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BIODIVERSITY AND DEGRADATION OF ESTUARIES IN NORTH-
WESTERN TASMANIA 

 
A. Hirst, R. Kilpatrick, R. Mount, M. Guest and C. Crawford 

 

Summary 
 
Water quality and biological data was collected from four tide-dominated river estuaries 
indicative of catchments with varying levels of human impacts to: 1) assess draft indicator 
levels for water quality, and 2) investigate biological indicators of estuarine health in NW 
Tasmania. The design utilised, broadly contrasts estuaries within catchments relatively free 
of human impacts (Black and Detention Rivers) with estuaries situated within more 
degraded catchments (Duck and Montagu Rivers). The Duck and Montagu Rivers are 
typical of many river catchments in this region in that their catchments have become highly 
modified through the clearance of native vegetation and subsequent replacement with 
intensive agriculture. Moreover, nutrient loadings for these two catchments are amongst 
the highest recorded for Tasmanian rivers. 
  
Estuaries were compared using a spatially stratified design incorporating variation in water 
quality and biological parameters along a gradient encompassing the lowest to upper 
reaches of the estuary. Each estuary was surveyed twice, initially in spring, following a 
period of greater river discharge, and then later in autumn, during a period of lower river 
flows, contrasting opposing conditions between seasons. Estuaries displayed distinct 
seasonal patterns in water quality, but not biological parameters. Salinity profiles differed 
between spring and autumn, corresponding with reduced freshwater input and greater tidal 
(marine) influence during autumn elevating overall salinities. Conversely, dissolved 
nitrogen and phosphorus concentrations and turbidity were higher in spring compared to 
autumn following a period of greater riverine influence. Nutrient concentrations and 
turbidity were typically higher in the upper reaches of the estuary, whilst salinity was 
lower. 
 
Nitrogen and phosphorous levels were highest in the Duck Bay/River estuary and lowest in 
the Black and Detention River estuaries. Contrary to what may have been anticipated on 
the basis of nutrient loadings calculated for the Montagu River catchment, dissolved 
nitrogen concentrations in the Montagu estuary were no higher than those recorded from 
the reference estuaries (Black and Detention), whilst dissolved phosphorous levels were 
only marginally higher. Nutrient levels recorded in the Black, Detention and Montagu 
estuaries, thus, fell within the range set out in the ANZECC guidelines for estuaries (10-
100 µg/L), whereas the median concentrations recorded from the Duck River estuary 
greatly exceeded this range (particularly in spring). The eventual fate of these nutrients is 
largely unknown, although it is suspected that the high tidal exchange characteristic of 
these estuaries, restricts the accumulation of both nutrients and phytoplankton, limiting the 
potential risk of eutrophication within these systems. 
 
The benthic invertebrate biota, however, relays a slightly different story about the status of 
these four estuaries. The acutest differences between estuaries were found between the 
upper reaches of the Black estuary and the Duck and Montagu estuaries. Sediments in the 
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upper reaches of the Duck and Montagu estuaries were organically enriched relative to 
those sampled from the Black estuary and supported dense populations of invertebrates 
dominated by only a few species. Two of these species, the suspension-feeding amphipod 
Paracorophium sp. and surface deposit-feeding polychaete Boccardia sp. were positively 
correlated with sediment organic carbon in this study, and are characteristic of organically 
enriched sediments. The structure of the invertebrate communities in the upper reaches of 
the Duck and Montagu estuaries is thus indicative of moderate levels of organic 
enrichment when contrasted with equivalent communities in the upper reaches of the Black 
estuary. However, the omission of sites representative of the upper reaches of the 
Detention River estuary diminished the strength of this comparative approach by limiting 
the number of reference estuaries to one (rather than a possible two). Invertebrate 
communities situated in the lower reaches of the estuaries did not appear to be impacted by 
human activities in any discernable way and we conclude that the lower parts of the Duck 
(Duck Bay) and Montagu (including Robbins Passage) estuaries are relatively healthy. 
 
The biological and water quality data, thus, portray differing stories about the health of the 
two “degraded” estuaries. On the basis of water quality criteria alone, one would conclude 
that water quality within the Montagu estuary is within acceptable limits when contrasted 
against the two reference estuaries. The biological sampling, however, suggests otherwise. 
Benthic invertebrate communities in the upper reaches of both the Duck and Montagu 
estuaries indicate high levels of organic enrichment of the sediments, reflecting a shift in 
invertebrate community structure toward one dominated by a range of opportunistic 
species adapted to organically enriched and stressed environments. Assessments based 
entirely on water quality measurements, in this instance, underestimated the level of human 
impact within the Montagu estuary. Consequently, we would recommend future 
monitoring of estuarine health in  NW Tasmania incorporate both rigorous water quality 
and biological sampling, with particular emphasis placed on the benthos in the upper 
reaches of estuaries – where the greatest impacts were identified in this study. 
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Introduction 
 
Previous assessments of the health of estuaries in NW Tasmania have been based largely 
on information about the condition of their catchments rather than direct assessment of 
their condition. While there is a strong precedence for this approach, particularly as 
estuarine systems are strongly influenced by human impacts emanating from within the 
catchment (e.g. increased nutrient and sediment loadings), the approach is presumptive and 
does not amount to direct evidence of the condition of the estuary per se. However, in the 
absence of appropriate data, it is a useful basis from which future investigations can be 
made. 
 
As part of a broad assessment of 111 estuaries across Tasmania, Edgar et al. (1999) 
identified estuaries of critical regional and conservation significance. This process 
identified estuaries that were 1) relatively free of human impacts, determined on the basis 
of a number of catchment-level or physical parameters, or in a sub-set of cases, biological 
data, and 2) representative of a range of estuary types (e.g. barred or tidal river estuaries, 
lagoons or drowned river valleys) within a number of Tasmanian bioregions. Estuaries 
were categorized as having either critical, high, moderate or low conservation significance 
on the basis of the above criteria. Estuaries assessed as having low conservation 
significance were further divided into those considered to be moderately or severely 
degraded (see Edgar et al. 1999 for specific criteria). 
 
A high proportion of estuaries in NW Tasmania were rated as either moderately or severely 
degraded. Against such a backdrop, the identification of estuaries that have high 
conservation significance is, thus, from a regional perspective, of paramount importance. 
The Black River estuary was assigned the highest conservation status in this region on the 
basis that it is the river estuary with its catchment least impacted by human activities (see 
Table 1 below). Disturbance Indices (derived from estuarine invertebrate species correlated 
with human impacts) generated for this and the adjacent, smaller Detention river estuary 
indicated that the biological communities sampled from these two estuaries were free of 
major human impacts (i.e. within the mid range of indices generated for Tasmania) (Edgar 
et al 1999). However, this was based on only limited sampling within these estuaries. 
Significantly, Edgar et al. (1999) considered the Detention river estuary to be of only 
moderate conservation value, probably on account of its relatively small size and the close 
proximity of the small town of Hellyer to the west. The two are representative of relatively 
healthy meso-tidal river estuaries within this region.  
 
By comparison estuaries with more heavily degraded catchments are more prevalent in this 
region. The Montagu and Duck (Bay) river estuaries, directly to the west of the Black 
river, are two such estuaries, in which a large proportion of the upper catchment have been 
cleared of native vegetation and the land utilised for agriculture (Green 2001). The 
Montagu and Duck river estuaries were assigned moderate and low conservation 
significance respectively, with the later rated as moderately degraded due to the state of its 
catchment (51% of the catchment has been cleared of native vegetation) and the proximity 
of the major township of Smithton. However importantly, no biological criteria were 
applied in this instance (e.g. Disturbance Indices) and neither the Duck or the Montagu 
estuaries were included in the broad geographical survey of estuarine invertebrate 
communities conducted by Edgar et al. (1999). Instead, evidence about the condition of 
these two estuaries comes from four other sources: 1) water quality data for Duck Bay 
collected in 1999/2000 as part of a state-wide assessment of estuarine water quality 
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(Murphy et al. 2003), 2) a consultancy on the state of Duck Bay marine environment 
prepared for the Circular Head council (CEE 1999), 3) water quality assessments for Duck 
Bay and the Montagu river performed by Tasmanian Shellfish Quality Assurance Program 
(TSQAP; Turnbull and Brown 2003); and 4) indirectly from the Tasmanian Department of 
Primary Industries, Water and Environment (DPIWE) State of Rivers Reporting that 
provides an assessment of the health of the Duck and Montagu River catchments (Pinto et 
al. 2003; Horner et al. 2003). 
 
Nitrate and turbidity levels recorded in Duck Bay by Murphy et al. (2003) were amongst 
the highest in the state. Median levels were far in excess of the ANZECC water quality 
guidelines established for estuaries and embayments (Murphy et al. 2003). Paradoxically 
chlorophyll a levels (i.e. proxy measure of phytoplankton) were low by Tasmanian 
standards, despite such high levels of nitrogen in the water column, suggesting that the risk 
of eutrophication within the Duck Bay system is relatively low. The Montagu river estuary 
was not included in this survey. The CEE study reported similarly high nitrate levels to 
those recorded by Murphy et al. (2003), although the levels drop-off substantially towards 
the entrance to the Bay. The CEE report emphasizes, that despite high nutrient loads, 
residence time within the Bay is likely to be short as a consequence of high tidal exchange. 
Recent increases in seagrass cover within the Bay (as measured by aerial photos) are 
suggestive, at least tentatively, of potential improvements in the condition of this estuary 
(CEE 1999).  
 
A third piece of evidence about the condition of both these estuaries comes from the 
Tasmanian Shellfish Quality Assurance Program (Turnbull and Brown 2003). This 
program has been monitoring water quality associated with oyster leases located in the 
lower parts of Duck Bay and Robbins Passage (directly adjoining the Montagu river) since 
1994. While water quality in these areas is considered good, faecal coliform concentrations 
of sufficient levels to interrupt shellfish harvesting, have been associated with flood events 
in both these estuaries.  
 
Finally, State of Rivers reporting indicates nutrient loads for both the Duck and Montagu 
river catchment are among the highest in the state. In fact, the nutrient load estimates for 
the Montagu catchment were the highest of any river so far investigated under the State of 
Rivers Program (Bobbi et al. 2003). Elevated nutrient export loads for both these 
catchments are probably caused by a combination of factors including high rainfall, 
intensive dairy farming and paddock drainage, discharges of effluent from dairy sheds and 
poor bank and river stabilisation caused by stock access and a lack of riparian buffering. 
Recent water quality monitoring by DPIWE using aquatic communities as part of the 
AUSRIVAS program indicated that the Duck River is in reasonably good health, while the 
Montagu river was considered to have average to poor health (DPIWE unpub. data). 
 
Thus, while a case can be constructed for the Duck River, at present there is insufficient 
information to make an informed initial assessment of the Montagu River estuary. 
However, initial categorization of this estuary as relatively undegraded (i.e. assigned 
moderate conservation status by Edgar et al. (1999)) appears somewhat premature. 
Although sparsely populated in comparison to the Duck River estuary catchment, the high 
nutrient loadings and poor condition of the Montagu River and its tributaries are of 
concern. Moreover, the proximity of the Montagu estuary to Robbins Passage and its 
potential impact on this system warrants further investigation. Concerns for Duck Bay on 
the other hand are well supported. The estuary flows directly through the township of 
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Smithton and receives high nutrient loads not just from the catchment, but also from urban 
and industrial runoff. Nutrient levels in the upper part of Duck Bay are extremely high 
(Murphy et al. 2002). The effects of these impacts appear to be at least partially 
ameliorated via tidal flushing and as a consequence water quality in the lower part of Duck 
Bay appears to be in reasonably good health (CEE 1999).  
 
This study aims to evaluate environmental conditions within each of the four estuaries 
through sampling of biotic and abiotic parameters in space (partitioned within estuaries) 
and time (between seasons). This information will be used in conjunction with other 
sources of information about the condition of the respective estuaries to make an 
assessment of the condition/health of the estuaries and will be of use both directly for 
management purposes and for the development of ongoing monitoring strategies.  

Scope of this study 
 
The aims of this study were to: 
 

1. Compare environmental conditions (water quality and biodiversity) of the Black 
and Detention with estuaries from less pristine catchments in the region (Duck and 
Montagu Rivers) to further assess draft indicator levels for water quality and to 
investigate biological indicators of estuarine health. 

 
2. Provide an assessment of the level of human impact among the Duck and Montagu 

estuaries using the Black and Detention estuaries as reference estuaries. 
 
3. Further assess the conservation significance of the four estuaries, particularly the 

Black River estuary. 
 
4. Provide detailed baseline data necessary for the development of estuarine protected 

areas (water quality, biodiversity and habitats) in the region. 
 

5. Provide maps of relevant habitats within the estuaries. 
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Description of the estuaries and their respective catchments 

Catchment-level summary statistics for the four estuaries targeted in this study are shown 
in Table 1. The four estuaries vary considerably in terms of their physical size, catchment 
population densities and % catchment cleared of native vegetation, though, the size of the 
catchment of the Black, Montagu and Duck rivers is roughly equivalent. The Black River 
estuary catchment appears the least influenced by human activities overall and was 
accorded the highest conservation classification of A. In comparison, the Duck river 
catchment is the most heavily modified of the four estuaries and its catchment contains the 
highest human population density and the greatest proportion cleared of native vegetation. 
This estuary was accordingly assigned the lowest conservation significance of the four 
estuaries considered here. The geographical location of the four estuaries is shown in Fig. 
1. 

Table 1. Conservation classification (as assigned by Edgar et al. 1999), estuary area, catchment 
area (CA) and the mean annual rainfall, human population density and % native vegetation cleared 
within each catchment. Source: Edgar et al. (1999)  

Estuary 
Edgar et al. 
(1999) class 

Est. Area 
(km2) CA (km2) 

Mean Ann 
Rainfall (mm) 

Pop. Density 
(km-2) 

% catch. 
cleared 

Black A 0.6 324 1267 1.81 13.3 
Detention C 0.5 152 1243 6.49 19.7 
Montagu C ≈15* 323 1156 3.46 23 

Duck Bay 
D - moderately 

degraded 22.3 339 1202 25.36 50.9 
*includes part of Robbins Passage 

 

Figure 1. The location of the four estuarine systems considered in this study. 

A brief description of the four estuaries and their respective catchments follows. 
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Black River 
 

 
 
Figure 2. Aerial view of the Black River estuary.  
 
The Black River estuary is a meso-tidal river estuary with a permanent marine 
opening/entrance. The estuary consists of a small v-shaped arm that deviates to the east of 
a central wooded peninsula. This arm is fed by a number of small feeder creeks. To the 
north of this peninsula is an area of intertidal sand flats that comprises a large part of the 
lower reaches of the estuary. The main river channel flows to the west of this peninsula. 
Inspection of the entrance over time (not shown) demonstrates high variability in the shape 
of the mouth and the position of the main channel. At the time of the project, the mouth 
consisted of a sand bar projecting to the southeast and parallel to the coast. 
 
The Black River catchment covers an area of approximately 320 km2. Forestry and 
agriculture are the main land uses in the catchment. There are no drainage or river 
improvement schemes within the area (Green 2001). DPIWE found that the freshwater 
aquatic invertebrate communities in the upper part of the catchment were healthy and 
classed the river as in excellent condition. Forestry Tasmania figures show there has been 
an increase in the area of the catchment cleared for forestry in the latter part of the last 
decade peaking at a high of 331 ha in 2004, however, this is part of a longer-term cyclical 
pattern in forest harvesting in this catchment (Forestry Tasmania unpub. data).  
 

