial trawling area off the coast of Townsville to determine 
Thenus species distributions and habitat preferences. Variables used to examine the habitat preferences and 
distributions of both species included depth, sediment grain size, Trask sorting coefficient and calcium carbonate 
content. We found that all variables evaluated significantly affected species distributions. Multivariate analyses 
suggest that Trask sediment sorting coefficient and depth were the strongest influential variables. This contrasts 
with previous findings that mean grain size is the most important sediment parameter influencing Thenus dis
tributions. The results indicate habitat partitioning between T. parindicus and T. australiensis but not habitat 
exclusion. These findings, along with the likely influential variables of species’ distributions will help better 
understand the habitat ecology of these lobsters and inform management for the Moreton Bay bug fishery.   

1. Introduction 

Understanding distributions and habitat preferences of fished species 
is imperative for successfully managing fisheries. For this reason, fish
eries management plans should incorporate any available habitat in
formation (Fluharty, 2000). An awareness of differences in the ecology 
and population dynamics of closely related fished species is critical in 
predicting how these populations will respond to fishing pressure. Pre
vious research in marine taxa has shown that habitat and population 
dynamics are intrinsically linked, therefore understanding how closely 
related species’ habitats diverge may provide useful insight into 
long-term fishery sustainability (Hayes et al., 1996). Gathering infor
mation on where species live and their behavior is the first component of 
understanding spatial distributions. Moreover, determining the habitat 
features influencing species’ distributions can provide information 
about how organisms relate to their surroundings. 

In Australia, Moreton Bay bugs are considered a seafood delicacy in 

increasing demand. Harvested mainly along the east coast of Queens
land, little is known about their habitat partitioning and species distri
bution. Moreton Bay bug, or “bay lobster,” is the common name for 
Thenus spp. in Australia, which comprises both Thenus australiensis and 
Thenus parindicus (Burton and Davie, 2007). It should be noted that 
before this genus was revised in 2007, these species were referred to as 
Thenus orientalis and Thenus indicus, respectively. In Australia, they are 
found from the east coast near northern New South Wales, up through 
the Northern Territory and down to Shark Bay in Western Australia 
(George and Griffin, 1972; Holthuis, 1991). Within this distribution, 
Moreton Bay bugs occupy sandy substrates between coral reefs and soft 
inshore mud/sand flats (Jones, 2007). Both species of Thenus demon
strate a distribution that is aggregated and non-random. Other groups of 
lobsters, such as Palinurids, also display local non-random distributions 
(Herrnkind et al., 1975; Goñi et al., 2001; Negrete-Soto et al., 2002; 
Butler, 2003; Jones, 2007). This pattern has not been found to be caused 
by migrations or collective spawning behavior; therefore, it is likely 
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driven by either the distribution of preferred habitat, trophic dynamics, 
or other biological components (Jones, 2007). Much like other lobster 
groups, T. australiensis displays a uniform distribution across all seasons 
(Lyons et al., 1981; Jones, 1988; Spanier and Lavalli, 1988). 

In Queensland, the Fisheries Act of 1994 includes requirements for 
strict protection of fish habitat driven by the need to understand target 
species distributions (Lynch, 1995). Thenus spp. are nocturnal predators 
with peaks of activity around dusk and dawn. During the day, bay lob
sters bury themselves in sediment (Jones, 2007). Due to this behavior, 
commercial fishers have had greater success landing Thenus spp. during 
their active phase at night. Little is known about the population dy
namics and life histories of Moreton Bay bugs, but the limited evidence 
suggests these species are distinct beyond just morphology. T. parindicus 
has a faster growth rate (Courtney, 1997), and is typically smaller with a 
shorter life expectancy (2–4 years) thought to be approximately half that 
of T. australiensis (4–8 years) (Jones, 2007). T. parindicus has an esti
mated mean fecundity of 12,455 eggs compared to T. australiensis with 
32,230 eggs (Jones, 2007). These differences suggest that these species 
will likely have different responses to fishing pressure. 

In Australia, Moreton Bay bug fisheries collectively report approxi
mately 600 tonnes annually with almost 90% of catch originating in 
Queensland. Valued around $25 per kilogram, Queensland fisheries 
annually contribute approximately 13.5 of the 15-million-dollar na
tional catch value (Roelofs et al., 2021). Based on this contribution and 
increase in targeting, it is critical to understand the ecology of Moreton 
Bay bugs for better stock assessments of this fishery in Queensland. 

