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Summary 

Environmental managers are often confronted with unplanned or 
accidental disturbances that may lead to environmental impacts. 
Procedures for detecting or measuring the size of such impacts are 
complicated because of the uncertainties due to having no data from 
before the disturbance and because of the intrinsic variability of most 
natural measures. Here, a protocol for detecting impacts is illustrated 
for single-measure variables (numbers of individual species) and 
multivariate measures (relative abundances of invertebrates in 
assemblages). The case concerns drainage of acidified water into an 
estuary due to construction of a drainage channel in an area of 
wetland, for which there had been no prior investigations, i.e. no 
ÒbeforeÓ data. The spatial extent of any impact was also unknowable. 
Sampling was therefore designed to allow for impacts of only a few 
tens of metres (using control sites 50 m from the mouth of the 
channel) and impacts covering much larger areas (500 m and 1 km 
from the mouth of the channel). Invertebrates in the mud around the 
channel and in control sites were sampled in replicated cores and the 
amount of seagrass in each core was weighed. Average abundances of 
invertebrate animals and weights of seagrass were compared, as was 
variation among samples in potentially impacted and control sites  
(using univariate analyses of variance). Sets of species were 
compared using multivariate methods to test the hypothesis that there 
was an impact at one of the scales examined. In fact, there was no 
evidence for any sort of impact on the fauna or seagrasses; the 
disturbance was a short-term pulse without any obvious or sustained 
ecological response. One consequence of the study was that the local 
Council was able to demonstrate no impact requiring remediation and 
no penalties were imposed for the unapproved construction of the 
channel. The implications of this type of study after an environmental 
disturbance are discussed.  The study identifies the need for clear 
definition of relevant hypotheses, coupled with rigorous planning of 
sampling and analyses, so that reliable answers are available to 

 

In the ideal world you will have 
the opportunity to include 
samples taken before as well as 
after an action, and to have 
adequate reference or control 
sites for comparison. Unless you 
are lucky unplanned events will 
mean you no ÒbeforeÓ data and it 
may even be difficult to find 
ideal reference sites. Even if you 
have some data they may not be 
adequate to define the variability 
in the system or may be the 
wrong kind of data because they 
were collected for another 
purpose. 

Lack of ideal designs limits how 
much you can say about what 
has happened and, particularly, 
the implications for other 
situations. DonÕt assume either 
that you can nothing, or that you 
can know everything from these 
less than ideal situations. 



regulators and managers. 

Key words: acidified water, benthic assemblages, disturbance, 
seagrass, estuary 

Introduction  

A common problem confronting environmental managers and 
regulators is the lack of efficient methods for detecting or measuring 
the scale and scope of environmental impacts caused by accidents or 
sudden changes to a habitat. For example, coastal oil-spills, accidental 
releases of industrial wastes into an estuary or the unplanned (and 
unapproved) destruction of a patch of habitat can cause changes in 
numbers of types of animals and plants and loss of normal ecological 
function. Where disturbances are planned - for example in the case of 
a coastal development such as a marina - organized data are usually 
obtainable about the ecology of the area before the disturbance. This 
prior information can be used to assess the degree of environmental 
impact. In such situations, there is extensive theory and practical 
scientific knowledge about how to measure, analyse and interpret 
environmental impacts (see Green (1979) and the more recent 
developments in Underwood (1993)). In contrast, in the case of 
accidents or unplanned disturbances to habitats, it is not 
straightforward to determine how much environmental impact, if any, 
has occurred. 

 

 

 

 

 

 

 

 

 

There is a wide literature on 
ÒError! Hyperlink reference 
not valid., due to the inability to 
predict either the event or the 
Error! Hyperlink reference 
not valid. (both space and time). 

The lack of previous data Ð particularly from properly designed 
sampling programmes Ð makes it quite difficult to be sure about the 
impact. This is well known and has been much discussed in scientific 
literature (for example, see Glasby & Underwood 1996). Apart from 
this, unplanned or accidental disturbances create other problems. 
Inevitably, there has been no risk assessment, nor any prior ÒscopingÓ 
study to determine what sorts of ecological responses may occur, how 
important they may be to that habitat, what size of response is likely 
and what might be organized, in advance, as a managerial response to 
an impact. Particularly frustrating is the lack of good advance 
assessment of how extensive an impact may be, i.e. over how large an 
area any impact has occurred. 