N 
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Detention River 
 

  

Figure 3. Aerial view of the Detention River estuary. 

The Detention River estuary is a small meso-tidal river estuary with a permanent marine 
opening to Bass Strait (Fig. 3). Intertidal sand flats extend more than 1.5 km upstream from 
the mouth of the estuary, but are smaller in extent than those found in the lower reaches of 
the Black river estuary. The main river channel is diverted to the east by a sand bar that has 
formed at the mouth of the river. The small township of Hellyer borders the western shore 
of the lower estuary.  

The Detention catchment covers an area of approximately 150 km2. Forestry and 
agriculture are the primary land uses in the catchment (Green 2001). DPIWE assessments 
of freshwater invertebrate communities in the upper part of the catchment indicated that 
the Detention River was in excellent health (DPIWE unpub.data). Forestry Tasmania 
figures again show an increase in the area of catchment cleared for forestry in the latter 
part of the last decade, peaking at a high of 255 ha in 2003, although again Forestry 
Tasmania stress this is part of a longer-term cyclical pattern in forest harvesting in this 
catchment (Forestry Tasmania unpub. data). 
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Montagu River/Robbins Passage 

 

Figure 4. Aerial view of the Montagu River estuary and a section of Robbins Passage.  

One of the initial difficulties encountered by this investigation of the Montagu River 
estuary was deciding how far into Robbins Passage the estuary extends. Unlike the other 
three estuaries considered in this report, the lower extent of the Montagu estuary is not so 
clearly delineated. Estuaries are nominally defined as coastal systems influenced by 
freshwater to such extent that salinities range between marine (approx. 34 ppt) and 
brackish (approx. 5 ppt) conditions. Marine coastal systems on the other hand, with the 
exception of small variations, have uniform salinities. With this working definition in 
mind, salinity data from TSQAP monitoring sites was used to gauge the extent of the 
Montagu River’s estuarine influence (see Fig. 4). Even at a distance of 3.5 km from the 
mouth of the Montagu River, seasonal freshwater pulses and corresponding lows in the 
salinity were still readily detectable (Fig. 5b). For the purpose of this study we have 
defined the region adjacent to the mouth of the river as the lower part of the estuary, while 
marine sites were located to the east of Stony Point (see Figure 9). 

TSQAP 
sites 

Stony Pt 
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Figure 5. Salinity recorded at TSQAP monitoring sites located within Robbins Passage at a) 2.5 
km, and b) 3.5 km from the mouth of the Montagu River. The dashed line indicates marine 
conditions at approximately 36 ppt. Data source: TSQAP. 

Robbins Passage, situated between Robbins Island and the north coast of Tasmania, 
contains the largest area of intertidal sand- and mudflats in the State. These areas are 
considered important feeding areas and habitat for shorebird and migratory species. The 
Montagu River is an integral part of the Robbins Passage ecosystem and nutrient inputs 
from the river undoubtedly contribute to the overall productivity of this area.  

The Montagu River catchment is sparsely populated with agriculture and forestry the main 
land uses in the catchment. The only reserves in the catchment are forest reserves. High 
intensity agriculture occurs in some parts of the catchment, especially the Togari and 
Brittons drainage areas. Most of the tributaries on the Montagu River have been cleared 
and straightened and are utilised as drainage channels for neighbouring land (Green 2001). 
Water quality data collected as part of the State of the Rivers Program found nutrient and 
turbidity levels higher than the recommended ANZECC trigger levels (Bobbi et al. 2003). 
Dairy effluent containing high levels of nitrate, bacteria and fats is a significant problem 
affecting waterways in the catchment. Nutrient load estimates for the Montagu River 
catchment were the highest of any river so far investigated under the State of Rivers 
Program. Aquatic invertebrate communities sampled indicated waterways in this 
catchment were in poor to average health (Horner et al. 2003). 
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Duck River/Duck Bay 
 

 
 
Figure 6. Aerial view of Duck Bay and Duck River to the south. Also shown is the location of the 
Waste Water Treatment Plant (WWTP) and Kemps Bay. 
 
Duck Bay is a tidal bay that extends almost 9 km east-west, parallel to the coast, and is an 
average of 3 km from north to south. The area of the Bay is approximately 17,500 ha. The 
Bay is separated from Bass Strait by low sand dunes, which have a natural opening 
approximately 300 m wide in the middle of the north boundary of the Bay. The major 
freshwater input to the Bay is the Duck River which discharges into the southeast arm of 
the Duck Bay (Fig. 6). The town of Smithton is located on Duck Bay at the mouth of the 
river and has major food processing and dairy industries (CEE 1999).  
 
The CEE (1999) Duck Bay Marine Environment study identified three major sources of 
nutrient inputs into Duck Bay; the Pelican Point Waste Water Treatment Plant (WWTP) 
which discharges treated effluent directly into the southern arm of the Bay (Kemps Bay), 
diffuse run-off from the immediate drainage area and inputs from the river. CEE estimated 
that while inputs from the WWTP and the Duck River contributed equal levels of 
phosphorous to the Duck Bay system, river inputs were responsible for 10 times the 
nitrogen contributed by the WWTP. River input is, thus, the major source of nutrients into 
the Bay. 
 
  
 
 
 

WWTP 

Kemps 
Bay  
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Methods 
 
Each estuary was visited twice during the course of this study to measure a range of water 
quality parameters (nutrients, turbidity etc.) and sample estuarine biological assemblages 
(benthic invertebrates and fish). Estuaries were visited initially in late November/early 
December 2004, hereafter the spring sample, and then approximately four months later in 
early April 2005 (autumn sample). Estuaries were surveyed in spring (following greater 
river discharge during the winter months) and autumn (during a period of reduced 
freshwater input) in order to contrast opposing seasonal conditions.  
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Figure 7. Mean daily river discharge per month (±SE) for the Black, Duck and Montagu rivers 
during the period May 2004–April 2005. Spring (Nov/Dec. 2004) and autumn (April 2005) 
sampling events are indicated on the plots. No data is available for the Detention River. Data 
source: DPIWE.  
 
Rivers in the NW display distinctly seasonal patterns in river discharge with peak flow 
occurring during the winter months (June-September) and substantially reduced flows (i.e. 
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of an order of magnitude less than winter flows) over the summer months (December-
April) (Gurung and Dayaratne 2003). This pattern corresponds with seasonal rainfall in the 
region. River discharge in the three rivers (for which flow data was available) for the 
period of this study (2004/05) displayed a similar pattern. Peak flows occurred in early 
winter (June) and diminished steadily over the remainder of winter/spring to a period of 
low flow during summer and autumn up to and including the sampling period in April (Fig. 
7). No data is available for the Black River for February onwards, although the same trend 
is evident. Notably, while the water quality sampling in this study was undertaken during a 
period of low river flow in autumn, no corresponding data was available during the period 
of peak winter river flows. Instead, spring sampling was undertaken following a period of 
higher river discharge over the winter months. This study thus broadly contrasts estuaries 
dominated by riverine (freshwater) conditions in spring with greater tidal (marine) 
influence in autumn.  
 
Broad sampling design 
 
As tidal estuaries are typically ecoclinal environments exhibiting prominent gradients in 
water chemistry (particularly salinity) along their extent, estuaries were sampled along a 
gradient encompassing the lowest to upper reaches of the estuary. To this end, each estuary 
was sampled from its mouth (sea-estuary interface) to the uppermost reach of tidal 
influence that could be easily accessed from the shore or via a small boat. In practice, each 
estuary was split into four regions (marine, lower, mid and upper) on the basis of salinity, 
habitat (particularly the appearance of the benthos) and distance from the mouth. Within 
each estuary three sites were randomly assigned to each region, each separated by a 
distance of a few hundred metres (Fig. 8). The relative position and arrangement of the 
sites within each estuary is shown in Figure 9. GPS co-ordinates for each of the sites are 
listed in appendix 1. Identical sites were sampled in spring and autumn visits. 
 
 
Estuary Black  Detention  Duck  Montagu 
 
 
 
Region Marine  Lower   Mid  Upper 
 
 
 
Sites  1 2 3 
 
    ~200 m  
 
Figure 8. Diagram of sampling design dividing each estuary into four regions and three sites within 
each region (n = 12 sites per estuary). Water quality parameters were only collected at two sites 
(i.e. 1 and 3) within each region at high and low tides. 
 
This design enables direct comparison of water quality parameters and biotic communities 
over the total extent of the estuary (from marine/mouth to the upper reaches of the estuary). 
This is a more powerful approach than comparing a limited number of sites within each 
estuary, because differences between estuaries may be specific to regions within the 
estuary rather than apparent across the entire extent of the estuary. For example, there is 
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likely to be greater concordance between estuaries in terms of water quality parameters at 
the mouth and in the lower sections of the estuary where marine conditions prevail than in 
the upper reaches.  

  
 

 

 
 

Figure 9. Location of sites within Black, Detention, Duck Bay and Montagu River (including 
section of Robbins Passage) estuaries. MR – marine; LOW – lower; M – mid; and UP – upper sites 
 
Physico-chemical characteristics and water quality  
 
Water quality within each of the four estuaries was measured at the first and third site 
within each region – a subset of 8 out of a total of 12 designated sites per estuary (see Fig. 
8). During each visit water quality parameters were measured at high and low tide, within 
the same 24 hour period, to examine the extent to which these parameters varied between 
tides. At high tide, tidal river estuaries are generally dominated by marine conditions as the 
tide flows in and up the estuary. By comparison at low tide these estuaries are influenced 
to a greater extent by river flows, thus it could be anticipated that the tidal phase at which 
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samples are collected will affect the outcome of the water quality testing. Clearly water 
quality sampling needs to be standardized in some way, however, the relative merits of 
sampling at high or low tide have rarely been considered. 
 
The water quality parameters measured in this study were: 
• Salinity (ppt) 
• Dissolved oxygen concentrations (%DO) 
• Turbidity (NTU) 
• Dissolved nutrients including ammonia, nitrate, nitrite and reactive phosphorous 

(µg/l).  
 
Water quality measurements were made mid channel (i.e. equidistant from either bank) 
within surface waters <30 cm. Salinity, DO and turbidity were measured in the field using 
meters. Nutrient levels were determined later in the lab from water samples collected in 
the field. Dissolved nutrients were collected and analysed using standard protocols by 
Analytical Services Tasmania. 
 
Benthic macroinvertebrates 
 
The diversity and composition of the soft sediment invertebrate fauna in each estuary was 
determined using replicated sediment cores collected at each site. All sampling was 
undertaken at low tide using methods comparable to those utilised by Edgar et al. (1999). 
At each site five sediment cores (diameter = 150 mm, depth = 100 mm) were collected 
from subtidal sediments using a rough transect (spanning from the low tide mark to a depth 
of 0.7 m where applicable) as a guide. Cores were collected at 0.0, 0.1, 0.2, 0.3 and 0.7 m 
depths. Cores were sieved through a 1.0 mm sieve in the field and the portion retained was 
fixed in 10% buffered formalin. Invertebrate taxa were identified to species, where 
possible, and counted.  
 
Salinity, dissolved oxygen and turbidity were recorded for the bottom waters overlying the 
area of benthos sampled (probes were generally placed on the sedimnent). Sediments from 
each site were collected using five 30 cm diameter cores (corresponding with the 5 
biological sediment samples collected), and the sediments amalgamated. In the laboratory, 
sediment particle size-distribution was determined by wet sieving samples through a nested 
series of sieves (0.63, 0.125, 0.25, 0.5, 1, 2 and 4 mm mesh size). The sediments retained 
by different sieves were weighed after drying at 50° C. The proportion of fine particulates 
<0.63 mm that passed through the final sieve was calculated by subtracting the total weight 
of sediments retained on the nested sieves from the initial dried weight of the sediment 
sample. Sieve fractions were expressed as a % of the total sediment sample. Organic 
carbon content of the sediments was calculated by loss of organic carbon on ignition at 
500° C. Sediments were first treated with 1M hydrochloric acid to remove inorganic 
carbon in the form of carbonates prior to combustion. 
 
Fish biodiversity 
 
Limited fish sampling was conducted in spring, and only in the lower reaches of the 
estuaries. Demersal fish assemblages were sampled using a standard 3 x 35 mm beach 
seine, with 13 mm mesh size. This precluded sampling in the mid and upper regions of the 
estuaries due to the size of the net and the restricted nature of the benthic habitats among 
these sites. Captured fish were identified, counted and then released.  
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Data analysis 
 
The main analytical focus of this study was to compare estuaries in terms of water quality, 
nutrient status and their respective biological communities. In particular, the Black and 
Detention estuaries – those considered least impacted by human activities – were 
contrasted with the more heavily impacted Duck and Montagu estuaries. In addition, these 
comparisons were made across seasons (spring and autumn), between four regions within 
each estuary (representative of the upper, mid, lower and marine parts of the estuaries) and 
in the case of the water quality measurements between high and low tide. Thus, the 
analytical framework incorporates four main factors: estuary (n = 4), season (n = 2), region 
(n = 4) and in the case of the water quality data, tide (n = 2).  
 
Water quality data 
 
Three-way Analysis of Variance (ANOVA) was used to test for differences between 
estuaries, seasons and tides. As there was only a single water quality measurement taken at 
each site, water quality records were pooled within estuaries (effectively acting as 
replicates, n = 8), hence dropping region from the analysis and simplifying the design. 
Differences between estuaries were identified using Tukeys post-hoc tests comparing 
individual estuaries. This test adjusts for the type 1 error (i.e. finding a significant result 
through chance) that accompanies 9 combinations of estuary-by-estuary comparisons. 
Where estuaries were determined to differ from one another the direction of these 
differences is indicated for each water quality parameter. Data transformations (usually 
loge transformations) were applied, where necessary, to comply with the assumptions of 
ANOVA (i.e. data fits normal distribution). 
 
Sediment data 
 
In the case of sediment measurements such as mean particle size and % sediment organic 
carbon, tide was replaced with region, allowing the comparison of estuaries, seasons and 
regions within a 3-way factorial design.  
 
Multivariate description of the sites on the basis of the eight particle size categories 
(fractions) was performed using Principal Components Analysis (PCA). PCA is a 
statistical method of examining correlations between a large number of variables (size 
categories in this case) by grouping the variables into “principal components” so that 
variables within each component are more highly correlated with variables in that 
component than with variables in other components. The relations inherent between a large 
number of variables can often adequately be summarised in only a small number of 
components.  
 
Invertebrate community data  
  
Summary measures of invertebrate community structure such as total number of species 
(species richness) and total invertebrate abundance were analysed using a combination of 
ANOVA designs. Initially (see results), seasonal data were analysed independently in 
order to describe patterns within and between estuaries. In these instances, replicates were 
pooled within sites and analysed using 2-way ANOVA testing for differences between 
estuaries and regions. Where replicate measures within sites were used (n = 5), sites were 
nested within regions (i.e. sites are unique and not interchangeable between regions). 
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Seasonal comparisons between estuaries and regions were analysed using 3-way ANOVA 
with an emphasis on seasonal, rather than estuary and regional, differences. 
 
