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SUMMARY

CURRENT SPECIES STATUS:

Endangered (Schedule 1 Endangered Species Protection Act 1992); Endangered (ASFB
Threatened Species Listing); Critically Endangered (IUCN 1996 Red List), protected in 1995
under the Tasmanian State Living Marine Resources Act. The spotted handfish is endemic to a
small area of south eastern Tasmania. Once considered to be the most common of the inshore
handfishes, it has suffered a significant decline in abundance and is now rarely encountered.
Recent surveys of 50 sites covering the species previous known range located colonies at only
three localities and isolated individuals at a further seven. Total population estimates are not yet
available, although surveys of one site suggest a colony size of 300-500 individuals (adults and
juveniles). The spotted handfish is considered to be vulnerable to extinction due to its highly
restricted and patchy distribution, low population density, limited dispersal capabilities and a
reproductive strategy of producing low numbers of demersal eggs that are highly susceptibility
to disturbance.

HABITAT REQUIREMENTS AND LIMITING FACTORS:

Spotted handfish occur primarily on unconsolidated substrate ranging from well sorted coarse
sand and shell grit, to areas of fine sand and silt. They have been recorded from depths between
2- 30 m but appear to be most common in 5-10 m. Spotted handfish spawn around small,
vertical, semi-rigid structures. The stalked ascidian, Sycozoa sp, provides the primary spawning
substrate within the Derwent Estuary, although spawning around seagrasses, sponges, Caulerpa
and polychaete worm tubes has been recorded in Frederick Henry Bay. Reduction in available
spawning substrate, egg loss and a general decline in habitat quality caused by introduced
marine species or urban, rural and industrial development of the Derwent system may be factors
which negatively impact on the species. Due to their highly restricted dispersal capabilities, the
ability of spotted handfish to recolonise areas from which they have been displaced is
considered to be low.

RECOVERY PLAN OBJECTIVES:

To secure existing populations of spotted handfish, reduce the chances of future decline,
enhance populations in areas where numbers have been seriously depleted or lost and
subsequently achieve down listing from the current endangered status.

RECOVERY CRITERIA:

1. Spotted handfish populations re-established throughout areas of their previous range.
2. Dependency of the recovery effort on ESP funds reduced.
3. Community groups actively involved in the monitoring of spotted handfish populations and
those of other handfish species.
4. Spotted handfish permanently down listed from their current endangered status.
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ACTIONS NEEDED:

3.1 Provide the necessary organisational framework to implement the recovery plan
3.1.1 Maintain the continuity of the recovery team and revise membership as 
appropriate
3.1.2 Employ a project officer and ensure appropriate project management

3.2 Management of existing populations
3.2.1 Develop a Population Response Model (PRM) to assess and direct the 

recovery effort
3.2.2 Monitoring existing populations
3.2.3 Define population parameters required to develop the PRM and map 

critical habitat
3.2.4 Ensure appropriate legislative measures are implemented to secure

populations
3.3 Identify threatening processes and implement strategies to ameliorate their 

impacts
3.3.1 Monitoring threats at known colonies
3.3.2 Sediment toxicity trials
3.3.3 Strategies for controlling seastars

3.4 Establish the degree of isolation between colonies
3.5 Develop strategies to enhance populations in the wild by:

3.5.1 Continuing to develop captive husbandry protocols
3.5.2 Trialing the re-introduction of spotted handfish to areas where they 

previously occurred and monitor its success.
3.5.3 Trialing the deployment of artificial spawning substrate in areas where 
such substrate is limiting

3.6 Develop a collective functional plan that establishes the conservation status of
endemic Tasmanian handfish and provides strategies for their management
3.6.1 Implement a community network for reporting sightings of all handfish 
species
3.6.2 Establish the number of species of handfish present

3.7 Ensure public education and encourage community participation
3.7.1 Maintaining current commitment to public extension
3.7.2 Streamline reporting of information to the public