The best possible designs are 
based on the BeforeÐAfterÐ
Control-Impact (Error! 
Hyperlink reference not valid.) 
model, particularly the ÒErro r! 
Hyperlink reference not 
valid.Ó using multiple reference 
sites. Much thought has gone 
into dealing with less than 
desirable situations (like this). 

The size of the response is 
linked to management; ie what 
impact is big enough to be of 
concern. Statistically this is the 
ÒError! Hyperlink reference 
not valid.Ó and is important to 
determining the Error! 
Hyperlink reference not valid. 
of your study. Power is the 
chance that you will actually 
detect an impact against the 
ÒnoiseÓ of the system. 

This paper summarises a practical protocol to provide reliable 
information to environmental managers for assessing environmental 
impacts. The analyses and interpretations would assist in formulating 
responses and remediation or to guide regulators with respect to 
issues of non-compliance and penalties, where these are appropriate. 

 

The example used to illustrate the protocol concerns a disturbance to 
a saltwater coastal lagoon that had not previously been examined for 
potential impacts. The example is, however, typical of many such 

The example may be ÒtypicalÓ 
but never assume you can simply 
copy a design to another 
situation. The intention is to 



problems and the scientific procedures described here are widely 
applicable for other habitats. The procedures identify a number of 
practical issues and a methodology is described that, if followed, 
would assist managers in other similar cases. Where there is large 
natural variation in the types and numbers of animals and plants 
present, analysis and interpretation of environmental change are 
complex. Consequently, the analyses must be capable of detecting the 
impact against a lot of background noise. This inevitably requires 
quite complex procedures, examples of which are summarised here. 

provide an opportunity to see a 
how experts approach the design 
of a sampling program, not to 
give a recipe!! 

 

As noted above your tests must 
have sufficient ÒpowerÓ to detect 
noise. 

Logical and statistical underpinning of these procedures 

In environmental assessments of this form, as in all other ecological 
investigations, the appropriate statistical tests are more obvious if 
there is a clear relationship between the observations, the explanatory 
models and the hypotheses being tested (Underwood 1991, 1997a). 

 

Any analytical protocol needs to 
be based on a clearly articulated 
Error! Hyperlink reference 
not valid., i.e. a statement of 
what you believe occurred that 
could be tested. 

To be able unambiguously to identify environmental impacts on 
single variables (e.g. numbers of species, biomass of individuals, 
etc.), one needs to compare replicate measures from an ÒimpactedÓ 
site to similar measures from a number of control sites with measures 
taken before and after the ÒimpactÓ (Underwood 1993). These 
techniques, called Error! Hyperlink reference not valid. , are based 
on traditional analyses of variance. They compare the magnitude of 
change in an ÒimpactedÓ site to natural change in control sites. No 
significant difference means that the ÒimpactedÓ site falls within the 
range of natural variability and there is no evidence of impact. 
Although originally designed for conditions with ÒbeforeÓ and ÒafterÓ 
data, similar analyses can be used to measure differences between an 
ÒimpactedÓ site compared to natural variability when there are no data 
from before the ÒimpactÓ, i.e. for most accidental or unplanned 
impacts. Including various temporal scales allows distinction between 
ÒpulseÓ and ÒpressÓ disturbances (Glasby & Underwood 1996) and 
inclusion of multiple spatial scales allows the spatial extent of the 
impact to be identified. Beyond-BACI procedures are currently 
among the most powerful tools available for identifying 
environmental impacts. 

Error! Hyperlink reference 
not valid. is a necessary 
component of any study to 
separate effect from ÒnoiseÓ. 

 

The issue of Error! Hyperlink 
reference not valid. is discussed 
elsewhere but in this case where 
a one-off event has occurred we 
are left with data that we must 
use to the best of our ability to 
choose about an hypothesis. If 
we could repeat the 
ÒexperimentÓ other designs and 
analyses become available! 

 

The Error! Hyperlink 
reference not valid. must be 
clearly understood, both in space 
and time. 