Invertebrate community composition 
 
Similarity-based multivariate statistical techniques provide a more powerful means of 
measuring change in invertebrate structure across estuaries because data for each 
individual species is retained in the analysis. A full description of these methods is 
available in Clarke and Warwick (2001). Briefly, species by sample records were used to 
generate a measure of similarity between all combinations of samples resulting in a 
triangular matrix. The Bray-Curtis index of similarity – the standard similarity measure 
used for ecological data due to its ability to deal with large number of zeros that typify 
community-level data – was used to measure similarity between samples. The index 
measures similarity between samples in terms of the composition of species (species 
shared) and their relative frequencies. Square-root data transformations were applied in this 
instance to reduce the overall influence of very abundant species in the analysis, rather 
than to meet the assumptions of any statistical tests. Such transformations are standard 
practise. 
 
Similarity between sites was represented in two-dimensions using non-metric 
multidimensional scaling (MDS) ordination in the PRIMER software package. The degree 
to which the multidimensional patterns inherent in the original similarity matrix can be 
adequately summarized in two-dimensions is given by the stress value. Stress values <0.15 
are considered to provide a reasonable representation of the original data. The position of 
the estuaries and regions was superimposed onto the MDS ordination plots to aid 
interpretation. The presence of possible groups amongst the data was explored using 
group-averaging cluster analysis in PRIMER. 
 
It is important to remember that ordination and cluster techniques are not statistical tests, 
but simply means of graphically representing the sample similarity relationships inherent 
in the underlying triangular similarity matrix. Valid statistical comparison of groups 
instead requires the incorporation of a null hypothesis (i.e. no difference in community 
composition between groups) similar to those utilised in ANOVA tests. The multivariate 
equivalent of ANOVA is called Analysis of Similarity (ANOSIM). This test utilises the 
corresponding rank similarities between samples to contrast differences between groups 
with differences among samples within groups. The significance of the ANOSIM test 
statistic R is tested using a randomisation test in which the R statistic is computed 
following the random reassignment of the sample labels to the original similarity matrix 
999 times (i.e. n = 999 permutations). Differences between groups are considered to be 
significant (i.e. unlikely to be the result of chance alone) if test statistic is greater than 95% 
of the R-statistics generated in the randomisation test (i.e. significant at p<0.05).  
Combinations of one-way and two-way ANOSIM tests were used to examine differences 
in community composition between estuaries, regions and seasons (see results for more 
details).  
 
Correlations between invertebrate community structure and abiotic variables were 
examined using the BIOENV routine in PRIMER. BIOENV computes the Spearman rank 
correlation between the ranked distances between pairs of sites inherent in the similarity 
matrix and the abiotic data. A permutation test was again used to test the significance of 
the correlation coefficient (n = 999 permutations). 
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Habitat mapping 
 
The habitats of the four estuaries will be mapped using standard habitat mapping 
techniques developed at TAFI. This comprises an initial assessment of existing aerial 
photographs followed by field surveys to ground truth photographs. 
 
Photographs of sufficient quality to identify images suitable for mapping were scanned and 
images geo-referenced to the Land Information Services Tasmania 1:25 000 coastline data 
sets. These images were used to establish digitised habitat boundaries from which overall 
habitat areas were extracted using ArcMAP 9.0 GIS software. On-ground verification of 
habitats in the field was conducted using underwater digital video transects linked to a 
Global Positioning System (GPS) to differentiate between different substrate types. Depth 
was estimated in places using an acoustic single-beam echo sounder. Sediment cores 
collected during the benthic sampling phase of this study were used to help identify 
sediment substrate types. Habitat types were classified according to the scheme developed 
as part of the SeaMap Tasmania project (e.g. sand, silt, seagrass, reef etc). For further 
details refer to http://www.utas.edu.au/tafi/seamap/index.htm. 
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Results 
 

Water quality: Differences between estuaries, tides and seasons 
 
Physico-chemical parameters 
 
Salinity 
 
Surface salinity profiles within the four estuaries varied significantly between tides (high 
or low) and seasons (spring or autumn sampling) (Table 2). Salinity was consistently 
higher on a high tide. This is presumably due to the tidal incursion of more saline marine 
waters into the estuaries (Fig. 10). Salinities were also significantly higher in autumn 
compared to spring, although the magnitude of this difference varied between estuaries 
(hence the interaction between estuary and season). While clear seasonal differences in 
salinity between seasons are visible for the Black and Detention Rivers, the differences are 
much less clear for the Duck and Montagu rivers. In general the Duck and Montagu River 
estuaries displayed a clear gradient of decreasing salinity (from marine to upper sites) for 
both spring and autumn samples (Spring: Duck r2= 0.73, p<0.001; Montagu r2=0.82, 
p<0.001; Autumn: Duck r2=0.58, p<0.001; Montagu r2=0.51, p=0.002). In contrast the 
Black River estuary only exhibited a detectable gradient during spring (r2=0.59, p<0.001). 
No gradient was detectable for the Detention River sites. One could surmise that the 
smaller Black and Detention River estuaries are subject to greater variation in salinity as a 
consequence of tidal (daily) and seasonal influences.    
 
Table 2. Summary of three-way ANOVA test exploring differences in salinity between the four 
estuaries, tides (high or low tide) and seasons (spring or autumn). P is only shown for significant 
factors and interactions. Also shown is the form and direction of significant differences between 
estuaries highlighted by post-hoc Tukey pairwise comparisons (i.e. where estuary <0.05; Du – 
Duck R., M – Montagu R., Bl – Black R. and Dn – Detention R.). 
Factor P Post-hoc comparison 
Estuary ns  
Season <0.001 SPR>AUT* 
Tide <0.001 HT>LT 
Estuary*Season <0.001  
Estuary*Tide ns  
Tide*Season ns  
Estuary*Tide*Season ns  
*not easily interpretable due to interaction b/w estuary*season  
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Figure 10. Plots displaying trends in salinity along a downstream gradient within each of the four 
estuaries; at high and low tide; and for water samples collected in Dec. 2004 (Spring) and April 
2005 (Autumn). Sites are ordered from the lower to upper reaches of the estuary (refer to sampling 
design; 1-8 respectively). 
 
 
 
Dissolved oxygen concentrations 
 
Dissolved oxygen concentrations varied significantly between tides and estuaries. 
However, the presence of a number of interactions between tide, season and estuary limits 
interpretation (Table 3, Fig. 11). The post-hoc tests indicated that DO concentrations were 
generally highest in the Black river estuary and lowest in the Duck estuary, although this 
conclusion should be treated with caution due to the range of interactions present. Only the 
Duck river estuary displayed a clear downstream gradient in DO concentrations (Spr: 
r2=0.69, p<0.001; Aut: r2=0.76, p<0.001); and in this respect the upper estuary sites 
recorded concentrations below those considered healthy for aquatic life (see Fig. 11). 
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Table 3. Summary of three-way ANOVA test exploring differences in DO concentrations between 
the four estuaries, tides (high or low tide) and seasons (spring or autumn). P is only shown for 
significant factors and interactions. Also shown is the form and direction of significant differences 
between estuaries highlighted by post-hoc Tukey pairwise comparisons (i.e. where estuary <0.05; 
Du – Duck R., M – Montagu R., Bl – Black R. and Dn – Detention R.).  
Factor P Post-hoc comparisons 
Estuary <0.001 Bl>Dn, Du, M; Dn, M>Du 
Season ns  
Tide <0.001 HT>LT 
Estuary*Season <0.001  
Estuary*Tide <0.001  
Tide*Season ns  
Estuary*Tide*Season <0.001  
 
 

0 1 2 3 4 5 6 7 8 9
Site order

50

70

90

110

130

150

%
 D

O
 s

at
ur

at
io

n

Black R.

0 1 2 3 4 5 6 7 8 9
Site order

50

70

90

110

130

150

%
 D

O
 s

at
ur

at
io

n

Detention R.

 

0 1 2 3 4 5 6 7 8 9
Site order

50

70

90

110

130

150

%
 D

O
 s

at
ur

at
io

n

Duck Bay/Duck R.

0 1 2 3 4 5 6 7 8 9
Site order

50

70

90

110

130

150

%
 D

O
 s

at
ur

at
io

n

Spring - LT
Spring - HT
Autumn - LT
Autumn - HT

Robbins Passage/Montagu R.

 
Figure 11. Plots displaying trends in dissolved oxygen concentrations along a downstream gradient 
within each of the four estuaries; at high and low tide; and for water samples collected in Dec. 2004 
(Spring) and April 2005 (Autumn). Sites are ordered from the lower to upper reaches of the estuary 
(refer to sampling design). The limit line at 70% indicates the point at which DO concentrations 
may become a potential stressor for aquatic life (i.e. fish). 
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Turbidity 
 
Turbidity levels within estuaries varied significantly between estuaries, seasons and tides 
(Table 4). Turbidity levels were higher on low compared to high tides across all estuaries 
and seasons. Equally, turbidity levels were higher in spring than autumn, although this 
pattern varied between estuaries (i.e. this pattern is clear for the Black, Duck and Montagu 
Rivers, but not the Detention River) (Fig. 12). This is borne-out by the significant 
interaction between season and estuary in this context (see Table 4). In general the post-
hoc comparisons indicated that turbidity levels were highest in the Duck, followed by the 
Montagu, Black and Detention river estuaries (note the differences in scale on the Y axis). 
Prominent gradients in turbidity are evident for Black, Duck and Montagu rivers regardless 
of the season sampled (Spr: Black r2=0.38, p<0.001; Duck r2=0.71, p<0.001; Montagu 
r2=0.64, p<0.001; Aut: Black r2=0.45, p<0.001; Duck r2=0.50, p<0.002; Montagu r2=0.63, 
p<0.001). These results suggest that turbidity levels within the four estuaries are a function 
of a) the tidal cycle (i.e. marine waters tend to be less turbid than riverine waters, pers. 
obs.), and b) the influence of seasonal riverine inputs (i.e. higher river flows and run-off in 
winter leading to increased sediment loads). 
 
Table 4. Summary of three-way ANOVA test exploring differences in log10 transformed turbidity 
levels between the four estuaries, tides (high or low tide) and seasons (spring or autumn). P is only 
shown for significant factors and interactions. Also shown is the form and direction of significant 
differences between estuaries highlighted by post-hoc Tukey pairwise comparisons (i.e. where 
estuary <0.05; Du – Duck R., M – Montagu R., Bl – Black R. and Dn – Detention R.). 
Factor P Post-hoc comparisons 
Estuary <0.001 Du>Bl, Dn; M>Dn 
Season <0.001  
Tide <0.001 LT>HT 
Estuary*Season <0.001  
Estuary*Tide ns  
Tide*Season ns  
Estuary*Tide*Season ns  
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Figure 12. Plots displaying trends in turbidity levels along a downstream gradient within each of 
the four estuaries; at high and low tide; and for water samples collected in Dec. 2004 (Spring) and 
April 2005 (Autumn). Sites are ordered from the lower to upper reaches of the estuary (refer to 
sampling design). Note differences in the scale of the Y-axis between estuaries. 
 
Nutrient levels 
 
Ammonia (NH3)  
 
Dissolved ammonia concentrations varied significantly between seasons, tides and between 
the Duck and Montagu river estuaries (Table 5). In general ammonia concentrations were 
higher in spring than autumn (Fig. 13), although the magnitude of these differences 
differed between estuaries (hence the estuary by season interaction) and to a lesser extent 
between tides (season*tide interaction). A tidal effect was only apparent in spring when 
ammonia levels were comparatively higher. In autumn ammonia levels were universally 
lower regardless of the tidal phase. Post-hoc tests indicated that ammonia levels in the 
Duck estuary were significantly higher than the Montagu River (p=0.023). No other 
differences between estuaries were detected. A downstream gradient in ammonia 
concentrations was only evident for Montagu estuary in spring (r2=0.28, p=0.035).  
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Table 5. Summary of three-way ANOVA test exploring differences in loge(x+1) transformed NH3 

levels between the four estuaries, tides (high or low tide) and seasons (spring or autumn). P is only 
shown for significant factors and interactions. Also shown is the form and direction of significant 
differences between estuaries highlighted by post-hoc Tukey pairwise comparisons (i.e. where 
estuary <0.05; Du – Duck R., M – Montagu R., Bl – Black R. and Dn – Detention R.).   
Factors P Post-hoc comparisons 
Estuary 0.023 Du>M 
Season      <0.001 Spr>Aut 
Tide 0.001  
Est*Season 0.003  
Est*Tide ns  
Tide*Season 0.037  
Est*Tide*Season ns  
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Figure 13. Plots displaying trends in ammonia (NH3) levels along a downstream gradient within 
each of the four estuaries; at high and low tide; and for water samples collected in Dec. 2004 
(Spring) and April 2005 (Autumn). Sites are ordered from the lower to upper reaches of the estuary 
(refer to sampling design). 
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Nitrates + Nitrites (NOX) 
 
Dissolved NOx levels measured in the course of this study differed significantly between 
estuaries, seasons and tides (Table 6). As with ammonia, NOX levels were higher in spring 
than autumn; and invariably higher on a low compared to a high tide (Fig. 14). NOx levels 
were highest in the Duck river estuary and lowest in the Detention and Montagu rivers (see 
post-hoc tests). Statistically significant downstream gradients in NOX levels were apparent 
for only the Duck and Montagu rivers (Spr: Duck r2=0.64, p<0.001, Montagu r2=0.73, 
p<0.001; Aut: Duck r2=0.35, p=0.015, Montagu r2=0.25, p=0.048). The gradients appear to 
be stronger in spring. 
 
Table 6. Summary of three-way ANOVA test exploring differences in loge(x+1) transformed NOX  

levels between the four estuaries, tides (high or low tide) and seasons (spring or autumn). P is only 
shown for significant factors and interactions. Also shown is the form and direction of significant 
differences between estuaries highlighted by post-hoc Tukey pairwise comparisons (i.e. where 
estuary <0.05; Du – Duck R., M – Montagu R., Bl – Black R. and Dn – Detention R.).  
Factor P Post-hoc comparisons 
Estuary <0.001 Du>Bl, Dn, M; Bl>Dn, M 
Season <0.001  
Tide  <0.001  
Est*Season ns  
Est*Tide ns  
Tide*Season ns  
Est*Tide*Season  0.012  
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Figure 14. Profiles displaying trends in NOx-N (Nitrates and Nitrites) along a downstream gradient 
within each of the four estuaries at high and low tide and for water samples collected in Dec. 2004 
(Spring) and April 2005 (Autumn). Sites are ordered from the lower to upper reaches of the estuary 
(see sampling design). 
 