Fisheries logbook records indicate that the Townsville region and the 
Gladstone-Fraser Island region each contribute about 40% of the total 
Thenus catch for Queensland, and approximately 35% of landings in 
Australia (Queensland Department of Agriculture and Fisheries (DAF), 
unpublished data; Roelofs et al., 2021). The area off Townsville between 
the coast and the Great Barrier Reef consists of extensive mud and sand 
flats, interspersed coral reefs and islands, and extensive reef flats, 
providing a large variety of habitats (Browne et al., 2010). This region is 
also heavily trawled, providing a long history of logbook records of 
Thenus catch as well as other benthic species (Courtney, 2002; Courtney 
et al., 2007). Currently, stock assessments based on these logbook data 
indicate that stock is stable (Roelofs et al., 2021). However, these re
cords do not differentiate between Thenus species, limiting the accuracy 
of catch rate estimations critical for true stock assessments of each 
species. Without separation of species, it is possible one species’ 
vulnerability to fishing pressure is being masked. Recent increase in 
targeted fishing for Thenus spp. has highlighted the need for greater 
management focus on species differentiation to accurately assess long 
term trends in catch rates and abundance for each species. 

As tag-recapture data indicate negligible overall movement by ju
venile and adult Thenus spp., they are unlikely to leave preferred habi
tats (Jones, 2007; Courtney, 1997; unpublished data). Combining 
information on habitat partitioning and preferences with high resolution 
spatial catch reporting data may provide a means to differentiate the 
species in logbook records based on their likely spatial distributions. 
This could improve the accuracy of catch rate trends used as abundance 
indices for each species, stock assessment and management. 

Despite the recent increase in market demand, little published work 
explores how Moreton Bay bugs use their habitat. The few studies that 
have been conducted suggest that substrate grain size and water depth 
are the two major factors separating habitats of T. parindicus and 
T. australiensis. Based on aquarium experiments and field studies in 
northern Australia, Jones reported the smaller of the two species, 
T. parindicus, is found in shallow waters ranging from depths of 10–30 m 
on silt and sand flats. The larger species, T. australiensis inhabits inter- 
reef flats of coarser sand ranging in depths between 30–60 m (Jones, 
1988, 1993, 2007). No evidence of overlapping ranges has been previ
ously documented. In Jones (1988) aquarium experiments, he presented 
a variety of sediment sizes to each species and noted a clear preference of 
T. parindicus for sediments finer than 0.063 mm (coarse silt to clay) and a 

preference of T. australiensis for sediments of moderate to coarse size 
sands (>0.063 to 2 mm) (Jones, 1988). These findings, coupled with 
local fishing insights, identify T. australiensis as “reef bugs” located in 
sandy areas farther offshore near the Great Barrier Reef, distinct from 
“mud bugs” (T. parindicus) believed to favor shallower inshore mudflats. 

The aim of this study is to a) assess habitat partitioning between the 
two Moreton Bay bug species in the Townsville trawling area, and b) 
determine environmental factors influencing species’ distributions and 
any habitat partitioning. These findings may enable more accurate catch 
rate time series which can be used as proxies of abundance for man
agement of the Thenus spp. fishery. To achieve these objectives, a 
fishery-independent survey was conducted in the Townsville Moreton 
Bay bug fishery in which biological data (species, sex, size) and habitat 
data (bathymetry, bottom sediment samples) were collected. Univariate 
and multivariate analyses of the sediment physical properties and lob
ster catch data were undertaken to examine habitat partitioning and 
species’ distributions. 