Many hypotheses are not, however, about single univariate measures, 
but about collective sets of data, e.g. the types and relative 
abundances of all species in an assemblage. Several analytical 
techniques exist for measuring changes in assemblages in response to 
ÒimpactÓ, including tests of mean differences (e.g. ANOSIM; Clarke 
1993). This procedure is based on a matrix of similarities calculated 
for all pairwise comparisons among all replicates in all samples, using 
one of many different dissimilarity measures (Bray-Curtis 
dissimilarities are generally best for ecological data; Clarke 1993). 
Unfortunately, because of the complexities of multivariate data, 
ANOSIM cannot deal with more than 2 factors simultaneously and 
does not measure interaction terms in orthogonal designs. Therefore, 
multivariate data cannot be analysed with the same level of 
sophistication as Beyond-BACI designs. 

This is why your hypothesis 
must be explicit; what kind  of 
difference is important and how 
will you measure it? It is critical 
that your statistical tests are 
appropriate to your design. 

 

The links below provide an 
overview of Error! Hyperlink 
reference not valid. and a more 
detailed discussion of Error! 
Hyperlink reference not valid. 
approaches. 

 

Finally, ÒimpactsÓ may alter variances, rather than mean measures. 
Variability of univariate measures can be identified in Beyond-BACI 

 



designs (Underwood 1992). Variability in assemblages can be 
measured using Bray-Curtis measures of dissimilarity, calculated 
between pairs of replicates with no replacement. These dissimilarities 
are then independent univariate measures, which can be used in 
analyses of variance (Underwood and Chapman 1998). 

A case study 

Throughout New South Wales, NSW Fisheries has responsibility for 
management and enforcement where seagrass habitat is either directly 
or indirectly disturbed (Fisheries Management Act, 1994). The 
Tuggerah Lakes estuary is managed by Wyong Shire Council and 
Òon-the-groundÓ management includes maintenance of the foreshore 
and beaches, harvesting of macroalgal and seagrass wrack, dredging 
of the tidal delta to alleviate flooding and improve flushing and 
controls of erosion and sediment (Roberts 2000).   

On 4th September 1999, Wyong Council built a channel through a 
wetland on the shores of Tuggerah Bay in the Tuggerah Lakes estuary 
(Fig. 1). The original purpose of the channel was to alleviate flooding 
to houses adjacent to the wetland but, as a result of the channel, 
acidified water (pH ranged from 4 - 6) drained into the bay. The acid 
was believed to derive from acid sulphate soils in the wetland 
(Roberts, unpublished data), but its exact nature is unimportant. The 
channel released water of reduced pH, possibly causing an impact on 
animals and plants in the surrounding sediments. Restoration of the 
disturbed wetland was done by Wyong Shire Council. The channel 
was ÒpluggedÓ within three weeks of its construction (on 25th 
September, 1999). The excavated material from the channel was also 
ÒlimedÓ to help neutralise the acid-sulphate potential of the soil. 
Within 12 months, the vegetation at the disturbed site had recovered 
to similar levels found in reference sites close by (Sainty 2000). 

 

Although the channel was closed after only three weeks, there were 
concerns by NSW Fisheries about potential impact on the animals 
living in the shallow subtidal sediments and the seagrasses adjacent to 
the channel. This study was done to test the hypothesis that such an 
impact, if it occurred, would alter the assemblage of benthic animals 
and the seagrasses in the area affected. Because the potential impact 
had not been foreseen, there were no ÒbeforeÓ data. In addition, the 
spatial scale of any potential impact could not be estimated. 
Therefore, it was necessary to design a sampling programme to 
identify impacts on the animals and/or seagrasses at a range of 
distances from the site of ÒimpactÓ, using only data collected after the 
ÒimpactÓ. 

 

Sampling design 

To test whether there was a localised impact, two control sites were 
chosen 50 m east (called 50E) and west (50W) of the channel 
opening. the channel opening was nominated the potentially impacted 
site, PIS. Lack of significant difference between the PIS and these 
control sites may indicate no environmental impact, or might indicate 
that the impact was large enough to encompass the control sites, thus 
creating a larger, potentially impacted location Ð called PIL (see Fig. 
1). To discriminate between these two alternatives, control locations 
at increasing distances from the site of ÒimpactÓ (PIS) were needed. 