 
Dissolved reactive phosphorous  
 
Dissolved reactive phosphorous (DRP) levels differed significantly between estuaries and 
seasons (Table 7). Differences between high and low tide were only marginally significant 
(i.e. p = 0.037). As with dissolved forms of nitrogen, dissolved reactive phosphorous levels 
were significantly higher in spring than autumn (Fig. 15), although, in this case, this is 
more easily interpretable because there are no interactions between season and the other 
factors. The post-hoc tests contrasting differences between estuaries indicated that DRP 
levels were highest in the Duck and Montagu rivers. In this respect the Duck and Montagu 
rivers had significantly higher DRP levels than the Black and Detention rivers. Moreover,  
DRP levels in the Duck were higher than those recorded in the Montagu river. A 
downstream gradient in DRP levels was only evident for the Duck estuary during spring 
(r2=0.41, p=0.007).  
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Table 7. Summary of three-way ANOVA test exploring differences in  log10(x+1) transformed 
dissolved reactive phosphorous levels between the four estuaries, tides (high or low tide) and 
seasons (spring or autumn). P is only shown for significant factors and interactions. Also shown is 
the form and direction of significant differences between estuaries highlighted by post-hoc Tukey 
pairwise comparisons (i.e. where estuary <0.05; Du – Duck R., M – Montagu R., Bl – Black R. and 
Dn – Detention R.). 
Factor P Post-hoc comparisons 
Estuary <0.001 Du, M>Bl, Dn;  Du>M 
Season <0.001 Spr>Aut 
Tide 0.037  
Est*Season ns  
Est*Tide 0.004  
Tide*Season ns  
Est*Tide*Season ns  
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Figure 15. Profiles displaying trends in Dissolved reactive Phosphorous along a downstream 
gradient within each of the four estuaries, at high and low tide, and for water samples collected in 
Dec. 2004 (Spring) and April 2005 (Autumn). Sites are ordered from the lower to upper reaches of 
the estuary (see sampling design). 
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Nutrient summary 
 
Three consistent trends emerged from the analysis of the nutrient data. These were:  
 

1. Nutrient levels were higher during spring than autumn. This is presumably the 
result of greater riverine influence within the estuaries, and hence net terrestrial 
nutrient input, preceding the spring sampling event.  

 
2. Nutrient levels tended to be higher on low compared to high tides. This was most 

apparent when nutrients levels were higher in spring and flooding marine, tidal 
waters were lower in nutrients compared to riverine waters. This finding has 
obvious, but important implications for the design of nutrient sampling programs. It 
suggests that in order to detect maximum nutrients levels in estuaries, researchers 
need to collect water samples at low tide. 

 
3. There were few consistent patterns between the four estuaries in terms of nutrient 

levels. However, two general points can be made. Nutrient levels were generally 
highest for the Duck River estuary and lowest for the Black and Detention Rivers. 
The Montagu River, contrary to initial expectations, did not have unusually high 
levels of dissolved nitrogen forms – and could not be statistically distinguished 
from the Black and Detention Rivers.  

 

Sediments 
 
Particle size 
 
Each of the estuaries was dominated by fine sands (sediments within the range of 0.125-
0.25 mm), to the extent that sediments at over 70% of sites comprised in excess of 50% 
fine sands by weight. Multivariate description of the sites on the basis of the eight particle 
size categories using Principal Components Analysis (PCA) showed a similar pattern for 
sediment cores collected during the spring and autumn surveys (Fig. 16). Overall, PCA 
demonstrated two major gradients in terms of sediment structure amongst sites. These 
gradients are illustrated on the first two PCA axes (cumulatively explaining 82% and 72% 
of the total variance in the spring and autumn sediment data, respectively). The first PCA 
axis relates the separation of a handful of sites containing a high relative proportion of 
courser particles (>1mm) from the vast majority of sites dominated by finer particles (i.e. 
<0.25mm). The second PCA axis illustrates the separation of marine and lower sites 
dominated solely by fine sands from mid and upper sites containing a greater mix of sand 
and finer particles <0.125 mm.  
 
The presence of mid and upper sites from the Detention estuary within the predominantly 
marine-lower cluster of sites, indicates that these sites were improperly classified as mid 
and upper during this survey, but are likely be lower estuarine in nature (the benthic 
invertebrate data indicates likewise – see below).  
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Figure 16. Principal component axes 1 and 2 showing the position of sites from the marine, lower, 
mid and upper regions of the four estuaries surveyed in spring and autumn.  
 
Parameters used to describe the sediments sampled in this study included mean particle 
size, standard deviation of the mean (measure of the degree of particle size heterogeneity = 
cf. sorting coefficient), % organic carbon (%OC), site scores for PCA axes 1 and 2 (shown 
and described above) and % silt/clay fraction (i.e. >0.063mm). Overall mean sediment 
particle size varied little between estuaries and regions (Fig. 17).        
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Figure 17. Plots displaying the mean (±SE) of the mean particle size of sediments collected at sites 
sampled from four regions within each estuary during spring 2004 and autumn 2005. 
 
 
Sediment organic carbon 
 
Organic carbon content was higher among mid and upper sediments than lower and marine 
sediments (Table 8, Figs 18). The clear exception to this pattern was among mid and upper 
sites within the Detention estuary, although see remarks above, regarding misclassification 
of these sites. In addition to this general pattern, sediments from the Duck and Montagu 
estuaries contained higher organic carbon levels than the Black and Detention estuaries. 
This was particularly evident amongst the upper estuarine sites (hence the region by 
estuary interaction). There is no clear seasonal effect across estuaries, although levels do 
appear marginally higher and more variable in autumn for the Duck and Montagu 
estuaries. The interaction between estuary and region is in part a product of uniform levels 
of TOC across all regions within the Detention estuary. 
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Table 8. Summary of three-way ANOVA test exploring differences in % sediment organic carbon 
levels between seasons (spring or autumn), estuaries and regions (marine, lower, mid and upper). P 
is only shown for significant factors and interactions. Also shown is the form and direction of 
significant differences between estuaries highlighted by post-hoc Tukey pairwise comparisons (i.e. 
where P <0.05; Du – Duck R., M – Montagu R., Bl – Black R. and Dn – Detention R). 
Factor P Post-hoc comparisons 
Season ns  
Estuary <0.001 Du, M> Bl, Dn 
Region <0.001 Up, Mid > Low, Mr 
Season*Estuary ns  
Season*Region ns  
Estuary*Region 0.018  
Season*Estuary*Region ns  
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Figure 18. Plots displaying the mean (±SE bars) % organic carbon content of sediments at sites 
sampled from four regions within each estuary during spring 2004 and autumn 2005.  
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Benthic macroinvertebrate communities 
 
For ease of analysis and interpretation, the biological sampling conducted during this study 
has been split into its constituent seasonal components: spring and autumn. 
 
Spring: Macroinvertebrate diversity and abundance 
 
The simplest summary of benthic invertebrate community structure at a site can be 
represented by a) the number of species (diversity), and b) the total abundance of 
invertebrate animals (density) present. In spring the mean number of benthic invertebrate 
species collected at each site varied significantly between regions (p<0.001), but not 
between estuaries (p=0.069). Tukey’s post hoc tests revealed that these differences were 
driven by higher numbers of benthic invertebrate species among the lower and mid regions 
compared to the marine region (p<0.01). Benthic invertebrate abundance varied 
significantly between estuaries and regions (p<0.001), although a statistical interaction 
between these factors renders interpretation of these differences difficult. In general there 
is a trend of increasing abundance within the upper reaches of the estuary (Fig. 19). 
Invertebrate densities were highest among the upper reaches of the Duck and Montagu 
estuaries. 
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Figure 19. Plots displaying the mean (±SE bars) number of invertebrate species and individuals per 
site (n=5 sediment cores) for each of the estuaries and regions within estuaries during the spring 
2004 sample. 
 
 
Spring: Macroinvertebrate community composition 
 
The most common species encountered during the spring survey was the polychaete 
Nephtys spp. (38 out of 47 sites sampled). In the subsequent survey in autumn this genera 
was split into it constituent species N. australiensis and N. longipes of which the latter 
shows a more marine distribution (i.e. associated with the lower and marine parts of the 
estuary). The polychaete Scoloplos normalis and the bivalve Paphies erycinea were also 
common invertebrate species found in these estuaries (Table 9). A complete list of the 
invertebrate species collected in this survey is shown in appendix 2. 
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Table 9. Common species (occurred at > 9 sites) collected in the spring survey. Species are ranked 
by frequency of occurrence among sites (n = 47 sites). Fauna types: A – amphipod, B – bivalve, C 
– cumacean, D – decapod, G – gastropod, I – insect, and P – polychaete. 
 
Species Type Freq.  
Nephtys spp. P 38 
Scoloplos normalis P 28 
Paphies sp. B 27 
Paracorphium sp. A 22 
Arthritica semen B 21 
Nassarius spp. G 20 
Mictyris platycheles D 17 
Katelysia scalarina B 16 
Limnoporeia yarrague A 14 
Urohaustorius halei A 14 
Boccardia sp. P 13 
Capitellidae spp. P 13 
Dimorphostylus colefaxi C 11 
Gammaropsis sp. A A 11 
Chironomidae spp. I 10 
 
 
The clearest picture which emerges from the ordination of the benthic invertebrate data is 
one that conveys a downstream gradient in community structure rather than any obvious 
separation between estuaries (Fig. 20).The ordination portrays a single gradient of change 
in invertebrate species composition relaying change from the marine to upper reaches of 
the estuaries (i.e. right to left across the plot). Notably, mid and upper sites from the 
Detention estuary were found to overlap with the lower sites rather than the mid and upper 
site group to the left. This strongly suggests that these sites are of a lower rather upper 
estuarine origin and are not representative of the upper reaches of this estuary. The 
invertebrate communities can be split into two groups, broadly representing the upper and 
lower reaches of the estuaries, on the basis of faunal similarity between sites (using cluster 
analysis).  
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Figure 20. Two-dimensional MDS ordination plots displaying the relative position of invertebrate 
communities collected from marine, lower, mid and upper regions (superimposed on the MDS 
above) and the four estuaries (below) in two-dimensional space. The proximity of sites in two-
dimensional space indicates relative similarity in terms of invertebrate community composition. 
A reasonably clear downstream gradient is visible from left to right across the plot. Also shown are 
the upper and lower “groups” as determined using cluster analysis at a Bray-Curtis similarity cut-
off of 20%. 
 
Patterns within estuaries can be more easily visualised by plotting the estuaries and regions 
separately (Figs 21 and 22). In general upper and mid sites appear to cluster together more 
clearly, indicating overall greater similarity in species composition, while the lower and 
marine sites appear to be more disparate in structure (Fig. 21). Clear separation of upper 
(mid and upper) and lower (lower and marine) groups is visible for all estuaries except the 
Detention. 
 

Upper group 

Lower group 
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Figure 21. MDS ordinations for each of the four estuaries plotted separately displaying the relative 
position of regions in two-dimensions (stress = 0.12). 
 
When separated into regions each of the estuaries show distinct patterns of composition 
that for the most part do not overlap (Fig. 22). Montagu and Duck sites can be clearly 
delineated from the Black and Detention sites in the upper and mid parts of the estuary. 
Estuaries, however, are far less clearly separated in the lower and marine regions of the 
estuaries. 
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Figure 22. MDS ordinations for each of the four regions plotted separately displaying the relative 
position of estuaries in two-dimensions. (Stress = 0.12). 
 
Statistically these patterns can be summarised using analysis of similarity tests (2-way 
ANOSIM) comparing invertebrate communities between estuaries and regions (Tables 10 
and 11). Benthic invertebrate communities differed significantly between estuaries (Global 
R=0.614, p<0.001) and regions (Global R=0.654, p<0.001). The greatest differences were 
between the Detention and the Duck and Montagu estuaries (R = 0.78, P<0.001), although 
these differences are likely to be accentuated by the absence of ‘true’ mid and upper sites 
from the Detention estuary. All estuary comparisons were significant at p<0.008. The 
Duck and Montagu estuaries were the most alike in invertebrate community structure (R = 
0.48) when contrasted with the Black estuary (R = 0.60 and 0.63 with the Duck and 
Montagu, respectively). Pairwise comparisons between regions and estuaries were adjusted 
for type 1 errors using a Bonferroni correction to alpha (typically = = 0.05). 
 
Table 10. Triangular matrix of pairwise two-way ANOSIM contrasts between estuaries averaged 
across regions. Displayed is the R-statistic for each comparison. Values approaching 1.0 indicate 
increasing dissimilarity between estuaries. *differences significant at p<0.008 (Bonferroni 
corrected). 
 
 Black Detention Duck 
Detention 0.65*   
Duck 0.60* 0.78*  
Montagu 0.63* 0.77* 0.48* 
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All regions, except the lower and mid sections, supported statistically distinguishable 
invertebrate communities when compared across estuaries. The high R-statistics for the 
marine-upper and marine-mid indicate that the marine and mid and upper regions share 
few common species. 
 
Table 11. Triangular matrix of pairwise two-way ANOSIM contrasts between regions averaged 
across estuaries. Displayed is the R-statistic for each comparison. Values approaching 1.0 indicate 
increasing dissimilarity between regions. *differences significant at p<0.008. 
 
 Lower Mid Marine 
Mid 0.40   
Marine 0.66* 0.94*  
Upper 0.66* 0.52* 0.97* 
 
Patterns in invertebrate community structure can be summarised succinctly using the 
SIMPER (similarity percentage contribution) routine in PRIMER. To make this more 
informative I have split the estuaries into the two groups displayed in Figure 20 (i.e. upper 
and lower groups), in order to contrast sites within estuaries more effectively. Species that 
distinguished sites within the upper and lower groups are shown in Table 12. Invertebrate 
species which characterised the upper reaches of the estuaries included Paracorophium sp. 
(amphipod), Boccardia sp. (spionid polychaete), Arthritica semen (bivalve), Simplisetia 
aequisetis (nereid polychaete) and Boccardiella sp. (spionid polychaete). Conversely, the 
species Paphies erycinea (bivalve), Mictyris platycheles (soldier crab), Katelysia scalarina 
(bivalve), Urohaustorius halei (amphipod) and Hydrococcus brazieri (gastropod) were 
characteristic of the lower sites. 
 
Table 12. SIMPER (Similarity percentages) analysis displaying macroinvertebrate species that 
contributed significantly to differences between the lower and upper groups (as defined in Figure 
X). Species are ranked in terms of their contribution to dissimilarity between groups (i.e. % 
Dissim) Type: C – crustacean, M – mollusc, P – polychaete. Species indicative of the upper group 
are shown in bold. 
Species Type Feeding group Mean abund.per site % Dissim. 
   Upper Lower  
Paracorphium sp. C Suspension-feeder 392.5 0.2 31.6 
Paphies sp. M - 2.3 54.6 11.5 
Boccardia sp. P Deposit-feeder 38.2 0.0 6.7 
Arthritica semen M - 18.2 0.5 5.5 
Mictyris platycheles C - 0.3 7.1 3.9 
Simplisetia aequisetis P Deposit-feeder 8.9 0.1 2.6 
Scoloplos normalis P Deposit-feeder 3.0 1.8 2.4 
Nassarius spp. M - 0.4 2.3 2.3 
Katelysia scalarina M Filter-feeder 0.8 3.5 2.2 
Gammaropsis sp. A C - 3.5 0.3 2.1 
Urohaustorius halei C - 0.0 3.0 2.1 
Boccardiella sp. P Deposit-feeder 4.5 0.2 1.8 
Limnoporeia yarrague C - 1.4 0.2 1.7 
Hydrococcus brazieri M - 0.3 10.4 1.2 
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Higher densities of the corophiid suspension-feeding amphipod Paracorophium sp., the 
bivalve Arthritica semen and the spionid polychaetes Boccardia and Boccardiella sp. 
distinguish sites sampled in the upper reaches of the Duck and Montagu from the Black 
sites (Table 13). Cumulatively, these four species explained > 55% of the dissimilarity 
between these estuaries. Notably, Paracorophium sp. was found to occur at very high 
densities. The Detention estuary was not included in this analysis due to the absence of 
‘true’ upper sites. 
 