2. Methods 

2.1. Data collection 

A 14-day fishery-independent survey of the trawled fishing grounds 
adjacent to Townsville was performed to collect direct observations of 
species densities and co-located sediment properties using a stratified 
random sampling design. The survey area extended from Bowen to 
Hinchinbrook Island in the inshore areas of the Great Barrier Reef Ma
rine Park (GBRMP) (Fig. 1). A total of 140 sites were randomly 
distributed among strata that were based on 30-minute logbook 
reporting grids. The number of sites allocated to each stratum was 
calculated based on the product of each stratum area and commercial 
logbook data catch per unit effort (CPUE) in that stratum over the pre
ceding 20 years (since satellite vessel tracking was introduced) as a 
proportion of the total for the entire survey area. Larger strata with 
greater CPUE therefore received a greater proportion of the total pool of 
sites. Sites with small area and low CPUE that did not meet a threshold of 
minimum sampling effort were allocated three sites to avoid under- 
sampling (representing 2% of sampling effort; Dichmont et al., 2000). 
The survey took place from 20 July – 4 August 2021, over the period of 
the full moon when bugs exhibit elevated catchability, aboard a char
tered trawl vessel, the FV Murchison. Survey trawls were conducted 
between 5:00 pm and 7:30 am each night in accordance with commer
cial trawling regulations. Sites in the survey ranged from 14–59 m in 
depth. Due to adverse weather and gear issues, 10 of the 140 sites were 
unable to be sampled. 

Upon arrival at each site the vessel stopped, and a sediment sample 
was taken using a 5 kg sediment grab. At sites with greater depths, 
strong winds, and currents an 8 kg sediment grab was used. The grab 
was lowered to the seafloor and deployed to extract up to 500 g of 
sediment. A subsample of up to 200 g was bagged and labelled before 
being preserved in a freezer onboard. Next, the vessel reorientated and 
undertook a one-nautical mile bottom trawl over the site. Four identical 
nets with 2.25-inch mesh sizes and five-fathom head rope length were 
deployed with otter boards, two from each outrigger boom. Nets were 
equipped with turtle exclusion devices and bycatch reduction devices. 
Upon completion of the transect, the catch was sorted on the tray and 
Thenus spp. were set aside. Species and sex were identified for each in
dividual, and carapace length was recorded. This sequence was repeated 
at each of the 130 sites. 

2.2. Sediment processing 

After completion of the survey, sediments were processed in a lab
oratory to determine grain size and carbonate content. To measure mean 
grain size of a sample, we conducted a wet sieving process that most 
effectively disaggregates the mud fraction of the sample, and secondly 
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dry sieved the course fraction of the sample into eight grain size classes 
based on protocols outlined by Folk (1980). To wet sieve, samples were 
prepared with 5% Calgon (Sodium Hexa-Metaphosphate) solution, then 
wet sieved through a 63-micron mesh sieve. This mud fraction was 
diluted, mixed, and three subsamples of 100 ml were removed and dried 
in an oven at 80 degrees Celsius. The dry weight was used to determine 
the mud weight of each sample after applying a Calgon and volume 
correction factor. The remaining coarse fraction was dried and sieved 
through 63, 125, 250, 500, 1000, 2000, 4000, and 8000-micron mesh 
sieves shaken for ten minutes at 60 amps on an electromechanic sieve 
shaker. The weight of sediment in each sieve was recorded and used to 
determine the proportion of sample weight that was gravel 

(2000–8000-micron sieves) and sand (63–1000-micron sieves). The 
sediment remaining in the pan under the 63-micron sieve did not 
separate in the wet sieving process and was added to the mud weight 
from the wet sieve to get total mud weight. In this study, the mean 
grainsize of a sample refers to the value determined by the G2Sd package 
in R statistical platform (v.4.1.1) (R Core Team, 2021) using the weight 
of each sediment grainsize class relative to the total sample weight and 
the sediment grainsize classes present in that sample. This mean grain
size value provides an approximation accepted as standard practice 
where it is impractical to measure all grains in a sample individually. 
These values fell into Wentworth grain size classifications of mud, sand, 
or gravel, and can be further classified within these. 

Fig. 1. Map of the fishery-independent survey of Thenus species off Townsville beginning in July 2021. The sites were randomly distributed within 12 strata with 
number of sites allocated based on strata area and CPUE. 
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Calcium carbonate content was determined by acid digestion. 
Approximately 5–10 g of each original sediment sample was removed 
and dried in an oven at 80 degrees Celsius. Dry weight was recorded, and 
the sediment was treated with ten percent hydrochloric acid solution. 
Then samples were rinsed with distilled water and dried again. Dry 
weight was recorded and subtracted from original dry weight to deter
mine the percentage of calcium carbonate. 