 

Any design needs Error! 
Hyperlink reference not valid. 
to have any explanatory power. 

 

 

The first stage of dealing with 
spatial scale. 

The second stage of dealing with 



We incorporated control locations at two larger spatial scales: 500 m 
(500E, 500W) and a kilometre east and west (1000E, 1000W) of the 
channel. Two sites (called 500E-1, 500E-2, etc.), 50 m apart, were 
sampled in each of these locations and compared to two sites, chosen 
at random from the three sites in the PIL. Any larger impact was 
considered unlikely because of the limited period during which the 
channel was open and therefore the limited time for acidified water to 
spread in an enclosed water-body. Nevertheless, the design could be 
extended to include any number of spatial scales. 

scale 

Methods 

In each site, samples of benthos and seagrass were collected from 
each of two plots, approximately 10 m apart, using six cores, 10 cm 
diameter and 10 cm deep. Samples were collected on 28th September, 
1999, i.e. 24 days after the channel was dug. If the channelÕs release 
of acidified water had caused deleterious changes in local benthic 
assemblages, 24 days is far too short a time for any recovery 
(Chapman and Underwood, unpublished data). So, any impacts would 
still have been evident. The replicate plots ensured validity of 
comparisons of sites or locations. 

 

Internal samples are taken to 
estimate variability  in the data 

 

Data from other studies were 
available to understand issues of 
time. In the absence of such data 
other samples would be required 
to test recovery. 

Standard methods of extracting the animals were used and they were 
identified to broad taxonomic groups (e.g. Gray et al. 1988; Warwick 
1988; Somerfield & Clarke 1995; Olsgard et al. 1997; Chapman 
1998), which has been successful in identifying spatial patterns of the 
benthos of Tuggerah Lakes (Chapman 1999). Seagrasses were 
separated from the sediment, sorted to species (Halophila ovalis (R. 
Brown) Hook, Ruppia megacarpa Mason and Eel-grass, Zostera 
capricorni Ascherson) and the wet weight of each species recorded. 

Statistical analyses 

Differences from place to place in the assemblage of benthic animals 
were analysed using ANOSIM (Clarke 1993). This analysis compares 
the relative numbers and types of all the species present in samples 
from each place. It uses standard measures, called measures of 
dissimilarity from sample to sample (in this case, Bray-Curtis 
measures of untransformed data were used to measure dissimilarities 
from core to core). The spatial patterns in these assemblages were 
illustrated in nMDS plots, which show which samples have similar 
sets of animals and which are more different. All six plots from the 
PIS and near controls (50E and 50W) were compared, so that there 
were measures of differences in animals from plot to plot in the PIS, 
from plot to plot in each control and between each plot in the PIS and 
each plot in the controls. If there were an impact, the latter measures 
(between each plot in the PIS and each plot in the Controls) should be 
larger than any of the other measures, which all estimate natural 
spatial variability or ÒnoiseÓ. To measure any impact at the larger 
spatial scales, similar comparisons were made between sites across 
locations, combining the data from the two plots in each site. 

 

 

 

 

 

 

 

It is realistic to suggest that this 
is not the place to explain the 
details of statistical methods. 
Rather, think clearly about the 
kinds of questions you need 
answers to and get good advice 
if necessary! Ideally, you should 
find a well-trained and 
experience quantitative 
ecologist. You can plug numbers 
into equations, but putting the 
right numbers into the right 
equation is critical. 

Measures of variability in the assemblage were calculated at two 
spatial scales: among cores within each plot (a scale of metres) and 
between plots within each site (a scale of 10s of metres). This was 
done by making two pairs from those in each plot. The Bray-Curtis 
measures of dissimilarities from these two pairs give two independent 

This deals with issues of 
ÒwithinÓ and ÒbetweenÓ 
variability. This is an important 
part of Error! Hyperlink 
reference not valid. of the 



measures of variability within each plot. The remaining two cores 
were paired across plots within each site. Therefore, for each site, 
there were two independent measures of variability within each plot 
and two measures of variability between plots. For measuring a small-
scale impact, these were compared in an analysis of variance (Factor 
1, 3 Sites; Factor 2, 3 Scales of comparisons). An impact would show 
as an interaction between Sites and Scales, i.e. the PIS should show a 
difference in variability within one or both plots or between plots, 
relative to the control sites. At the larger scales, similar measures 
were made, but Locations was included as another factor in the 
analysis. 