Table 13. SIMPER (Similarity percentages) analyses displaying macroinvertebrate species that 
contributed significantly to differences between estuaries (Black vs Duck vs Montagu) within the 
upper reaches (as defined via cluster analysis) of the estuaries. Species are ranked in terms of their 
contribution to dissimilarity between estuaries (i.e. % dissim) Type: C – crustacean, M – mollusc, P 
– polychaete, I – Insect. 
 
Species Type Trophic group Mean abund .per site % Dissim. 
   Black Duck  
Paracorphium sp. C Suspension-feeder 125.2 575.3 36.2 
Boccardia sp. P Deposit-feeder 0.0 17.7 7.5 
Arthritica semen M Suspension-feeder 1.0 19.7 6.6 
Boccardiella sp. P Deposit-feeder 0.0 12.2 5.8 
Scoloplos normalis P Deposit-feeder 2.0 5.7 3.9 
Gammaropsis sp. A C Suspension-feeder 4.5 2.0 3.4 
Paphies sp. M - 1.5 4.9 2.7 
Heloecius cordiformis C - 1.8 0.6 2.3 
Dimorphostylus colefaxi C Deposit-feeder 2.3 0.6 2.2 
Limnoporeia yarrague C - 2.2 0.4 2.2 
Katelysia scalarina M - 1.8 0.6 2.2 
Biffarius spp. C Deposit-feeder 1.5 0.0 2.2 
      
   Black Montagu  
Paracorphium sp. C Suspension-feeder 125.2 446.7 25.6 
Boccardia sp. P Deposit-feeder 0.0 100.3 17.6 
Arthritica semen M Suspension-feeder 1.0 33.7 9.5 
Simplisetia aequisetis P Deposit-feeder 0.0 27.0 8.4 
Gammaropsis sp. A C Suspension-feeder 4.5 4.2 3.3 
Chironomidae spp. I - 2.2 2.2 2.7 
Heloecius cordiformis C - 1.8 0.2 2.2 
Limnoporeia yarrague C - 2.2 1.7 2.1 
Scoloplos normalis P Deposit-feeder 2.0 0.8 2.0 
      
   Duck Montagu  
Paracorphium sp. C Suspension-feeder 575.3 446.7 22.2 
Boccardia sp. P Deposit-feeder 17.7 100.3 14.5 
Simplisetia aequisetis P Deposit-feeder 1.0 27.0 9.2 
Arthritica semen M Suspension-feeder 19.7 33.7 8.2 
Boccardiella sp. P Deposit-feeder 12.1 0.2 5.9 
Scoloplos normalis P Deposit-feeder 5.7 0.8 4.0 
Gammaropsis sp. A C Suspension-feeder 2.0 4.2 3.2 
Chironomidae spp. I - 0.1 2.2 2.9 
Paphies sp. M - 4.9 0.0 2.1 
Limnoporeia yarrague C - 0.4 1.7 2.0 
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Autumn: Macroinvertebrate diversity and abundance 
 
In autumn mean invertebrate diversity varied significantly between estuaries (P = 0.035) 
but not regions. Faunal abundance differed substantially between both estuaries and 
regions (P<0.001). The presence of a strong interaction between these two factors, 
however, made simple interpretation of these differences impossible. Trends between 
estuaries and regions in terms of total faunal abundance can be viewed in Figure 23 and 
suggest high invertebrate abundance among in particular the mid and upper Montagu sites 
and the lower Duck Bay sites; and low abundances generally among the marine sites.    
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Figure 22. Plots displaying the mean (±SE bars) number of invertebrate species and individuals per 
site for each of the estuaries and regions within estuaries during the autumn 2005 sample. 
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Autumn: Macroinvertebrate community composition 
 
The commonest invertebrates collected during the autumn survey were Nephtys 
australiensis (37 out of 47 sites sampled), Paphies erycinea, Scoloplos normalis, Nassarius 
spp. and Urohaustorius halei. A list of the most frequently collected species is shown in 
Table 14. A complete list of all the invertebrate species collected is shown in appendix 2. 
 
Table 14. Common species (occurred at > 9 sites) collected in the autumn survey. Species are 
ranked by frequency of occurrence among sites (n = 47 sites). Fauna types: A – amphipod, B – 
bivalve, C – cumacean, D – decapod, G – gastropod, and P – polychaete. 
  
Species Type Freq.  
Nephtys australiensis P 37 
Paphies sp. B 32 
Scoloplos normalis P 31 
Nassarius spp. G 26 
Urohaustorius halei A 22 
Mysella donaciformis B 22 
Arthritica semen B 21 
Nephtys longipes P 19 
Limnoporeia yarrague A 17 
Paracorphium sp. A 15 
Biffarius spp. D 15 
Capitellidae spp. P 14 
Boccardia sp. P 12 
Mictyris platycheles D 12 
Hydrococcus brazieri G 11 
Scoloplos simplex P 11 
Gammaropsis sp. A A 11 
Katelysia scalarina B 10 
Dimorphostylus colefaxi C 10 
 
 
Invertebrate communities within all estuaries, with the exception of the Detention, 
displayed a clear downstream gradient in terms of community composition running from 
upper to the lower (marine) estuarine reaches (Fig. 24). Despite this general pattern, sites 
from individual estuaries can often clearly be distinguished from one another – and tend to 
cluster together in the ordination. Sites can be nominally split into two groups 
representative of upper and lower estuarine communities using cluster analysis (similarity 
cut-off = 20%). The position of upper and mid sites within the lower group for the 
Detention estuary suggests, again, that the invertebrate communities sampled at these sites 
are more likely to be of a lower estuarine origin (and not representative of the upper 
regions of the estuary).  
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Figure 24. Two-dimensional MDS ordination plots displaying the relative position of invertebrate 
communities collected from marine, lower, mid and upper regions (superimposed on the MDS 
above) and the four estuaries (below) in two-dimensional space. The proximity of sites in two-
dimensional space indicates relative similarity in terms of invertebrate community composition. 
A reasonably clear downstream gradient is visible from left to right across the plot. Also shown are 
the upper and lower “groups” as determined using cluster analysis. 
 
Invertebrate community patterns within individual estuaries are shown in Figure 25. These 
plots indicate a clear discontinuity between marine/lower and mid/upper reaches of these 
estuaries for the Black, Duck and Montagu estuaries. These plots also indicate instances 
where sites may have been a priori misclassified as: lower rather than mid in the Duck Bay 
estuary, and mid rather than lower in the Montagu estuary.  

Upper group 

Lower group 
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Figure 25. MDS ordinations for each of the four estuaries plotted separately displaying the relative 
position of sites in two-dimensions within regions. 
 
Analysis of similarity (ANOSIM) tests found significant differences between estuaries 
(Global R =0.55) and regions (Global R = 0.583) in terms of invertebrate composition. 
Pairwise differences between the four estuaries and regions are shown in Tables 15 and 16, 
respectively. Only invertebrate communities in the Black-Detention comparison, and the 
Montagu-Duck comparison could not be statistically distinguished from each other (i.e. 
have similar invertebrate assemblages in terms of species and numbers). All other 
comparisons between estuaries were significant at P<0.008. Pairwise comparison between 
regions indicated that invertebrate communities sampled from the marine and lower 
regions and mid and upper regions, respectively, were statistically indistinguishable from 
one another. This supports the interpretation from the MDS plot above (and further 
supports the operational division of the estuaries into two broad groups). Note that the R-
statistic of 1.0 generated between the marine and upper sites, at opposing ends of the 
estuarine gradient, indicates that there are no shared species between these regions. These 
habitats supported completely distinct invertebrate communities - one distinctly marine and 
the other estuarine in origin. 



Biodiversity and degradation of estuaries in NW Tasmania 

  44
 

Upper Mid

 

Lower

MONTAGU
DUCK
DETENTION
BLACK

Marine

 
Figure 26. MDS ordinations for each of the four regions plotted separately displaying the relative 
position of estuaries in two-dimensions. 
 
Table 15. Triangular matrix of pairwise two-way ANOSIM contrasts between estuaries averaged 
across regions. Displayed is the R-statistic for each comparison. Values approaching 1.0 indicate 
increasing dissimilarity between estuaries.  
 Black Detention Duck 
Detention 0.40   
Duck 0.54* 0.68*  
Montagu 0.74* 0.74* 0.30 
* indicates R-statistics that are significant at P<0.008 (corrected for multiple comparisons) 
 
Table 16. Triangular matrix of pairwise two-way ANOSIM contrasts between regions averaged 
across estuaries. Displayed is the R-statistic for each comparison. Values approaching 1.0 indicate 
increasing dissimilarity between regions. Note an R-value of 1.0 indicates that the groups share no 
species. 
 Lower Mid Marine 
Mid 0.56*   
Marine 0.22 0.76*  
Upper 0.89* 0.18 1.00* 
* indicates R-statistics that are significant at P<0.008 (corrected for multiple comparisons).  
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Invertebrate species that contributed significantly to the differences between estuaries and 
regions are shown in the SIMPER tables below. Species that distinguished the upper from 
lower regions of the estuaries are shown in Table 17. Species characteristic of the upper 
reaches were: Paracorophium sp., Arthritica semen, Nephtys australiensis, Gammaropsis 
sp. A, Scoloplos normalis, Boccardia sp., Biffarius spp., Katelysia scalarina, Capitellid 
worms, Limnoporeia and Boccardiella. Species characteristic of the lower reaches 
included: Paphies erycinaea, Mysella donaciformis, Urohaustorius halei and Hydrococcus 
brazieri.  
 
Table 17. SIMPER (Similarity percentages) analyses displaying macroinvertebrate species that 
contributed significantly to differences between the lower and upper groups (across estuaries). 
Species are ranked in terms of their contribution to dissimilarity between groups (i.e. % dissim) 
Type: C – crustacean, M – mollusc, P – polychaete. Species indicative of the upper group are 
shown in bold. 
 

Species Type Feeding group Mean abundance /site % dissim. 
   Upper Lower  
Paracorophium sp. C Suspension-feeder 150.1 0.0 19.2 
Paphies erycinaea M Filter-feeder 0.6 61.3 17.1 
Arthritica semen M Filter-feeder 46.8 0.4 11.0 
Nephtys australiensis P Predator 21.2 2.9 8.8 
Gammaropsis sp. A C Deposit-feeder 16.0 0.1 4.9 
Scoloplos normalis P Deposit-feeder 13.5 2.8 4.3 
Boccardia sp. P Deposit-feeder 29.2 0.0 4.1 
Biffarius spp. C Deposit-feeder 8.0 1.8 3.6 
Katelysia scalarina M - 7.3 0.6 3.3 
Capitellidae spp. P Deposit-feeder 9.3 0.6 2.8 
Mysella donaciformis M Filter-feeder 1.5 10.5 2.5 
Urohaustorius halei C - 0.2 6.1 2.4 
Hydrococcus brazieri M - 0.2 13.4 2.3 
Limnoporeia yarrague C - 8.3 0.0 2.3 
Boccardiella sp. P Deposit-feeder 5.7 0.0 1.9 
 
The corophiid amphipods Paracorophium and Gammaropsis and the spionid polychaetes 
Boccardia and Boccardiella were important in distinguishing the Duck and Montagu from 
the Black sites in the upper reaches of the estuaries. These species were present in much 
higher densities in the Duck and Montagu than the Black estuary (Table 18). Moreover, 
Paracorophium and Boccardia were present at very high densities in the Montagu estuary 
(n = 351.7 and 65.9 individuals per site for Paracorophium and Boccardia, respectively). 
Conversely, the calianassid shrimp Biffarius spp and the large bivalve Katelysia scalarina 
were largely absent from the Duck and Montagu estuaries, but were found in reasonable 
numbers in the Black estuary (Table 18). 
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Table 18. SIMPER (Similarity percentages) analyses displaying macroinvertebrate species that 
contributed significantly to differences between estuaries (Black vs Duck vs Montagu) within the 
upper reaches (as defined via cluster analysis) of the estuaries. Species are ranked in terms of their 
contribution to dissimilarity between estuaries (i.e. % dissim) Type: C – crustacean, M – mollusc, P 
– polychaete. 
 
Species Type Feeding group Mean abundance /site % dissim. 
   Black Duck  
Arthritica semen M Suspension-feeder 20.0 61.1 16.4 
Paracorophium sp. C Deposit-feeder 21.4 40.4 12.8 
Gammaropsis sp. A C Deposit-feeder 10.8 35.6 10.7 
Biffarius spp. C Deposit-feeder 29.2 0.6 10.4 
Katelysia scalarina M - 27.2 0.1 10.2 
Scoloplos normalis P Deposit-feeder 7.0 29.1 7.0 
Capitellidae spp. P Deposit-feeder 9.0 17.1 6.9 
Boccardiella sp. P Deposit-feeder 1.0 14.0 4.4 
Boccardia sp. P Deposit-feeder 0.0 13.3 3.9 
      
   Black Montagu  
Paracorphium sp. C Deposit-feeder 21.4 351.7 43.5 
Biffarius spp. C Deposit-feeder 29.2 0.1 9.0 
Katelysia scalarina M - 27.2 0.3 8.7 
Boccardia sp. P Deposit-feeder 0.0 65.9 8.1 
Arthritica semen M Suspension-feeder 20.0 51.7 7.0 
Capitellidae spp. P Deposit-feeder 9.0 1.6 2.9 
Simplisetia aequisetis P Deposit-feeder 0.0 23.7 2.9 
Nephtys australiensis P Deposit-feeder 19.8 18.3 2.5 
Gammaropsis sp. A C Deposit-feeder 10.8 0.1 2.2 
      
   Duck Montagu  
Paracorophium sp. C Deposit-feeder 40.4 351.7 44.0 
Arthritica semen M Suspension-feeder 61.1 51.7 13.8 
Boccardia sp. P Deposit-feeder 13.3 65.9 8.7 
Gammaropsis sp. A C Deposit-feeder 35.6 0.1 8.7 
Scoloplos normalis P Deposit-feeder 29.1 2.6 6.3 
Capitellidae spp. P Deposit-feeder 17.1 1.6 3.7 
Boccardiella sp. P Deposit-feeder 14.0 0.7 3.3 
Simplisetia aequisetis P Deposit-feeder 0.1 23.7 2.8 
 
Differences in the abundance of these six species remained highly significant when 
differences between estuaries were compared using ANOVA with sites nested within 
estuaries for replicate core samples (i.e. p<0.001). ANOVA supported the conclusion that 
Paracorophium sp., Gammaropsis sp., Boccardia and Boccardiella sp. occurred at much 
higher densities in the Duck and Montagu estuaries compared to the Black sites and that 
Katelysia scalarina and Biffarius spp.were present at much higher densities at the Black 
compared to the Duck and Montagu sites (ANOVAs not shown). 
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Seasonal differences in benthic invertebrate community structure 
 
The most striking difference between the spring and autumn sampling was that more 
invertebrate taxa were collected during the autumn survey (Table 19 see survey totals). 
This pattern was consistent across estuaries and, in part, can be attributed to a large 
increase in the number of species collected from the upper reaches of the Black River and 
the marine section of the Duck Bay estuary during autumn sampling. Small increases in the 
number of species collected from the marine regions of the Black and Montagu (Robbins 
Passage) estuaries were also apparent. The reasons for these seasonal differences are 
unclear, but perhaps reflect greater marine influence during autumn compared to spring. 
The overall lower numbers recorded for the Detention River estuary are likely to be due to 
inadequate sampling in the upper reaches of this estuary and these figures are unlikely to 
reflect the true diversity of the invertebrate assemblages in this estuary.   
 