2.3. Grain size distribution analyses 

The weights of each grain size class for each sediment sample were 
analyzed using the G2Sd package in R. The output provided arithmetic 
and geometric mean grain size, the distribution of grain size, standard 
deviations, the Trask sorting coefficient (a measure of sediment grain 
size sorting), sediment type descriptions, texture, and other parameters 
that describe each sediment sample. A principal component analysis of 
variance was conducted using the R package Vegan (Dixon, 2003) on 
each sediment sample using Wentworth classifications, arithmetic mean 
grain size, and Trask sorting coefficient to determine the relationship of 
each sample to each other and the causes of variance among the pa
rameters. Matrix scatterplots were used to visualize linearity. Normal
ized data was transformed to remove scales of different variables. Other 
assumptions of PCA were met in that the sediment variables were 
continuous and presented linear relationships. For seven out of 130 sites, 
calcium carbonate content was not determined as these samples were 
collected from depths exceeding 50 m during periods of intense wave 
action, resulting in inadequate sediment volume to effectively undergo 
acid digestion. These sites were therefore omitted from multivariate 
analyses. 

2.4. Assessment of habitat partitioning 

Maps of species distribution by site were made in ArcGIS Pro. The 
lobster catch rate data at each site (X/nautical mile) were considered as 
an index of relative abundance. Associations between the sedimentary 
variables, depth and lobster relative abundance were then examined to 
investigate differences in species’ distributions. Depth and mean grain 
size were assessed based on Jones (2007, 1988) report that these pa
rameters are the primary influential variables of habitat partitioning of 
these species. A two-factor ANOVA and a frequency analysis were used 
to test differences in abundance associated with mean grain size and 
Trask sorting coefficient between species and depth. Assumptions of 
normality and homogeneity of variance were checked by Levene’s tests 
and residual plots. The abundance data were square root transformed to 
better meet the assumptions of ANOVA. Frequency analyses were also 
used to evaluate differences between the species’ distributions across 
mean grain size by Wentworth classifications, calcium carbonate con
tent, and Trask sorting coefficient. Sediment sorting is how similar the 
grain size of particles of a sample are, or the frequency distribution of 
grains across size classes calculated using the Trask method. The as
sumptions of Pearson’s chi square tests were met as the data assessed 
were count data for each species and the categories used for assessment 
were mutually exclusive. 

Canonical analyses of principle coordinates (CAP, Anderson and 
Willis, 2003) were performed in order to evaluate dissimilarity of indi
vidual bugs of the two species across habitat factors. CAP was performed 
using the R package BiodiversityR (Kindt and Coe, 2005) and included 
distance-based redundancy analyses as designed by Legendre and 
Anderson (1999). 

3. Results 

3.1. Sedimentology of the Townsville region 

A total of 1.5% of samples had a mean grain size classification of 
mud, 82.3% of samples were sand, and 16.2% of samples were gravel. 

Sediment mean grain size ranged from 53.6 + /- 151.3 µm (SD) to 
2898.5 + /- 3761.6 µm across the 130 sediment samples. Most samples 
were dominated by coarse sand. The overall average mean grain size fell 
into the coarse sand fraction for approximately 69 of 130 samples (53%). 

The mean Trask sorting coefficient was 2.5 ∅ units. According to the 
classifications set forth by Trask (1930) values < 2.5 are well sorted, 
2.5–4.5 are normally sorted, and > 4.5 are poorly sorted (Friedman, 
1962). Approximately half of the samples were well-sorted, ~40% 
normally sorted, and ~10% poorly sorted. Sediment samples from 
nearshore areas had an average calcium carbonate percentage of 28% 
(Fig. 2. A). Most of the nearshore samples tended to be poorly sorted fine 
sand or mud (Fig. 2. B). Offshore samples had an average calcium car
bonate percentage of 45% (Fig. 2. A). Sediment samples in this region 
were a mix of mostly coarse sand, well to normally sorted (Fig. 2. B). 

The principal component analysis illustrated a distinct separation of 
samples by mean grain size to Trask sorting coefficient on PC2 and by 
Trask sorting coefficient to depth and calcium carbonate content on PC1 
(Fig. 3). PC1 and PC2 accounted for 65.22% of the total variance among 
samples (Fig. 3). Larger mean grain size groups of coarse and very coarse 
sand showed distinct banded clustering. Smaller mean grain size sam
ples were not so strongly clustered. Trask sorting coefficient held a 
loading value of 0.71 for PC2 and mean grain size held a loading value of 
− 0.62, indicating these factors explained PC2 independent of depth and 
calcium carbonate content. Calcium carbonate content and depth held 
PC1 loading values of 0.65 and 0.69 respectively (Fig. 3). 