ESTIMATED COST OF RECOVERY*:

Actions 1 2 3 4 5 6 7 Totals

1999 165.9 139.4 125.8 12.4 40.3 2.5 4.6 510.4
2000 171.0 161.4 137.8 42.8 39.4 2.5 3.4 558.3
2001 190.2 164.1 125.8 30.3 34.2 14.9 3.4 562.9

Total 527.1 484.4 389.4 85.5 98.9 19.9 11.4 1631.6

*Costs expressed in $000’s. Note: costs are based on 1998 figures and are indicative only and will vary according to

the availability of facilities and the extent of support provided by cooperating agencies.

BIODIVERSITY BENEFITS:

The anglerfish family Brachionichthyidae (handfishes) is the most diverse of the eight fish
families endemic to Australia. All species occur in either coastal or continental shelf waters of
temperate southern and eastern Australia. Five of the eight currently identified species are
endemic to Tasmanian waters. Two of these have been listed as vulnerable and a third as
restricted by the ASFB Threatened Fishes Sub-committee. The low number of eggs produced,
limited dispersal of early life history stages and restricted distributions make all endemic
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Tasmanian vulnerable to disturbance. Knowledge of the biology, critical habitat requirements
and response to threatening processes of spotted handfish will provide information relevant to
assessing and managing other handfish species in the region.
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1. INTRODUCTION

Handfish are small, unusual, slow-moving, benthic fishes that prefer to 'walk' on their pectoral
and pelvic fins rather than swim. The pectoral or side fins are leg-like with their extremities
resembling a human hand (hence their common name). This adaptation, their curious walking
behaviour and colourful patterns give them significant public appeal.

In 1996, the spotted handfish became the first marine fish to be listed as "endangered" under the
Commonwealth Endangered Species Protection Act and followed a similar listing by the
Australian Society for Fish Biology in 1994, as well as State protection in 1995 (under
Tasmanian Fisheries legislation). It was subsequently listed by the IUCN as "critically
endangered" in 1996 and is the first marine fish for which funding has been dedicated (under the
Commonwealth Endangered Species Program) to establish a recovery plan. A recovery team
with representatives from CSIRO, DPI Fisheries, DELM, University of Tasmania, EA and the
Hobart Marine Board was formed in March 1996 to coordinate the recovery effort.

The spotted handfish was first discovered by the French explorer Peron in the late 1790ís, and
formally named and described in 1804, making it one of the earliest described fishes from
Australian waters (Last & Bruce, 1996). Despite this historical significance, very few studies
were subsequently conducted on the species and thus very little was known regarding its
biological characteristics or habitat requirements. This initially presented the most significant
impediment to developing recovery actions or indeed identifying the source and magnitude of
threat. Thus a series of interim projects were implemented in March 1996 (jointly funded by
Environment Australia's Endangered Species Program, CSIRO, DPIF (Tas) and FISHCARE) to
establish current status, basic biological details and collect initial data on habitat requirements.
Concurrent with this strategy was the development of captive husbandry techniques to study the
reproductive characteristics of the handfish and establish aspects of their early life history. A
secondary aim of captive husbandry was to establish the protocols required for a captive rearing
program (spotted handfish had never been successfully bred in captivity) as an insurance policy
should the species continue to decline in the wild or should re-introduction be identified as a
recovery action. Results to date are documented in Barrett et al. (1996), Bruce et al. (1997,
1998, 1998-submitted) and Green & Bruce (1998).

This recovery plan builds on these previous initiatives.

1.1 Description of species

The spotted handfish, Brachionichthys hirsutus (Lacepede, 1804), is a small handfish
(maximum size 120 mm SL) that is endemic to a restricted area of southern Tasmania (Figure
1).