Table 19. Total number of invertebrate species collected from each region within each estuary for 
the spring and autumn surveys. 
 
Estuary Region Spring Autumn 
Black Marine 8 14 
 Lower 14 18 
 Mid 24 26 
 Upper 12 28 
 Total 35 48 
    
Detention Marine 10 11 
 Lower 21 16 
 Mid 14 16 
 Upper 16 19 
 Total 29 32 
    
Duck Marine 11 34 
 Lower 27 30 
 Mid 18 20 
 Upper 12 15 
 Total 40 55 
    
Montagu Marine 16 23 
 Lower 26 29 
 Mid 21 16 
 Upper 9 15 
 Total 42 51 
    
Survey total  66 83 
 
A high proportion of the invertebrate species recorded from the marine regions of the 
estuaries in autumn were represented by fewer than 3 individuals (Black 71%, Detention 
45%, Duck Bay 54%, Robbins Passage 57% of species collected). Low overall numbers 
suggest that these species may be vagrants from other habitats, either from the estuarine 
region (e.g. Nephyts australiensis), or coastal marine habitats (e.g. ophelliid polychaetes 
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such as Euzonus and Travisia sp., the sipunculid Phascolosoma annulatum and the bivalve 
Bornia trigonale).  
 
Three-way ANOVA confirmed that seasonal differences were consistent when analysed 
across samples. More species were collected per site in autumn compared to spring 
(p<0.001) (Fig. 27). However, the total abundance of invertebrates collected per site was 
statistically unchanged between seasons. 
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Figure 27. Plots displaying the mean (±SE bars) number of invertebrate species and total number of 
individuals collected per site within each of the estuaries for the spring and autumn. 
 
Multivariate analysis of the macroinvertebrate data confirmed that the greatest seasonal 
differences in community structure were present amongst the marine sites (Fig. 28). 
ANOSIM tests contrasting macroinvertebrate communities between seasons within each of 
the four regions were only significant for the marine sites (R = 0.235, p=0.003). Seasonal 
samples collected from the lower (R = 0.1), mid (R = 0.024) and upper (R = 0.094) regions 
were statistically indistinguishable from one another (p>0.05).  
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Figure 28. MDS ordinations displaying the position of sites within each of the four regions for 
spring and autumn macroinvertebrate samples.  
 
A number of common invertebrate species displayed clear seasonal patterns in abundance 
(Table 20). Nephtys spp., Paphies sp., Scoloplos normalis, Urohaustorius halei, Arthritica 
semen and Limnoporeia yarrague were all more abundant in autumn. Paracorophium sp. 
was the only species more abundant in spring (Fig. 29).  
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Table 20. Summary of 3-way ANOVA tests comparing the log(x+1) abundance of common 
invertebrate species between seasons, estuaries and regions (not shown). Shown is the direction of 
the seasonal difference and the significance of the test-statistic comparing abundance between 
seasons. Note Paracorophium sp. was the only species found to be more abundant in spring 
compared to autumn. ns: p>0.05 
Species Direction of seasonal diff. Prob. 
Nephyts spp. Aut > Spr <0.001 
Paphies erycinea Aut > Spr 0.030 
Scoloplos normalis Aut > Spr <0.001 
Nassarius spp. No diff. ns 
Urohaustorius halei Aut > Spr 0.019 
Arthritica semen Aut > Spr 0.020 
Limnoporeia yarrague Aut > Spr <0.001 
Paracorophium sp. Spr > Aut <0.001 
Capitellidae spp. No diff. ns 
Boccardia sp. No diff. ns 
Gammaropsis sp. No diff. ns 
Katelysia scalarina No diff. ns 
Simplesitia aequisetis No diff. ns 
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Figure 29. Plots comparing the mean (±SE bars) number of individuals collected per site for four 
common invertebrates species between seasons. Estuaries are pooled across regions.  
 



Biodiversity and degradation of estuaries in NW Tasmania 

  51
 

Correlations between macroinvertebrates and abiotic variables 
 
The strongest correlations between faunal community structure and abiotic and sediment 
variables were recorded for those variables closely associated with the downstream 
gradient in faunal structure visible in Figures 20 and 24. These variables included % 
sediment organic carbon, % silt/clay fraction, particle size standard deviation and dissolved 
oxygen (Table 21). While the correlation between salinity and faunal structure was strong 
in autumn, the correlation was not statistically significant in spring. This suggests that the 
association between salinity and invertebrate structure maybe coincidental rather than 
causative, contrary to what might be expected in estuaries. The most consistent predictor of 
macroinverterbate community structure in both seasons was sediment organic carbon (Fig. 
30). Combining abiotic variables (i.e. using a multiple regression approach) provided little 
additional explanatory power. This is likely to be because many of the variables describe 
the same environmental gradient and are thus to a large extent covary (i.e. correlated with 
one another). 
 
Table 21. BIOENV results showing the Spearman rank correlation coefficient (ρ) for correlations 
between abiotic variables, and the best combination of abiotic variables, with the macroinvertebrate 
samples collected in spring and autumn. *P<0.005 
 
Abiotic variable Spring Autumn 

% sediment organic carbon (OC) 0.648* 0.501* 
% silt/clay (<0.063 mm) 0.500* 0.247* 
Site order 0.391* 0.465* 
%DO 0.386* 0.385* 
PCA2 factor scores (sediment) 0.284* 0.152* 
SD particle size (cf. sorting coefficient) 0.282* 0.445* 
Turbidity 0.265* 0.422* 
Mean particle size 0.232* 0.051 
Salinity 0.132 0.623* 
PCA1 factor scores (sediment) 0.123 0.136 

Best combination of variables   
Salinity and SD particle size - 0.629* 
OC, %DO and % silt/clay 0.649* - 
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Figure 30. Bubble plot overlays of % sediment organic carbon for spring and autumn faunal MDS 
plots (i.e. corresponding with the MDS ordination plots shown in Figures 20 (spring) and 24 
(autumn)). Increasing bubble size indicates increasing magnitude of variable.  
 
Invertebrate patterns in community structure in spring and autumn correspond strongly 
with levels of organic carbon in the sediments and the sites can be clearly distinguished on 
this basis (Fig. 30). Sites to the left side of the ordination (corresponding with those in 
upper group) are characterised almost universally by organically enriched sediments 
compared with sites to the right of the ordination. By comparison, salinity only adequately 
explained patterns in invertebrate structure in autumn. Clear differences in the magnitude 
of salinity values are also visible between spring and autumn (Fig. 31). 
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Figure 31. Bubble plot overlays of salinity for spring and autumn faunal MDS plots (i.e. 
corresponding with the MDS ordination plots shown in Figures 20 (spring) and 24 (autumn)). 
Increasing bubble size indicates increasing magnitude of variable (see legend).  
 
These patterns are partially the product of associations between a small number of 
common species and the abiotic conditions present at each of the sites. The level of 
association between faunal abundance and abiotic variables was investigated for a subset 
of common species (i.e. those listed in Tables 9 and 14). The magnitude and direction of 
significant correlations between invertebrates and abiotic variables is shown in Table 22. 
The correlations largely echo those found for the invertebrate community data.  
 
A larger range of species were found to have significant correlations in autumn compared 
to spring and as with the community-level correlations there is a more pronounced salinity 
effect in autumn. Seven species collected in autumn were negatively correlated with 
salinity (i.e. associated with low salinities); all are indicative of the upper reaches of the 
estuaries (Table 22). Three species: Arthritica semen, Paracorophium sp. and Boccardia 
sp. were positively correlated with sediment organic carbon levels in both surveys. These 
three species are likely to be consistent indicators of organic enrichment in these estuaries. 
Another species Boccardiella sp. was notably associated with lower levels of dissolved 

Spring 

Autumn 
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oxygen and may also prove to be a useful indicator of human disturbance in these 
estuaries. 
 
 
Table 22. Spearman rank correlation coefficients between abundance and % sediment organic 
carbon, salinity, DO and % silt/clay for eight common estuarine species collected during the spring 
and autumn surveys. Bonferroni adjusted significance: *p<0.05, **p<0.01, ***p<0.001. 
 
Species %OC Salinity DO % silt/clay 
Spring     
Arthritica semen 0.522* - - - 
Paracorophium sp.    0.740*** - - 0.642*** 

Boccardia sp. 0.486* - -0.505* - 
Nassarius spp. - 0.523* - - 
     
Autumn     
Nephtys australiensis -  -0.649*** - - 
Scoloplos normalis 0.589** -0.612** - 0.613** 

Arthritica semen   0.784***   -0.689*** - 0.571** 

Limnoporeia yarrague - -0.564* - - 
Paracorophium sp 0.554* -0.530* - - 
Boccardia sp. 0.500* -0.550* - - 
Gammaropsis sp. A - -0.523* - - 
Boccardiella sp. - - -0.611** - 
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Benthic invertebrate summary 
 
In general the four estuaries supported a similar array of invertebrate species. Benthic 
communities sampled from all four estuaries exhibited a common downstream gradient in 
structure in both spring and autumn to the extent that invertebrate communities in the 
upper reaches of the estuary could be clearly distinguished from those occupying the lower 
reaches (see Figs 20 and 24). This division corresponded most closely with organic carbon 
levels in the sediments rather than salinity. The upper group comprises species that are 
typically estuarine, while the lower group included in addition to estuarine species a range 
of marine and coastal species not restricted to estuaries.  
 
There were no consistent trends in invertebrate species richness, either between, or within 
estuaries. Substantially fewer species were recorded from the Detention estuary, although 
this can largely be attributed to inadequate sampling in the upper reaches of this estuary. In 
general the middle reaches (lower and mid) supported the most invertebrate species, 
whereas the marine sections supported the least. The highest invertebrate densities were 
invariably encountered in the upper reaches of the estuaries.   
 
The greatest differences in terms of invertebrate community structure between estuaries 
were detected in spring (i.e. invertebrate communities in each of the four estuaries were 
judged to be statistically different from each other). By comparison, the Black and 
Detention, and the Duck and Montagu estuaries in autumn could not be statistically 
distinguished from one another. The greatest differences were detected between the Black 
and the Duck and Montagu estuaries, and the Detention and the Duck and Montagu 
estuaries, although the absence of true mid and upper sites in the Detention invalidates 
such comparisons. Differences in community structure between the Black and Duck and 
Black and Montagu estuaries can primarily be attributed to the presence of high densities 
of suspension and surface-deposit feeding invertebrates in the upper regions of the Duck 
and Montagu estuaries. Two species, the amphipod Paracorophium sp. (>1000 individuals 
m-2) and the spionid polychaete Boccardia sp. (>200 individuals m-2), were present at very 
high densities in the upper reaches of the Duck and Montagu estuaries. The distribution of 
both these two species was highly correlated with sediment organic carbon levels in both 
seasons and their presence at high densities is indicative of high levels of organic 
enrichment elsewhere.    
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Fish biodiversity 
 
Sampling of fish assemblages was restricted to spring 2004, and then only in the lower 
reaches of the estuaries. The most abundant species collected were Arripis trutta (eastern 
Australian salmon), Atherinosoma microstoma (Small Mouth hardyhead) and 
Rhombosolea tapirina (Greenback flounder) (Table 23, Fig. 32). It is difficult to draw any 
conclusions about the fish faunas of these four estuaries, given the limited nature of the 
sampling conducted. 
 
Table 23. Summary of fish surveys undertaken in spring 2004. Note sampling intensity (no. tows) 
varies between estuaries. 
 
Species Common Name Detention Black Duck Montagu 
No. net tows / estuary  8 4 10 2 
  Total numbers caught 
Arripis trutta  Eastern Australian salmon 51 68 51 0 
Aldrichetta forsteri  Yellow-eyed mullet 9 7 27 3 
Ammotretis rostratus  Long Snouted flounder 36 2 10 0 
Atherinosoma microstoma  Small Mouth hardyhead 29 96 31 28 
Favonigobious lateralis Long-finned goby 29 0 0 0 
Favonigobious tamarensis Tamar goby 6 0 1 0 
Rhombosolea tapirina  Greenback flounder 173 73 61 19 
Tetractenos glaber Smooth toadfish 0 1 4 2 
      
Total no. species collected  7 6 7 4 
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Figure 32. Mean (± standard error bars) number of fish collected per net tow for each of the four 
estuaries. 
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Habitat maps and descriptions 
 
Black River estuary 
 
The Black River estuary contains no significant areas of aquatic vegetation. The lower 
reaches of the estuary are dominated by sand flats bisected by a channel of courser, more 
heavily-pact sediments (Fig. 33). The position of the channel at the entrance is highly 
variable - and varied considerably between aerial photos and visits. Beyond the wooded 
promontory (central) the banks of the estuary become more silty (i.e. comprising finer 
particles), while the bottom of the central river channel comprises rocky cobbles. In 
particular, the area just to the south of the promontory and east of the bridge appears to be 
a depositional basin and the banks here comprise a higher proportion of finer particles (i.e 
mud). 
 
Detention River estuary 
 
As with the Black River estuary there are no significant areas of aquatic vegetation. 
Intertidal sand flats dominate the estuary and extend as far as 1.5 km from the mouth (Fig. 
34). The position of the river channel is indicated by the presence of courser, more heavily- 
pact sand. At a distance of 1.5 km from the mouth the estuary becomes more riverine with 
fringing banks of siltier-muddy sediments and a main channel comprising principally 
cobbles/gravel. 
 
Duck Bay estuary 
 
Due to time constraints in the field, we have only mapped habitats in the middle section of 
the Duck Bay estuary – that area adjoining the main channel (see Fig. 35). As with the 
other two estuaries there is a transition between sand-dominated sediments in the lower 
reaches of Duck Bay and  sandy-silt sediments in the upper and riverine reaches. Video 
transects at the mouth of the estuary revealed an area of principally low-profile reef, in 8-
10 m of water, dominated by sessile encrusting invertebrates (sponges etc.). Sparse patches 
of the seagrass Heterozostera tasmanica fringe the channels in the lower section of this 
estuary, whereas beds of the seagrass Zostera muelleri were found to cover extensive areas 
of intertidal sand bank elsewhere (see Fig. 35). 
 