Because small crustaceans (amphipods), worms (polychaetes) and 
snails (gastropods) made up 17 %, 71 % and 10 %, respectively, of 
the total abundances of all animals, abundances of these taxa, in 
addition to the wet weights of seagrasses, were also separately 
compared 

design. This is the conscious 
allocation of replicates to ensure 
your analyses will provide you 
with useful results. 

RESULTS 

Evaluation of a small-scale impact 

There was no significant difference in the benthic assemblages among 
the six plots in the PIS and two controls sites (ANOSIM;  R =-0.04, P 
= 0.78;  Fig. 2a). There was no evidence of an impact altering the 
assemblage. 

The mean Bray-Curtis measures of dissimilarity between pairs of 
cores was similar within plots and between plots at each site (all F-
ratios P > 0.05), indicating that the variability in the assemblages was 
similar at the scale of metres (within plots), 10s of metres (between 
plots) and among sites. There was no evidence of an impact altering 
the spatial variability of the assemblage. 

Analyses of the number of amphipods, gastropods and polychaetes 
per core showed no significant differences among plots within sites, 
or among the three sites (Table 1; Fig. 3). There was no evidence of 
an impact altering the average abundances of the dominant fauna. 

Similarly, neither of the seagrasses, R. megacarpa or Z. capricorni, 
showed any significant differences in wet weights between plots or 
among sites (Table 1; Fig. 3, R. megacarpa, Z. capricornia). The third 
seagrass, H. ovalis (Fig. 3, H. ovalis), on the other hand, showed a 
significant difference between plots in the PIS. There was much more 
of this species of seagrass in one of the plots than in the other plot, or 
in either of the two control sites. No species showed a significant 
difference between the PIS and control sites. There was no evidence 
of an impact altering the average abundances of seagrasses because 
the only significant difference was a larger biomass of one species in 
one plot in a potentially impacted site. 

 

One of two conclusions can be reached from these analyses. First, 
there was no impact on any of the biotic variables measured. 
Alternatively, there was a major impact that spread more than 50 
metres in each direction and thereby affected the two, smaller-scale 
control sites. 

Evaluation of a large-scale impact (< 1 km in extent) 

Think carefully about how data 
are to be interpreted. This 
outcome was anticipated at the 
design stage so samples could be 
collected without adding further 
variability. 



To provide balanced samples to test the hypothesis that the impact 
was larger, one (50W, chosen at random) was omitted and the 
remaining two sites in the PIL compared to replicate sites in each of 
two control locations (500E and 500W). 

In contrast to the small-scale analyses, ANOSIM showed a significant 
difference in the assemblages among sites (Global R = 0.18, P < 
0.001) and most pairwise comparisons were significant (at P < 0.05). 
This is not unusual considering the spatial scale over which the 
assemblage was sampled (e.g. Morrisey et al. 1992). Nevertheless, 
the sites in the PIL were each similar to some (but not all) of the sites 
in the control locations: PIS-1 was not different from 500E-1 nor 
from 500W-1. PIS-2 did not differ from 500E-1. Some sites in control 
locations were similar; others had different assemblages. There was 
therefore no clear pattern that separated the PIL (both sites) from the 
locations 500 m east or west (Fig. 2b).  At this larger scale, there was 
no evidence of an impact altering the assemblage. 

Bray-Curtis measures of dissimilarity within and between plots were 
calculated as before and compared among locations and sites within 
locations. All F-ratios were non-significant (P > 0.05), indicating that 
the patchiness of the assemblage at the scale of metres and 10s of 
metres was similar in the PIL to that in the two control locations, 500 
m east and west. There was no evidence of an impact altering the 
spatial variability of the assemblage. 