Diagnosis: Body covered with small spinules; dermal tentacles usually absent. Distance from
snout to gill pore about 3.1 in total length. longest dorsal fin spine slightly shorter than longest
dorsal fin ray. Length of lure more than 5 in length of illicial stalk. Body white, cream or brown,



Spotted handfish Recovery Plan 1999-2001

covered in numerous small closely set brown, orange or blackish spots or (less commonly)
stripes. Dark saddles sometimes present dorsally above level of gill pore and below posterior
rays of second dorsal fin.

Handfish superficially resemble the more commonly encountered anglerfishes (Antenariidae)
and this often leads to incorrect identification (and subsequent misreporting) by the general
public. Apart from aspects of their internal anatomy (see Pietsch 1981), handfish can be
separated from anglerfishes by the form of the first dorsal fin (second and third spines connected
by membrane in handfish; separate in anglerfish) and the location of the gill pore (above and
behind pectoral fins in handfish; on "elbow" of pectoral fin in anglerfish).

1.2 Distribution

Handfish have among the narrowest ranges of any of the 4300, or so, marine fish known from
the Australian region (Last et al., 1983, Yearsley et al., 1997). Five of the eight currently
identified species are endemic to Tasmania and Bass Strait (Last et al., 1983). The red handfish
(Sympterichthys politus) and an undescribed species (Ziebell's handfish, Sympterichthys sp.)
appear to be confined to a few restricted, shallow reef habitats in south-eastern Tasmania.

The spotted handfish is endemic to the lower Derwent River estuary and adjoining bays and
channels (Figure 2). Spotted handfish appear to be distributed within colonies in restricted areas
of their range, although the level of mixing between colonies is unknown. Three reproductively
active colonies are currently known, although isolated individuals are occasionally reported
from other sites. Due to the restricted area of colonies, their accessibility and concerns regarding
either inadvertent or direct disturbance, neither the location of colonies, nor the location of
recent sightings are reported here.

1.3 Habitat

Spotted handfish primarily occur on unconsolidated substrate ranging from well sorted coarse
sand and shell grit, to areas of fine sand and silt. They are often found in shallow, shell filled
depressions or near rocks of low relief projecting from the substrate (Figure 3). They have been
recorded from depths between 2-30 m but appear to be most common in 5-10 m (Bruce et al.,
1998).

1.4 Biology

Prior to the commencement of the interim research projects, the biology of handfishes was
poorly documented. Published accounts included brief aspects of their morphology, osteology
and distribution (see Gomon et al., 1994, Last et al., 1983, Edgar et al., 1982, Pietsch, 1981).
Whitley (1949) described an adult female spotted handfish with eggs extruding from the body
and a 14 mm juvenile verrucose handfish. Last et al. (1983) reported that spotted handfish
attached its eggs to "solid objects on the bottom via thin threads" and that its diet consisted of
small shellfish, shrimps and polychaete worms.
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1.4.1 Individual identification

Spotted handfish have individually recognisable colour patterns (Figure 4) and can be measured
accurately in situ using vernier callipers. A photographic record has been established of each
fish sighted during interim projects as a reference for their identification. Markings start to form
after several months of age and are relatively stable after the first year. Changes in the pattern
after this age are minor and can be traced (e.g. a streak may break into two or more spots). The
ability to easily measure specimens in situ, and identify individual fish allows growth rate data
to be verified and individual movement patterns to be monitored. Individual identification also
allows the reproductive history of individuals to be monitored and will provide a way of re-
identifying and monitoring fish during re-introduction trials.

1.4.2 Feeding

Dietary data for spotted handfish are sparse. Last et al. (1983) reported that they preyed on small
shellfish, shrimps and polychaete worms. The stomachs of two small, wild caught, juvenile
spotted handfish contained amphipods (Bruce et al., 1997).

In aquaria, adult spotted handfish readily consume mysid shrimp and amphipods but will also
accept small live fish. Captive, newly hatched handfish do well on a diet of small amphipods
(Bruce et al., 1997).

It is unlikely that further dietary data will become available in the short term as analyses require
sacrificing wild fish. It is similarly unlikely that spotted handfish held in museum collections
will have their stomach contents analysed. Such specimens are both few in number and now
regarded as reference material that should not be damaged.