Montagu River estuary 
 
As with the benthic and water quality sampling we have included the section of Robbins 
Passage adjacent to the entrance to the Montagu River. The boundaries we have used are 
arbitrary and are not intended to be interpreted as the extent of estuarine influence in this 
system (Fig. 36). Silty-sands (muds) predominate around the opening to the Montagu 
River, but soon give-way to intertidal sand flats. Sparse beds of Zostera muelleri cover 
extensive areas of intertidal sand banks adjacent to the mouth. Where the Montagu River 
channel intersects with main tidal channel (east-west orientated) patches of the subtidal 
seagrass species, Heterozostera tasmanica and Posidonia australis were recorded. The 
upper reaches of the Montagu River channel consists of a bedrock base bordered by banks 
of muddy-siltier sediments. 
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Figure 33. Map showing the distribution of habitats within the Black River estuary. 
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Figure 34. Map showing the distribution of habitats within the Detention River estuary. 
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Figure 35. Map showing the distribution of habitats within the Duck River and adjoining 
Duck Bay estuary. Limited to the middle section only due to time constraints. 
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Figure 36. Map showing the distribution of habitats within the Montagu River estuary and 
adjoining Robbins Passage. 
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Discussion 
 

Overview 
 
Estuaries in NW Tasmania are characterised by greater tidal variation and more seasonal 
river flows than estuaries elsewhere in Tasmania. These two factors influence both the 
functioning and ultimately the health of these estuaries. High tidal ranges in the vicinity of 
2.0-2.5 m (they are typically <1 m elsewhere along the Tasmanian coastline) result in 
substantial inundation of the lower reaches of the river basin at high tide, flooding 
expanses of intertidal sand and mud flats. In practice this results in very high rates of tidal 
exchange, effectively flushing the lower reaches of the estuary every 12 hours. The high 
tidal range, at least in part, also explains why barriers capable of closing the mouth of the 
estuary are not a feature of estuaries in NW Tasmania. Partly this is because the northern 
Tasmanian coast receives less onshore deposition of sediments than coastlines exposed to 
prevailing SW ocean swells (Kench 1999), but also because the marine sands that do form 
at the mouth are easily breached by high tidal fluctuations in conjunction with high winter 
river flows. This is an important point because the closure of the estuary for significant 
periods of time (e.g. months), due the formation of a barrier at the mouth, may result in the 
entrapment and accumulation of contaminants, changes to salinity and water chemistry and 
reduced mixing (tidal) leading to stratification and anoxia. Elsewhere, in southern 
Australia the periodic closure of estuaries to the sea is a natural part of the functioning of 
many small estuaries.  
 
Highly seasonal river flows are also characteristic of this region and have important 
implications for the functioning of these estuaries. Broadly speaking conditions within 
these estuaries alternate between riverine-dominated, when river flows are higher in 
winter/spring, and marine- or tidally-dominated through summer and autumn when river 
flows are substantially reduced (see Fig. 7). It is expected that nutrient input from 
terrestrial sources within the catchment would be strongly allied with river flows under 
such a regime and this appears to be borne out by the results of this study. Salinity in the 
estuaries was lower in spring following a period of higher river flows, whilst turbidity and 
dissolved nutrient concentrations were higher than those recorded 4 months later in the 
autumn sample. In contrast, during periods of low river input, estuaries are dominated to a 
greater extent by marine conditions driven by daily tidal incursions that are typically lower 
in nutrients than the abient riverine/estuarine waters within the estuary. This is illustrated 
by the fact that nutrient levels were appreciably lower on a high tide, following an 
incoming tide, compared to at low tide.  

Despite seasonal differences in water chemistry, estuarine benthic communities remained 
relatively unchanged between the spring and autumn sampling events. Only invertebrate 
communities sampled from the marine section of the estuary (at or near the mouth of the 
estuary) differed between seasons. Notably, invertebrate species richness at these sites was 
elevated by the arrival of a number of coastal species in autumn compared to spring. This 
was particularly dramatic at the Duck Bay sites, where a three-fold increase in species 
numbers was recorded in autumn over spring. The reasons for this change are unclear, but 
perhaps reflect greater marine influence during autumn, facilitating the arrival and survival 
of coastal marine species excluded from the estuary during periods of greater riverine 
influence. Salinity regularly drops below 30 ppt at the mouth of Duck Bay during the 
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winter months (TSQAP unpub. data). An increase in the number of species in upper 
reaches of the Black River in autumn (see Table 19) may equally be attributable to the 
predominance of marine conditions in autumn compared to spring (see Fig. 10). Many of 
these additional species were previously restricted to the lower part of the estuary in spring 
(e.g. Phyllodoce sp., Scoloplos simplex, Mysella donaciformis and Urohaustorius 
metungi). 
 
The other issue that is relevant to the functioning and health of estuaries in this region, and 
one that is central to the aims of this study, is the degraded condition of many of the 
catchments. Two of the estuaries in this study, the Duck and Montagu Rivers are typical of 
estuaries in this region. Their catchments have been cleared of significant tracts of native 
vegetation and the land converted into pasture for dairy farming or utilised for other 
agricultural purposes. Nutrient loadings in these rivers emanating from agricultural run-off 
were very high, even by Tasmanian standards, and these catchments have been assessed by 
DPIWE as having average to poor water quality. Very high nutrient concentrations have 
also previously been recorded for the Duck estuary (Murphy et al. 2003). We have 
deliberately contrasted these estuaries with two estuaries, the Black and Detention Rivers, 
located within catchments that are, by comparison, less impacted by human activities. The 
comparative approach undertaken in this study had two functions: 1) provide a relative 
assessment of the level of impact within the Duck and Montagu estuaries by using the 
Detention and Black as reference estuaries, and 2) use this comparison as the basis from 
which to derive potential indicators of anthropogenic impacts within estuaries in the NW. 
The success of this approach is potentially limited by the extent to which the Black and 
Detention estuaries can be considered as suitable reference estuaries, and the absence of 
representive upper sites in the Detention estuary limiting the generality of the findings. 
 
The identification of suitable reference estuaries is generally problematic because few 
estuaries in Tasmania are completely unaffected by human impacts. While it may be 
desirable to set reference conditions to pre-European settlement levels, the presence of 
humans cannot be denied and more realistic target conditions for ecosystem health need to 
be set. In this respect the Black and Detention estuaries successfully fulfil the criteria of 
reference estuaries because their catchments are relatively free of many of the impacts that 
affect other catchments in this region: regulation of river flows, high inputs of agricultural 
run-off and removal of riparian vegetation. The other area of concern is the extent to which 
the Black and Detention estuaries are suitably similar to the Duck and Montagu estuaries 
so that valid comparisons can be made. Duck Bay and to a lesser extent where the 
Montagu River flows into Robbins Passage are larger, more complex systems than the 
equivalent lower estuary in the Black and Detention Rivers. This is less an issue in the 
upper reaches of the estuary – where the four estuaries appear more comparable in terms of 
size and habitats. 
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Assessment of the level of impact within the Duck and Montagu 
estuaries  
 
A summary detailing the outcomes of the comparisons made between all four estuaries in 
this study is shown below in Table 24. In general the Duck and Montagu estuaries could be 
consistently distinguished from the two reference estuaries, the Black and the Detention, 
on the basis of a number of water quality and sediment parameters. The Duck estuary had 
significantly higher turbidity, NOx and dissolved phosphorous levels and lower dissolved 
oxygen levels. Sediment organic carbon levels were higher and mean particle sizes lower 
(i.e. comprising finer particles). The Montagu estuary had higher turbidity, sediment 
organic carbon and dissolved phosphorous levels than the two reference estuaries. 
Ammonia levels were of no use in discriminating the four estuaries. Median NOx (nitrates 
and nitrites) concentrations levels for the Duck estuary (112 µg N/L) exceed the ANZECC 
guidelines and are comparable with those recorded by Murphy et al. (2003) in an earlier 
survey. However, NOx levels in the Montagu estuary were no higher than the levels 
recorded in the reference estuaries. This is at odds with DPIWE’s assessment of the 
nutrient status of the catchment and may allude to the fact that water sampling in this study 
was conducted during a period of sub-maximal river flows (see Fig. 7). This remains to be 
examined in greater detail. Generally the higher turbidity levels recorded in the Duck and 
Montagu estuaries are indicative of greater levels of terrestrial run-off within the catchment 
and higher suspended sediment loads.  
 
Table 24. Summary of project outcomes indicating the form and direction of differences between 
the four target estuaries for water quality, sediment and biological parameters. Estuaries: Du – 
Duck R., M – Montagu R., Bl – Black R. and Dn – Detention R. 
 
Measure Comparison b/w estuaries 
Water quality  
Salinity No diff. 
Dissolved Oxygen Bl > M, Dn > Du 
Turbidity Du, M >> Bl, Dn 
NH4 No diff. 
NOx Du > Bl > Dn, M 
Diss. Phosphorous Du > M > Bl, Dn 
Sediment  
Mean particle size Bl, Dn > Du 
Sediment Organic Carbon Du, M > Bl, Dn 
Spring biological sampling  
Macroinvertebrate biodiversity No diff. 
Macroinvertebrate densities Du, M > Bl, Dn 
Macroinvertebrate community structure Du ≠ M ≠ Bl ≠ Dn 
Autumn biological sampling  
Macroinvertebrate biodiversity No diff. 
Macroinvertebrate densities Du, M > Bl, Dn 
Macroinvertebrate community structure Du, M ≠ Bl, Dn 
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Typically where nutrient concentrations are elevated in semi-enclosed marine systems such 
as estuaries, two broad biological responses are predicted that may have adverse 
environmental impacts. The first potential impact, eutrophication is a process whereby 
high levels of limiting nutrients such as nitrogen and phosphorous stimulate excessive 
phytoplankton growth in the water column, leading to oxygen depletion. Despite high 
nutrient loadings this does not appear to be a problem for these estuaries. Chlorophyll a 
levels for these estuaries are low, even by Tasmanian standards (CEE 1999, Murphy et al. 
2003) and surface dissolved oxygen concentrations, were within acceptable limits. The 
CEE (1999) consultancy report stressed that this is likely to be because tidal exchange for 
this estuary is very high – something like 90% of the volume of Duck Bay is exchanged in 
each tidal cycle. Tidal mixing reduces the residence time of nutrients and algae in the 
photic zone, and because sediment resuspended by tides increases turbidity this reduces 
light available for photosynthesis (Monbet 1992).  
 
The other adverse impact, associated with high nutrient loads, relates to organic 
enrichment of the benthos. Elevated nutrient levels stimulate algal and bacterial 
productivity among the sediments. Such organic matter in the surface sediments is an 
important source of food for benthic invertebrates, but an overabundance may lead to 
reductions in species richness, abundance and biomass due to oxygen depletion and the 
buildup of toxic by-products such as ammonia and sulphide associated with the breakdown 
of organic compounds (Hyland et al. 2005). Pearson and Rosenberg (1978) developed a 
model to describe a generalised pattern of response of benthic communities in relation to 
organic enrichment. Initially species richness and biomass increase in response to elevated 
levels of food, but then decline in response to the accumulation of toxic by-products and 
oxygen depletion (anoxia). At moderate levels of organic enrichment species adapted to 
life in naturally enriched sediments flourish at the expense of less tolerant species resulting 
in sediments dominated by high abundances of only a few well-adapted species. Typically, 
chronically organically enriched sediments support few invertebrate species due to the 
accumulation of toxic compounds and the prevalence of anoxic conditions.  
 
Sediments in the upper reaches of estuaries naturally contain higher amounts of organic 
matter than the lower reaches. However, even allowing for such differences, organic 
carbon levels in the sediments of the Duck and Montagu estuaries were higher than those 
recorded from the reference estuaries and these differences were most pronounced amongst 
the mid and upper sites (see Fig. 19). Core samples collected from the Duck and Montagu 
estuaries contained greater numbers of macroinvertebrates than the Black and Detention 
estuaries in both spring and autumn but no corresponding reduction in species richness (see 
Table 24). These differences were clearest in the mid and upper regions of the Duck and 
Montagu estuaries (see Figs 19 and 24) where high densities of invertebrates were 
recorded. For the most part these elevated densities could be attributed to high densities of 
just two species: the amphipod Paracorophium sp. (amongst the Duck and Montagu sites), 
and the spionid polychaete Boccardia sp. (primarily amongst the Montagu sites). Both 
species feed at the sediment-water interface. Paracorophium sp. filters resuspended 
organic material from the water column using specially modified limbs (pers. obs), whilst 
spionid polychaetes are characteristically surface deposit-feeders that use anterior feeding 
palps to collect and then direct food to their mouths. The abundance of both species, along 
with the small bivalve Arthritica semen, was highly correlated with sediment organic 
carbon content in both seasons. Elsewhere, high densities of Paracorophium sp. and the 
genus Boccardia are associated with areas of high organic enrichment such as sewage 
outfalls (Poore and Kudenov 1978, Dorsey 1982).   
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Macroinvertebrate community structure in the upper reaches of the Duck and Montagu 
estuaries is, therefore, indicative of moderate, rather than chronic organic enrichment of 
the benthos. These communities would sit midway along Pearson and Rosenberg’s (1978) 
model of organic enrichment because the invertebrate community is characterised by 
relatively high faunal abundance dominated by a few individual species, but not lower 
species richness in comparison to the reference sites (the Black River estuary). The virtual 
absence from the Duck and Montagu of species present in the reference estuary such as the 
Calianassid shrimps Biffarius spp. and the bivalve Katelysia scalarina suggests a shift in 
community structure towards one dominated by a range of opportunistic species adapted to 
organically enriched and stressed environments (see Tables 13 and 18). These may include 
in addition to Paracorophium and Boccardia the bivalve A. semen and the spionid 
polychaete Boccardiella sp., which occur at much higher densities in the Duck and 
Montagu estuaries. The lack of ‘true’ upper and mid sites in the Detention estuary, 
however, sadly limits this comparison to only one reference estuary. 
 
By comparison, differences in invertebrate community structure between the lower reaches 
of the four estuaries (i.e. the lower group identified in the ordinations) are more likely to be 
due to natural- rather than human-induced variability, and this is compounded by the very 
different structure of the lower parts of these four estuaries. For example, the gastropod 
Hydrococcus brazieri, which was very common in the lower parts of the Duck and 
Montagu, is characteristic of marine inlets in Tasmania (Edgar et al. 1999) rather than tidal 
river estuaries. Thus, the comparison of impacted and reference estuaries in this instance is 
confounded by the fact that the lower reaches of the four estuaries differ vastly in terms of 
their physical morphology. The lower parts of Duck Bay and the Montagu (where it enters 
Robbins Passage) resemble marine inlets, whereas the lower reaches of the Black and 
Detention estuaries are tidal rivers. [Comparisons of habitats between estuaries are 
therefore equally invalid for the same reason]. In spite of these differences, the lower 
reaches of all four estuaries were characterised by sediments lower in organic carbon 
content relative to the upper reaches – and it was this dichotomy separating the upper and 
lower reaches of the four estuaries which was the most consistent predictor of invertebrate 
community structure within these estuaries (see Fig 30). Consequently, there is little 
evidence of organic enrichment, nor the expected changes in invertebrate community 
structure that one might associate with organic enrichment of the benthos.  
 
Sampling by DPIWE as part of the State of the Rivers Reporting (Bobbi et al. 2003) 
indicates that nutrient inputs into these estuaries from the Duck and Montagu river 
catchments are likely to be very high. This raises the question, what is the eventual fate of 
these nutrients once they enter these estuaries? What proportion is assimilated in the 
system through uptake into the sediments (and their associated biota) and aquatic 
vegetation? And what proportion is lost to the system through tidal flushing? This study 
found that while the upper reaches of the Duck and Montagu estuary were adversely 
affected by high nutrient loadings resulting in organic enrichment of the benthos, the lower 
reaches of these estuaries appear to be largely free of human impacts. Thus, it could be 
inferred that tidal flushing in the lower reaches of these estuaries probably mitigates the 
effect of high nutrient levels to greater extent than it does in the upper reaches where 
riverine conditions prevail. This contention, however, needs to be examined in greater 
detail. 
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Potential indicators of anthropogenic impacts in NW Tasmanian 
estuaries 
 
Water quality 
 
This and other studies have identified a number of pressing water quality issues in the 
Duck and Montagu estuaries. These include elevated levels of nitrogen, phosphorous and 
suspended sediments. It seems unlikely that this situation will improve in the near future. 
However, in setting water quality targets it is important to remember that background 
nutrient levels for estuaries in the NW are likely to be naturally high due to high rainfall 
leading to increased levels of run-off.  In this regard the Black and Detention estuaries had 
levels of nutrients in spring that exceeded the ANZECC trigger values for south-eastern 
Australian estuarine systems (ANZECC 2000), and were also considered high even by 
Tasmanian standards (see Murphy et al. 2003). Assessment of the nutrient status of 
estuaries in the NW therefore needs to be made in light of this, using appropriate reference 
points, rather than the imposition of targets developed for estuaries elsewhere in Australia. 
A summary of the median concentrations recorded for ammonia, nitrates + nitrites (NOx) 
and dissolved phosphorous in spring and autumn is displayed in Table 25. 
 