Analyses of amphipods, gastropods and polychaetes were similar to 
those shown in Table 1, but included an additional factor of 
Locations, with Sites nested in Locations (see details in Underwood 
1993). Amphipods and polychaetes showed no spatial differences 
between plots, sites, or between the PIL and the locations 500 m east 
and west (Fig. 3, amphipods, polychaetes). Gastropods showed 
significant variation among sites in the control locations, but, again, 
no significant difference between the PIL and the control locations 
(Fig. 2b). There was no evidence of an impact altering the average 
abundances of the dominant fauna. 

Z. capricorni showed no significant differences at any level of the 
analyses (Fig. 3, Z. capricorni).  R. megacarpa showed similar 
variability between plots and sites in the PIL and two control 
locations, but there was significantly less biomass in the PIL than in 
the two control locations (the technical outcome was that F = 18.56, 
with 1 and 60 degrees of freedom, tested against the Residual when 
P(S(C)), S(C) and C terms could be eliminated at P > 0.25, P < 
0.001). Biomass of H. ovalis was very patchy at the scale of plots, 
although was similar between the PIL and control locations. The 
biomass of H. ovalis differed significantly between the two control 
locations, but the biomass at the PIL did not differ significantly from 
the average of these. Therefore, except for R. megacarpa, there was 
little evidence of an impact within 500 m of the channel. 

Evaluation of a larger impact 

Again, logically, the lack of any differences between the PIL and 
locations 500 m east and west of the channel could reflect an impact > 
500 m. To test this formally, the PIL could be compared to the 2 

 



control locations, 1 km east and west (1000E, 1000W).  

Nevertheless, in this case, this was not considered necessary because: 

The MDS plot (Fig. 2b) indicated no pattern consistent with an 
impact. The sites at PIL were in the centre of the other data (500E, 
500W) indicating the naturally variable and patchy nature of shallow-
water benthic assemblages, rather than providing any evidence for 
impact.  

The abundances of amphipods, gastropods and polychaetes were not 
formally analysed because the mean abundances at 1 km east and 
west were obviously within the range of variability of the PIS and all 
control sites nearer the PIS (see Fig. 3).  

Biomass of seagrasses were not further analysed because of the 
patchy distributions between plots and sites in many of the locations 
and among the different locations and the lack of any evidence for 
any consistent change between the PIS and all locations east and west 
(Fig. 3). Although all three species of seagrasses were rare in the 
vicinity of the PIS, each was equally or more rare in one or more sites 
hundreds of metres or a kilometre away. Finally, in the sites where 
seagrass was uncommon, there was no large below-ground biomass. 
So, there was no evidence that there had been a recent dieback. 

Discussion 

Main findings 

There was no evidence of an impact on the assemblages of 
macrobenthic organisms or seagrasses from the discharge of the 
acidified water into Tuggerah Bay. The disturbance to the receiving 
waters and benthic assemblages could be classed as a  Òpulse 
disturbanceÓ, i.e. of short duration (Glasby & Underwood 1996) and 
did not cause any long-lasting response in the seagrass or animals.   

In this case management action 
had already been taken; in the 
absence of any observable 
impact no further action was 
required. This does not excuse 
the original action and ongoing 
discharge may have resulted in 
environmental impacts. 

Pulse disturbances are of short 
duration, whereas ÒPress 
disturbanceÓ is used for ongoing 
disturbances. It is important to 
remember, however, that Error! 
Hyperlink reference not valid.. 
Repeated pulses may have 
similar impacts to a press 
disturbance. 

Implications for management  

From a managerial perspective, the drain and subsequent discharge of 
acidified water into the bay was neither condoned nor necessary, but 
there was an obligation to establish whether there had been any 
associated impact from this unplanned disturbance. The state 
government agencies with some responsibility for managing the 
estuaries in NSW include the Department of Land and Water 
Conservation (DLWC), Environment Protection Authority (EPA) and 
NSW Fisheries.  Most management of estuaries is, however, done at 
the scale of local government (Councils), because it is at this scale 
that resources are available to implement Òon-the-groundÓ works. For 
NSW estuaries, there are many regulations and laws that cover coastal 
wetlands and their disturbance (OÕLoughlin et al. 1999). In this case 
study, acidified water from a drainage channel was discharged into 