1.4.3 Reproduction

Spotted handfish spawn during September and October. Spawning occurs within colony
boundaries and there is no current evidence to suggest that broad scale changes in distribution
occur prior to spawning. Spawning in aquaria is preceded by displays between male and female
handfish consisting of a variety of fin and body movements. Fertilization is external. It is not
known if a single or multiple males fertilise the eggs of individual females in the wild. Egg
masses (comprising 80-250 eggs) are spawned on the bottom around an isolated semi-rigid
vertical object. The most common suitable substrate within the Derwent is the stalked ascidian
Sycozoa sp. and spotted handfish appear to use this ascidian almost exclusively in this estuary
(Figure 5). Spotted handfish eggs have also been observed around a variety of other substrata in
the single known colony outside the Derwent (e.g. sponges, seagrasses and polychaete worm
tubes - J. Ross, University of Tas. pers. comm.).

Each egg is separately housed in an elliptical, membranous, flask-shaped structure, the
neck of which has a prominent cup-shaped central pore as well as a thin tendril and a
larger diameter tubule on opposing sides. The surface of each flask is covered with
short, papillose, projections each approximately 0.2 mm in length. Tendrils, which are
individual non-branching structures form a tangled web within and around the egg
mass, and probably assisted in anchoring it to the bottom. Tubules, however, form a
continuous branching system that link each flask and hold the egg mass together. Both
tendrils and tubules appeared to be hollow. Flasks are approximately
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       Figure 1.  Spotted handfish (64 mm TL)
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Figure 2. The previous known range of spotted handfish is encompassed by this figure. The
actual locations of current colonies have not been indicated to ensure their security.
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Figure 3. Spotted handfish in natural habitat
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B31 Few spots B59 Dark markings

B69 Uniform spots B64 White markings

B68 Stripes B99 Pale

B52 Mixture B70 Spots on brown background

Figure 4. Distinctive colour patterns of handfish at Site 1.
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Figure 5.  Female spotted handfish with egg mass attached to ascidian
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5.5 - 6.0 mm in length and 4.2 - 4.3 mm in width. Eggs with full term embryos are
approximately 3.9 - 4.2 mm in length and 2.8 - 3.0 mm in width (Bruce et al., 1998 - submitted).

The female remains with the egg mass for the 7 - 8 weeks until hatching. Females in aquaria
continue to feed during this period and have been observed to probe the egg mass with their
modified first dorsal fin spine and occasionally mouth the egg mass.

Handfish lack the dispersive larval stage common in marine fishes. They hatch as fully formed
juveniles (6 - 7 mm in length), move straight to the bottom and appear to remain in the vicinity
of spawning (Bruce et al., 1998 submitted). This has two important consequences. First,
colonies may be relatively isolated (ie mixing between them is restricted) thus a reduction in
spawning success may seriously impact a colony. Second, the ability for handfish to recolonise
areas from which they have been displaced is likely to be low.

1.4.4 Age and growth

Spotted handfish hatch in November and grow at a relatively constant and rapid rate reaching a
size of 35 - 50 mm by the end of their first year and 70 - 80 mm in their second (Bruce et al.,
1998 submitted). Growth rate declines dramatically at this point to only a few millimetres per
year (Bruce et al., 1997).

Female spotted handfish are believed to reach maturity within the Derwent after 2-3 years at a
size of 75-80 (Bruce et al., 1998 submitted). Size at maturity for males is yet to be established.
However, the smallest male confirmed to have fertilised eggs spawned in captive rearing trials
was 87 mm TL (Bruce et al., 1997). Longevity is yet to be determined. Barrett et al. (1996)
reported a fish of 117 mm TL from the Derwent and fish of approximately 130 mm TL have
been reported from Frederick Henry Bay (J. Ross, University of Tasmania, pers. com.).