Table 25. Mean (± SE) concentrations (µg/L) of NH3, NOx and dissolved reactive phosphorous 
(DRP) for each estuary measured at low tide during spring and autumn. Note Detention does not 
include comparable mid and upper measurements and thus should be interpreted cautiously. 
 
 Black Detention Duck Montagu 
Spring     
NH3 27.5 (1.5) 25.8 (4.3) 27.6 (6.2) 17.3 (2.5) 
NOX 32.0 (2.9) 29.4 (6.9) 156.9 (38.0) 35.6 (8.0) 
DRP 5.3 (0.3) 8.6 (0.6) 21.3 (2.5) 18.3 (2.7) 
Autumn     
NH3 0.3 (0.3) 0.0 3.6 (1.5) 0.3 (0.3) 
NOX 36.1 (10.3) 5.4 (1.8) 65.9 (16.5) 3.0 (1.2) 
DRP 2.1 (0.2) 2.3 (0.3) 18.5 (2.7) 6.9 (1.3) 
 
In addition, we make three general recommendations regarding the collection of water 
quality samples. 1) Sampling should include sufficient temporal and spatial variation, to 
allow the detection of changes in water quality over time (either improvement or 
deterioration), and for different sections of the estuary. The ability to discern such changes 
is inhibited by both high seasonal and spatial variation within these estuaries. 2) Greater 
emphasis should be placed on sampling the upper reaches of these estuaries – where 
anthropogenic impacts appear greater; and 3) as stated earlier, samples should be collected 
at low tide when nutrient concentrations are likely to be at their maximum. 
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Biological indicators 
 
It is one thing to demonstrate a reduction in water quality relative to a ‘healthy’ system; it 
is quite another to show such changes result in impaired and altered biological functioning. 
Common questions that arise are: at what point is there a detectable biological effect? And 
when do these effects become potentially serious? One potential solution utilised by many 
environmental impacts studies is to use biological indicators to assess the level of 
anthropogenic impact. The benthos is an effective place to look for indicators of human-
induced stress in estuarine and coastal systems (Warwick 1993). Benthic fauna are 
important components of these systems playing vital roles in detrital decomposition, 
nutrient cycling and the flow of energy to higher trophic levels (fish, birds). Moreover, 
benthic fauna live in close association with the bottom sediments where organic pollutants 
and chemical contaminants accumulate and where low-oxygen conditions are typically 
most severe (Hyland et al. 2005). 
 
Macroinvertebrate community structure proved to be a useful indicator of human-induced 
organic enrichment in the upper reaches of the Duck and Montagu estuaries. The upper 
reaches of these two estuaries supported high densities of species that were highly 
correlated with levels of % sediment organic carbon, including the amphipod 
Paracorophium sp., the spionid polychaete Boccardia sp. and the bivalve Arthritica semen. 
High densities of Paracorophium and Boccardia have been directly associated with 
organic pollution elsewhere (Poore and Kudenov 1978, Dorsey 1982) and are likely to be 
indicative of both naturally- and anthroprogenically-enriched sediments. Boccardia sp. was 
notably absent from the Black river estuary (Fig. 37), whereas the absence of 
Paracorophium and Boccaridia from the Detention estuary is likely to reflect insufficient 
sampling in the mid and upper regions of this estuary. 
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Figure 37. Box plots illustrating differences in the abundance of Paracorophium sp. and Boccardia 
sp. per site between estuaries. Horizontal lines are medians, boxes are interquartile ranges (i.e. 25th 
and 75th percentiles) and vertical bars are ranges excluding outliers (°). Note Y-axis is expressed as 
a log10 scale. 
 
As the upper reaches of estuaries are naturally organically enriched, human impacts can 
only be confidently inferred by comparison with estuaries assumed to be free of human 
impacts. However, this approach is problematic as it is reliant upon sufficient numbers of 
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reference (control) estuaries from which to draw rigorous conclusions. The conclusions of 
this study would have been greatly strengthened by the inclusion of mid and upper sites 
from the Detention estuary, extending the comparison to two rather than just one reference 
estuary. 
 
Monitoring and assessment of the lower estuarine reaches is more problematic for many of 
the reasons outlined in the discussion above. In this regard the East and West inlets, 
directly to the east of Duck Bay, may be more appropriate reference estuaries, particularly 
in the case of Duck Bay. These Inlets were assigned a conservation classification of C by 
Edgar et al. (1999) and have relatively restricted freshwater catchments (and thus, 
potentially catchment impacts) suggesting that they may be suitable reference points. The 
other difficulty encountered when making biological assessments within the lower reaches 
of these estuaries is that invertebrate community structure appears to be more variable 
when compared with the upper reaches. This is, in part, due to the flux of marine and 
coastal species from outside the estuary. This was particularly a problem for sites located 
in the marine region, which in some cases (i.e. Duck marine sites) underwent marked 
changes in invertebrate community structure between spring and autumn. Consequently, 
information derived from the marine region of the estuary may not be very informative 
about the condition of the estuary as a whole because invertebrate communities in this part 
of the estuary appear to be more heavily influenced by coastal rather than estuarine 
processes. We therefore recommend greater emphasis be placed on monitoring the upper 
reaches of the estuary (i.e. upper, mid and lower). 
 

Conservation significance of NW estuaries 
 
Even in the absence of a comprehensive biological survey, Edgar et al.’s (1999) decision to 
assign the Black River Estuary the highest conservation significance (Class A) was sound 
(see Table 1). Over 80% of the catchment is still covered by native vegetation, most of it 
within State Forest. In contrast to the Duck and Montagu estuaries there are no major 
upstream impacts, other than forestry. Despite increases in the area of forest harvested in 
recent years, water quality in the upper part of this catchment is still considered excellent 
(DPIWE unpub. data). Nevertheless, there is nothing particularly unique about the benthic 
faunal communities in the Black River estuary and many of the species recorded in this 
estuary were found elsewhere. What the Black River estuary does possess are perhaps 
some of the least impacted (pristine) upper estuarine habitats and invertebrate communities 
in this region. These sites were typified by the presence of larger burrowing, decapod 
species such as the Callianassid shrimps Biffarius arenosus and Biffarius poorei (lumped 
as Biffarius spp. due to difficulties in splitting juvenile animals), the Ocypodid crabs 
Heloecius cordiformis and Macrophthalmus latifrons and the bivalve mollusc Katelysia 
scalarina (see appendix 2).  
 
In the absence of water quality and biological sampling in the upper reaches of the 
Detention River estuary it is difficult to comment further on the class C conservation rating 
given to this estuary by Edgar et al (1999). There is nothing in this report that indicates that 
this assessment is incorrect in anyway, however, a proper assessment awaits further 
information. 
 
In comparison, the Montagu estuary struggles to retain its class C classification, although 
its proximity to Robbins Passage (an area of high conservation value in its own right) gives 
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it special significance. We found evidence that the upper reaches of this estuary were 
degraded by organic enrichment of the benthos. The upper reaches of the Montagu estuary 
thus resemble the upper reaches of the Duck estuary (Class D – moderately degraded) 
more so than the Black River estuary. A rating of D, implying a low conservation 
significance as a consequence of moderate degradation, seems appropriate for both the 
Duck and Montagu estuaries on the basis that whilst the upper reaches appear degraded, 
the lower reaches appear, for the most part, free of human impacts.  
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Appendices 
Appendix 1. GPS co-ordinates (decimal lat/longs) for the 47 sites sampled in this study. 
 
Site Estuary Region Latitude Longitude 

BLMR1 BLACK Marine -40.838188 145.3190020 
BLMR2 BLACK Marine -40.837931 145.3171618 
BLMR3 BLACK Marine -40.837566 145.3151072 
BLLOW1 BLACK Lower -40.839481 145.3111422 
BLLOW2 BLACK Lower -40.839143 145.3117332 
BLLOW3 BLACK Lower -40.838430 145.3122210 
BLM1 BLACK Mid -40.842796 145.3094793 
BLM2 BLACK Mid -40.844727 145.3102309 
BLM3 BLACK Mid -40.846455 145.3092487 
BLUP1 BLACK Upper -40.847410 145.3056977 
BLUP2 BLACK Upper -40.846712 145.3043134 
BLUP3 BLACK Upper -40.847168 145.3014975 
DNMR1 DETENTION Marine -40.872659 145.4455223 
DNMR2 DETENTION Marine -40.871500 145.4457310 
DNMR3 DETENTION Marine -40.872288 145.4487410 
DNLOW1 DETENTION Lower -40.878501 145.4462033 
DNLOW2 DETENTION Lower -40.875449 145.4466165 
DNLOW3 DETENTION Lower -40.873748 145.4464344 
DNM1 DETENTION Mid -40.880914 145.4469978 
DNM2 DETENTION Mid -40.881870 145.4457684 
DNM3 DETENTION Mid -40.879080 145.4464236 
DNUP1 DETENTION Upper -40.885909 145.4477748 
DNUP2 DETENTION Upper -40.884772 145.4476732 
DNUP3 DETENTION Upper -40.883721 145.4475613 
DUMR1 DUCK Marine -40.792462 145.1101054 
DUMR2 DUCK Marine -40.796099 145.1090006 
DUMR3 DUCK Marine -40.796448 145.1020425 
DULOW1 DUCK Lower -40.806758 145.1125947 
DULOW2 DUCK Lower -40.816494 145.1136668 
DULOW3 DUCK Lower -40.834085 145.1223250 
DUM1 DUCK Mid -40.838832 145.1217083 
DUM2 DUCK Mid -40.841053 145.1183340 
DUM3 DUCK Mid -40.840061 145.1140530 
DUUP1 DUCK Upper -40.841101 145.1110926 
DUUP2 DUCK Upper -40.842506 145.1079059 
DUUP3 DUCK Upper -40.842254 145.1107645 
MMR1 MONTAGU Marine -40.739698 144.9998333 
MMR2 MONTAGU Marine -40.734079 145.0132300 
MMR3 MONTAGU Marine -40.729141 145.0213616 
MLOW1 MONTAGU Lower -40.752846 144.9318508 
MLOW2 MONTAGU Lower -40.762465 144.9225325 
MLOW3 MONTAGU Lower -40.768886 144.9242222 
MM1 MONTAGU Mid -40.769106 144.9276181 
MM2 MONTAGU Mid -40.767555 144.9294150 
MM3 MONTAGU Mid -40.770350 144.9310036 
MUP1 MONTAGU Upper -40.771734 144.9308422 
MUP3 MONTAGU Upper -40.773231 144.9296997 
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 Appendix 2. Total numbers of invertebrate species collected from each estuary. 
 
Taxonomic name Black Detention Duck Montagu 

Annelids     
Capitellidae spp. 50 4 142 17 
Glycerid sp. 0 0 1 2 
Hesionidae unid. 0 0 2 0 
Lumbrinereis sp. A 1 7 16 2 
Lumbrinereis sp. B 0 0 1 0 
Magelona sp. 14 2 19 0 
Nephtys australiensis 156 78 294 178 
Nephtys longipes 18 34 16 19 
Olganereis edmondsi 0 0 5 4 
Simplisetia aequisetis 0 1 8 330 
Armandia sp. 0 0 0 2 
Euzonus sp. 2 11 0 2 
Travisia sp. 1 0 0 0 
Leodomas johnstonei 0 5 0 15 
Scoloplos normalis 62 112 246 27 
Scoloplos simplex 4 0 7 15 
Phyllodoce sp. 11 1 8 2 
Anoides oxycephala 7 0 0 3 
Boccardia sp. 3 0 217 1064 
Boccardiella sp. 5 0 188 6 
Prionospio sp. 3 0 1 1 
Spionid sp. D 0 0 4 0 
Spionid sp. F 2 0 0 3 
Spionid sp. H 0 0 3 6 
Spionid sp. I 0 0 0 1 
Spionid sp. J 0 0 1 3 
Hirudinea unid. 0 0 0 1 
Crustacea     
Amphipod sp. A 17 7 1 0 
Amphipod sp. B 6 2 3 4 
Amphipoda sp. D 0 0 2 2 
Atylus sp. 0 0 1 0 
Gammaropsis sp. A 81 4 268 27 
Limnoporeia kingi 0 10 0 0 
Limnoporeia yarrague 46 3 67 72 
Melitidae sp. 55 0 0 5 
Paracorphium sp. 860 0 4313 5142 
Phoxocephalidae unid. 9 0 1 8 
Platyischnopidae unid. 3 0 0 1 
Tethygeneia sp. A 15 1 8 6 
Urohaustorius halei 119 81 26 63 
Elminius covertus 0 2 20 0 
Cumacea sp. A 0 0 7 3 
Dimorphostylus colefaxi 18 18 13 3 
Amarinus spp. 2 0 0 11 
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Bellidillia laevis 1 0 1 1 
Biffarius spp. 174 3 11 4 
Heloecius cordiformis 19 1 4 1 
Macrophthalmus latifrons 16 0 0 0 
Mictyris platycheles 104 161 15 16 
Mysidae spp. 4 0 6 2 
Paragraspus gaimardii 6 0 0 0 
Actaecia bipleura 10 77 1 0 
Cirolanidae sp. A 2 0 4 0 
Pseudolana concinna 25 40 2 0 
Serolid unid. 0 0 0 1 
Sphaeromatidae unid. 0 7 6 0 
Tanaidae unid. 0 0 1 0 
Molluscs     
Anapella cycladea 1 19 0 0 
Arthritica semen 107 22 566 566 
Bornia trigonale 0 0 1 0 
Electroma georgana 1 0 0 0 
Katelysia rhytiphora 2 0 1 1 
Katelysia scalarina 149 45 45 25 
Mysella donaciformis 107 85 197 44 
Paphies elongata 1 0 3 7 
Paphies erycinea 627 2068 721 323 
Retusa pelyx 0 0 0 1 
Solemya australis 0 0 0 10 
Soletellina biradiata 0 1 0 0 
Tellina deltoidalis 6 1 9 8 
Thracia lincolnensis 0 1 0 0 
Thraciopsis peroniana 0 0 1 4 
Agatha metcalfei 0 0 2 0 
Ascorbis victoriae 7 0 0 22 
Hydrococcus brazieri 1 31 497 124 
Nassarius spp. 22 43 68 15 
Patelloida insignis 0 0 1 0 
Polinices conicus 2 1 2 1 
Salinator sp. 0 11 1 3 
Tatea rufiabris 0 0 0 8 
     
Chironomidae spp. 13 3 1 18 
     
Nemerteans unid. 5 1 1 3 
     
Phascolosoma annulatum 0 0 7 2 
     
Edwardsia sp. 0 0 4 0 
     
Total no. individuals 2876 3004 8089 8260 
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