3.2. Species’ distributions in the Townsville region 

A total of 1215 bugs were sampled during the 14-day survey period. 
Of these, 792 were T. australiensis and 423 were T. parindicus. Thenus 
australiensis were found exclusively at 73 of 130 sites. These sites were 
predominantly offshore. Thenus parindiucus were found exclusively at 19 
sites near the coastline. Both species were co-located at 32 sites towards 
the center of the survey area, and neither species were found at six sites 
(Fig. 4). 

Individuals were sampled at water depths between 14 and 59 m. 
Thenus parindicus was distributed in shallower depths compared to 
T. australiensis (Fig. 5). Almost all T. parindicus were found between 
10–30 m with a mean depth of 23.4 m (+/- 1.50 SE). The majority of 
T. australiensis were recorded at depths between 30–55 m, with a mean 
depth of 39 m (+/- 1.07 SE). The interaction of depth and species 
abundance was found to be significant (ANOVA; F1,43 = 4.965, 
p < 0.01). In waters up to 27 m, T. parindicus was the more abundant 
species, but when depth exceeded this T. australiensis dominated (Fig. 5). 
Frequency analyses showed a significant difference in distribution 
among depths within and between species (χ29 (N = 1215)= 708.62, 
p < 0.01). 

Both species had the highest frequency of occurrence at sites with 
mean grain sizes in the coarse sand fraction (Fig. 6). Thenus parindicus 
was distributed across sites with significantly smaller mean grain sizes 
compared to T. australiensis (χ27(N = 1215) = 83.298, p < 0.01). Thenus 
parindicus was recorded at sites with mean grain sizes ranging from 
53.5 µm to 1916.1 µm; mud to very coarse sand according to Wentworth 
classification (Wentworth, 1922). Thenus australiensis was observed at 
sites with mean grain sizes between 275.3 µm and 2898.5 µm; medium 
fine sand to very fine gravel by Wentworth classification. 

Individuals were observed at sites with Trask sorting coefficient 
values between 1.294–8.554 ⌀ units. Thenus australiensis displayed the 
highest frequencies at sites with a Trask sorting coefficient between 1–2 
⌀ units, well sorted, while T. parindicus was recorded in greatest fre
quencies at sites between 3.5–5.25 ⌀ units, normal to poorly sorted 
(Fig. 7. A). The difference in species distributions across Trask sorting 
coefficient values was significant when sorted into bins of 1.75 ⌀ units 
(χ27(N = 1215) = 279.07, p < 0.01). When analyzed with Trask sorting 
coefficient, abundance was found to be significantly different between 
species (ANOVA; F1123 = 32.16, p < 0.0). Thenus spp. were recorded at 
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sites with sediment containing between 0.95–95.0% calcium carbonate. 
Both species were observed throughout the same range, however, 
T. parindicus was found in higher frequencies at sites with lower calcium 
carbonate percentages compared to T. australiensis (Fig. 7. B). The dif
ference was further confirmed to be statistically significant by Pearson’s 
chi square when percentages were distributed in categories by 5% (χ218 
(N=1215) = 275.9, p < 0.01). 

The multivariate constrained CAP analysis of individual Thenus spp. 
caught in Townsville and previous variables evaluated via univariate 
statistics successfully classified 89.00% of all individuals. For each in
dividual, depth and all sediment variables differed by species (Pillai* =
0.56728; F9,1143 = 165.33; p < 2.2e-16). This CAP model correctly 
classified 89.8% of T. parindicus sampled and 88.5% of T. australiensis 
based on depth and sediment properties at each sampled location with 
instances of catch. There was visible clustering of each species, with 
moderate overlap (Fig. 8. A). Depth and sediment calcium carbonate 
content explained the greatest variance between species in the analysis 
of individuals. Species composition of sites (i.e., presence of only 
T. parindicus, only T. australiensis, or mixed species) differed based on 
depth and sediment variables including calcium carbonate content 
(Pillai* = 1.010; F10,114 = 22.64; p < 2.2e-16). A CAP analysis using 
these same variables correctly classified species composition of sites in 
96.6% of cases (Fig. 8. B). The model successfully classified 86.2% of 

sites with both species (mixed), 100% of sites with exclusively 
T. australiensis, and 100% of sites with exclusively T. parindicus. There 
was clear clustering of each category of species with minimal overlap. 
Depth and Trask sorting coefficient were most influential in predicting 
species composition at sites, while calcium carbonate and mean grain 
size had the least influence. Six sites where neither species was recorded 
and seven sites that did not provide enough sample volume to process 
for calcium carbonate content were omitted from both ordinations. The 
seven sites without calcium carbonate analysis removed 68 of 1215 bugs 
caught during the survey. 