 



seagrass habitat. Evidence from elsewhere (e.g. Jayasinghe and Silva 
1993) has shown that this can cause adverse effects on fauna. 
Laboratory studies on the toxicology of acidified water indicates that 
there are serious potential effects (Hyne and Wilson 1997). Such 
laboratory studies are, however, not a good guide to reality (see 
Underwood 1995). It is not always the case that acid discharge will 
cause impacts on surrounding fauna or flora. Apart from the case 
described here, Roach (1997) analysed fish and the animals in 
sediments in six sites affected by discharge of acid following rainfall 
in the Richmond River. He found no evidence of any response to the 
acid (as opposed to the freshwater itself), except in one site where 
there was continuous discharge of acid affecting the surrounding 
assemblage of animals. The present case study identified no effect, 
but does provide some of the information about consequences of 
acidification of estuarine waters that was identified as being needed 
by Sammut et al. (1996). 

There are, however, two issues that need to be considered with 
respect to the procedures discussed here. First, it is always better to 
have relevant information from before an environmental disturbance, 
so that changes can be examined rather than being forced to test 
hypotheses about differences after the event (Green 1979; Underwood 
1993, 1994). Second is the issue of scale of impact that could be 
detected. Where it is anticipated that environmental disturbances can 
only cause small effects, sampling needs to very carefully designed. 
Otherwise, there will be inadequate replication and statistical analyses 
will fail to find an impact if there is one. Such studies will often 
necessarily be expensive because of the effort needed. 

 

The ideal is often not available; 
reality does not mean you 
cannot say anything; rather it 
limits what you can say. In this 
case there was no impact, but 
you cannot then extrapolate to 
other cases; that is a real 
consequence of not having 
controls. 

If small impacts are anticipated, adequate resources of time and 
money must be available to ensure a proper study. Otherwise, no 
reliable conclusions will be reached, with potential for further 
environmental degradation if small, undetected impacts are occurring 
(Gray 1996; Underwood 1997b). 

In cases such as the one described here, effects of acidified water 
were supposed to be large (NSW Fisheries, pers. comm.) and so, if 
present, should have been detected at one of the scales examined.   

Remember that you are not in 
the business of finding any 
difference! You must recognise 
and define what size of 
difference would require you to 
make a management response, 

Implications 

The inability to detect environmental impacts associated with 
unplanned anthropogenic disturbance is an on-going problem for 
managers of NSW coastal estuaries. This study highlights the need for 
logical experimental designs and a protocol so that managers can 
make informed decisions concerning anthropogenic disturbance in the 
management of our estuaries. NSW Fisheries chose not to prosecute 
with regard to the discharge of acidified water to seagrass beds, on the 
basis of the results obtained in this study. Had the matter been taken 
to court, it would have been simple to demonstrate that an offence had 
been committed, but any fines or other penalties levied are generally 
set on the basis of the amount of environmental impact. It is therefore 
important to have reliable data to produce a trustworthy and accurate 
Statement of Environmental Effects.  

In the present case, restoration of the disturbed site started rapidly and 
no environmental impact to the ecology of the receiving waters could 

 

Management requires clear 
thinking and the ability to learn 
from experience. Logical 
experimental designs with 
appropriate analyses can ensure 
that managers can learn and 
adapt to changing 
circumstances. It is always a 
good idea to get your designs 
reviewed; it is easy to get it 
wrong (even when you think 
you have got it right) and will 
ultimately save time and 
resources. 

 



be found. If this study had not been done, the proponents of the 
disturbance would have had to throw themselves on the mercy of the 
court in terms of the amount of the fine and costs. This would almost 
certainly have wasted time and could have proven much more 
expensive than doing a proper, quantitative environmental analysis. 
Using coherent sampling designs allows a safe conclusion to be 
reached that there was no impact, or it leads to the discovery of an 
impact with fairly precise knowledge of its scale and the 
consequences to benthic ecology. In the latter case, reliable 
information is then available to stop further environmental 
degradation and to plan remediation of the affected habitat.   