1.5 Reasons for listing

The spotted handfish is considered to be vulnerable to extinction due to its highly restricted and
patchy distribution, low population density, limited dispersal capabilities and a reproductive
strategy of producing low numbers of demersal eggs that are highly susceptibility to
disturbance.

There are only sporadic records of the spotted handfish during the 19th and early 20th centuries
but, with the advent of SCUBA equipment, numerous specimens were recorded in the Derwent
in the 1960ís and 1970ís. The spotted handfish was considered to be common throughout its
range (Last & Bruce, 1996, Last et al., 1983) and, ironically, it was sometimes referred to as the
common handfish.

In 1989, an honours student from the University of Tasmania attempted to gather information on
the basic biology and ecology of the spotted handfish. Surveys conducted at that time failed to
locate handfish in areas previously renown for sightings. Subsequently, only two spotted
handfish were reliably reported between 1990 and 1994. These results were the first indication
that spotted handfish had suffered a substantial decline in abundance during the 1980ís. The
decline prompted the Threatened Fishes Sub-Committee of the Australian Society for Fish
Biology to list the spotted handfish as endangered in 1994. Subsequently, all species of handfish
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were protected under the Tasmanian State Fisheries legislation in 1995. The spotted handfish
was listed by the IUCN as critically endangered in 1996 and it was listed under the
Commonwealth Endangered Species Protection Act, as endangered, also in 1996.

In early 1996, a dedicated dive and trawl survey covering 38 sites and monitoring catches from
DPIF trawl surveys at a further 19 sites, recorded 7 spotted handfish across the previous range of
the species (Barrett et al., 1996). Subsequent surveys by CSIRO located three small and highly
restricted colonies (Bruce et al., 1997).

The cause of the decline in spotted handfish is unclear. Bruce et al. (1998 in press) suggested
causes may include predation on egg mass or disturbance of benthic communities by the
recently introduced northern Pacific seastar, habitat modification through increased siltation,
heavy metal contamination or urban effluent. The Derwent is a heavily impacted estuary
receiving contaminant inputs from a variety of sources including sewage treatment works, large
industries (eg a paper mill and zinc refinery) and urban run off. Sedimentation rates are high in
certain localised areas within the estuary, particularly upstream of Hobart (Coughanowr, 1997).
However, whether significant changes have occurred to sediment type within habitats previously
occupied by spotted handfish have not been investigated. Improvements have been documented
in both heavy metal levels in biota within the Derwent over the last 20 years (Dineen and Noller,
1995) and in water quality over the last 10 years (Coughanowr, 1997) both as a result of
decreased emissions from sewerage treatment plants and industries. However, heavy metal
contamination within the estuary still remains a significant problem (Coughanowr, 1997) and
the impact of this on the spotted handfish is unknown.

The possible role of the northern Pacific seastar in the decline of spotted handfish has not yet
been established, although the timing of its discovery and subsequent increase in abundance
matches the 1980ís period of spotted handfish decline. The seastar is now abundant in many
areas where spotted handfish were previously common. Predation by northern Pacific seastars
on spotted handfish egg masses has not been observed in the wild, although this does not
preclude it as a factor in the decline. Northern Pacific seastars have been observed feeding on
the stalked ascidian commonly used as a spawning substrate within the Derwent. It is thus
possible that predatory loss of the ascidian may impact spotted handfish by reducing the
available spawning substrate. This hypothesis is supported by recent observations at one
handfish colony where a dramatic increase in seastar abundance coincided with very low
numbers of ascidians and very little spawning activity by handfish (Bruce et al., 1997, Bruce et
al., 1998 submitted).

1.6 Existing conservation measures

All species of handfish are currently protected under the Tasmanian State fisheries legislation.
This legislation prohibits the collection and retention of handfish from state waters without a
permit. Spotted handfish were protected under the Commonwealth Endangered Species
Protection Act in 1996. Spotted handfish have not yet been listed under the Tasmanian State
Endangered Species Protection Act, although a nomination is recommended under this recovery
plan.