4. Discussion 

This study found significant evidence of habitat partitioning by 
species, but not habitat exclusion in the Thenus populations in coastal 
waters adjacent to the Townsville region. In a location-based analysis of 
each site, depth and Trask sediment sorting coefficient were the most 
influential variables on species distributions observed in this study. 
However, multivariate analysis of each individual bug caught showed 
depth and sediment calcium carbonate content as influential variables. 
We found T. parindicus inhabiting shallower habitats with poorly sorted 
sediment compared to T. australiensis which inhabits deeper habitats 
with more well sorted sediments containing greater calcium carbonate 

Fig. 2. Map of sediment parameter results by site from the survey off Townsville. A) percent calcium carbonate content, B) sediment sorting value measured in Trask 
units (∅), larger bubbles mean more poorly sorted, C) mean grain sizes in microns. 

Fig. 3. PCA ordination plot of sediment samples taken during the 2021 Townsville survey and habitat parameters varying significantly across sites, grouped ac
cording to Wentworth grain size classifications. 

N.R. Louw et al.                                                                                                                                                                                                                                 



Fisheries Research 273 (2024) 106956

6

percentages. Our results provide further insight into the relationship 
between Thenus spp. and their habitat. The information gained in this 
study can be used to conduct improved stock assessments of these spe
cies, therefore providing a more comprehensive foundation from which 
management decisions can be made for the fishery. The results can be 
used to construct predictive models to retro-actively estimate species- 
specific catch rates based on logbook records and location. Similar ap
proaches were successful for separating tiger prawn species in the 
Northern Prawn Fishery logbooks and provide an opportunity to 
enhance our ability to utilize decades of existing data for assessment 
insight (Venables and Dichmont, 2004). 

The multivariate CAP analyses in this study provide insight into 
nuances affecting Thenus spp. distributions in the Townsville trawling 
region. The analyses provide evidence that depth is likely the most 
important habitat factor influencing the distributions observed in Thenus 
spp. in this region. In the Townsville trawling area, we found that many 
T. australiensis occupy sandy flats in the Great Barrier Reef lagoon that 
contain a relatively high percentage of calcium carbonate. This may be a 
result of proximity to the Great Barrier Reef and associated deposition of 
calcium carbonate into the lagoon transported by prevailing currents 
pushing through the reef (Benthuysen et al., 2022). Importantly, the 
other main population of T. australiensis, located near Hervey Bay, oc
curs in an area with low calcium carbonate content that is distant from 

Fig. 4. Distribution of Moreton Bay bugs (Thenus spp.) across sites near the Townsville trawling region, QLD, Australia. Colours indicate species presence / absence.  

Fig. 5. Frequency distribution of Moreton Bay bug species across the Towns
ville trawling region depth range by increments of five meters. 

N.R. Louw et al.                                                                                                                                                                                                                                 



Fisheries Research 273 (2024) 106956

7

the Great Barrier Reef suggesting that sediment calcium carbonate 
content is likely not an important driver of this species habitat prefer
ences (McMillan et al., 2023). The influence of calcium carbonate con
tent on Thenus spp. distributions is therefore likely a localized effect and 
should be considered with caution. For these reasons, we believe that 
depth likely has the greatest influence on Thenus spp. distributions, 
followed by sediment Trask sorting coefficient. Individuals were 
correctly assigned species level in 89.00% of cases (Fig. 8. A), while the 
species composition of sites was correctly classified in 96.6% of cases 
based primarily on the influences of depth and sediment sorting (Fig. 8. 
B). Since the latter CAP was based on assignment of species composition 
at locations, it may be more useful for insights about species distribu
tions for fisheries management. 