Inevitably, most local government agencies do not have the necessary 
expertise to assess potential impacts associated with the types of 
disturbance described in this paper. The experimental designs are, 
however, straightforward for well-trained consultants and are cost-
effective to implement. As sampling and analysis proceed from the 
scale of the initial disturbance to larger spatial scales, informed 
decisions can be made about whether we need yet more sampling, 
without fear of missing an impact (i.e., technically, without great risk 
of making a statistical Type II error). Where a small, but statistically 
non-significant, impact occurs, but is not identified because the 
intensity of sampling is insufficient, the capacity to detect the impact 
in analyses at a larger scale is enhanced (see explanation in 
Underwood 1992, 1994). So, these analyses are quite precautionary. 
In this case, if we had detected an impact at a small scale, further 
sampling, including sampling at different, later times, may have been 
necessary. 

 

 

 

 

 

 

 

The Resources Kit emphasises 
the importance of managers 
defining the problem and being 
clear how any study is linked to 
management. Lack of expertise 
is less of a problem when you 
know exactly what kind of help 
you need, and you still need to 
get the advice!). 

 

It is important to understand the 
difference between Error! 
Hyperlink reference not 
valid.. Ensuring that Type II 
errors are avoided is consistent 
with the Precautionary 
Principle. 
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Table 1.  Asymmetrical  (Beyond-BACI) analyses of (a) abundances of amphipod crustaceans, 

snails (gastropods) and worms (polychaetes) and (b) biomass of seagrasses, Z. capricorni, R. 

megacarpa and H. ovalis in the PIS and the 2 near control sites (50E and 50W), n = 6.  

a Amphipo ds Gastropods  Polychaetes 

Source df  MS F P MS F P MS F P 

Sites  2 

 Among controls   1 58.6 0.29 ns 2.5 1.49 ns 1080 0.47 ns 

 Impact vs controls  1 286.0 1.41 ns 1.0 0.57 ns 3431 1.48 ns 

Plots(sites) 3 

 Plots(controls)  2 148.9 0.49 ns 3.9 2.30 ns 1941 0.84 ns 

 Plots(impact)   1 368.5 0.19 ns 2.0 1.18 ns 2494 1.08 ns 

Residual 30  202.4   1.7   2318 

b Z. capricorni  R. megacarpa H. ovalis  

Source df  MS F P MS F P MS F P 

Sites  2 

 Among controls   1 0.001 0.05 ns 0.14 1.56 ns 0.03 0.03 ns 

 Impact vs controls  1 0.041 1.53 ns 0.15 1.69 ns 3.91 ns 

Plots(sites) 3 

 Plots(controls)  2 0.019 0.70 ns 0.25 0.25 ns 0.04 0.03 ns 

 Plots(impact)   1 0.000 1.00 ns 0.00 1.00 ns 5.9 5.54 * 

Residual 30  0.027   0.09   0.07 

 

 

 

 

 



 

Figure 1. The location of a potential impact (PIS, ¥) and east and west control sites (! ) in 
the potentially impacted location (PIL) in Tuggerah Bay, NSW.  The more distant control 
locations (500E, 500W, 1000E, 1000W) are also shown.  The stippled area is mangrove forest, 
hatched area is seagrass. 
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Figure 2.  Differences in assemblages of animals from (a) site to site and (b) location to location.  

The diagrams are nMDS maps, which summarize all the information about the animals in 

samples (six cores at each of two plots in each location).  Each sample is represented by a symbol.  

The closer together any two symbols are, the more similar the two samples are and, conversely, 

two symbols far apart represent two very different samples.  In Fig. 2a, the six cores in each site 

are shown for the drainage channel, PIS:  , ;  50E:  ,  and  50 W:  , .  Here, the 

symbols all intermingle, so there are no systematic differences among samples that would have 

indicated an environmental impact.  In Fig. 2b, the data are averages (called centroids) of the six 

cores, for the drainage channel, PIL:  , ;  500E:  ,  and  500W:  , .  Again, there are no 

systematic differences.  Stress measures how well the graphic illustrates the original data;  stress 

of 0.07 and smaller is a good representation. 

Stress = 0.07 a

Stress = 0.00 b

Underwood et al. Figure 2



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  Mean (S.E.) numbers per core of crustaceans (amphipods), snails (gastropods) and 

worms (polychaetes) and wet weights (g) of 3 species of seagrasses in each of two plots in 

the two sites at the seven locations sampled (0 is the channel). 
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