Our findings corroborate reports by Courtney (1997) that 

T. australiensis is the more abundant of the two species, comprising 65% 
of records in this survey. Our findings partially support Jones’ previous 
reports that depth and mean grain size are significantly different in the 
habitats of T. australiensis and T. parindicus (Jones, 2007). However, 
there was no evidence of complete exclusion of either species across 
habitats. Species’ distributions differed, but there was a considerable 
spatial overlap. In the Townsville survey, the numerically dominant 
species present shifts from T. parindicus to T. australiensis once depths 
exceed 27 m. Both species were found in the greatest frequencies in 
coarse sand which also contradicted previous reports that T. parindicus 
primarily exploit mud dominant sediments (Jones, 1988). Jones re
ported that depth and grain size were the key factors driving differences 
in species distributions, however this study found sediment sorting was 
also particularly important. Sediment sorting is determined by 

Fig. 6. Frequency distributions of Moreton Bay bugs (Thenus spp.) across sediment mean grain size per sample site organized by Wentworth grain size classification.  

Fig. 7. Frequency distribution of Moreton Bay bugs (Thenus spp.) from the Townsville trawling region across sediment A) sediment sorting (Trask sorting coefficient) 
in increments of 1 ⌀unit, B) calcium carbonate content by increments of 5%. 
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environmental factors, primarily energy. Poorly sorted sediments indi
cate areas subject to irregular flow conditions or disturbance events. 
This study found T. parindicus preferred poorly sorted sediments (values 
> 4.5 ⌀ units) situated closer to the coast in shallower waters. In these 
waters, benthic substrate may be more heavily impacted by intermittent 

coastal storms and wave action, compared to deeper, offshore sediments 
where ancient processes likely influenced the well sorted sediments 
observed (between 1–3.5 ⌀ units). Sediment Trask sorting value has 
been linked to distribution patterns in other crustaceans. A study on 
juvenile horseshoe crabs, Tachypleus tridentatus, found that distribution 

Fig. 8. CAP ordination plot of A) each Thenus individual recorded in a survey of the Townsville trawling region with colors indicating species and B) each site of the 
Townsville survey with composition of Thenus spp. and habitat variables, classified by species. Colors indicated species present at the site. Ellipses show standard 
deviation of each group. 
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increased with sediment Trask sorting coefficient. For Chinese horse
shoe crabs, larger individuals were found more frequently in poorly 
sorted sediments farther offshore compared to smaller individuals (Chen 
et al., 2015). 

Our findings on Thenus species habitat preferences will be used to 
inform modelling at broader spatial scales to inform stock assessment in 
Queensland. For this purpose, it is critical to know which habitats are 
suitable for each species based on environmental variables like those 
discussed herein (i.e., depth and sediment properties). Based on these 
variables, it may be possible to model the distributions of the two Thenus 
species over large areas (i.e., the entire east coast of Queensland) and 
thus differentiate the species in the logbook catch records based on catch 
locations. When supplemented with further studies and exploration of 
additional habitat factors, this will be valuable for assessing long term 
trends in catch rates of both species. Additional surveys aimed at Thenus 
spp. assessments should be conducted along more of the Queensland 
coast to get additional data on how Thenus spp. distributions change 
based on habitat availability. This will provide more information about 
potentially influential habitat factors and ecology, the population dy
namics of each species, and allow for improved predictive modelling of 
the fishery. Thenus spp. surveys of mud-dominated basins farther north 
on the Queensland coast, and gravel-dominated regions will provide a 
full scope of how grain size relates to the distributions of both Thenus 
spp.. This insight can give a basis for conclusions of the species’ habitat 
preferences. Additionally, a survey of Thenus populations and associated 
sediment in marine protected areas (MPA) could provide information on 
the effects of fishing closures on Thenus populations. Pitcher et al. (2007) 
reported that around half of the biomass of each species may be in MPAs 
inside the GBRMP. It is possible that the distributions across sediment 
types observed in this survey are significantly influenced by trawling 
activity, and density patterns are also influenced by variations in fishing 
effort. Species distribution could present differently in areas impervious 
to frequent habitat disturbance caused by trawling. In these future 
studies, deeper analysis of sediment composition should be explored to 
understand these animals’ relationship with their habitat more fully. 
Evaluating organic content and other compositional factors could show 
trends in distribution related to food availability, trophic dynamics, and 
other factors we were unable to investigate in this study. 
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