The collection of baseline biological data, examining habitat requirements, monitoring of the
three known colonies, the development of techniques to assess population size and stability and
developing captive husbandry protocols have been the subject of previous projects funded by
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Environment Australia (prev. ANCA), FISHCARE, CSIRO and DPIF (Tas). Small numbers of
both spotted and red handfish have now been successfully spawned and reared in captivity and
this offers considerable scope for developing a re-introduction strategy (Bruce et al., 1997).

1.7 Strategies for recovery.

This recovery plan is scheduled for a term of three years after which both the progress and
effectiveness of recovery actions will be evaluated. The following key strategies have been
identified for the recovery of the species. Several of these strategies are integrally linked and
their implementation will run concurrently (Figure 6).

• Establish the essential biological characteristics (including critical habitat requirements) that
underpin the dynamics of handfish colonies. Population fluctuations and threats can then be
interpreted, and the progress of management strategies against biologically realistic
recovery objectives can be monitored.

• Establish and utilise a statistically robust method of assessing population size and stability
that identifies both the level uncertainty in such estimates and, in particular, establishes what
level of change can be reliably detected.

• Investigate threatening process(es) and suitable amelioration strategies by establishing
testable hypotheses based on field and laboratory observations. An important tool will be to
determine mortality schedules within impacted and non-impacted colonies and identify
where the additional sources of mortality are and what is producing them.

• Develop a population response model (PRM) based on a synthesis of the above data sets.
The PRM will be refined as further data are accumulated. The PRM will be central to the
recovery effort. Its primary objectives are to: (a) assess time frames for population recovery
based on the biological characteristics of the species and the evaluation of threats, (b)
evaluate recovery performance criteria, (c) predict outcomes of observed population and
recruitment fluctuations and, (d) identify and quantify the major sources of uncertainty in
the recovery process. The PRM will provide the recovery team with a tool to direct effort (ie
reduce the level of uncertainty in areas critical to recovery) and to assess the consequences
of different amelioration strategies in order to drive the recovery process in a rational,
appropriate and cost effective manner.

• Implement immediate management strategies based on our observations to date including
trial enhancement of spawning areas by deployment of artificial spawning substrate, further
development of captive breeding capabilities and trials to assess the suitability of areas
where handfish were previously found for re-introduction. It is anticipated that re-
introduction may become a key strategy for spotted handfish in the Derwent estuary.

• Continue public extension. Public education and support are key parts of the recovery
process and interest in the plight of spotted handfish has been so strong that it provides an
ideal opportunity to raise the awareness of marine fish conservation issues in general. Public
education strategies include the promotion of handfish within the media, via documentaries,
articles in scientific journals and popular magazines, information kits for school aged
students and encouraging the production of children’s books and ancillary items. When wild
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populations are stabilised, and particularly if a re-introduction strategy is implemented, there
will be a shift towards the monitoring of populations by public interest groups.

• Finally, assessing the progress of recovery actions will be an iterative process and the
recovery plan will be sufficiently flexible to incorporate new information as it is generated
and reviewed.

The spotted handfish recovery team was established in 1996 and will continue as the
coordinating body for the recovery effort. Current team members include representatives from
CSIRO Division of Marine Research, Department of Primary Industries and Fisheries (Tas),
Department of Environment and Land Management, Tasmanian Conservation Trust,
Environment Australia and the Hobart Ports Corporation. Membership of the team will be
regularly assessed and additional organisations will be invited to participate where and when
required.
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2. RECOVERY OBJECTIVES AND CRITERIA

The overall objectives of the recovery process are to secure existing populations of spotted
handfish, reduce the chances of future decline, enhance populations in areas where numbers
have been seriously depleted or lost and subsequently achieve down listing from the current
endangered status.

The specific short term objectives covered by the period of this Recovery Plan are to:

• Ensure the continuance of spotted handfish across their current distribution by developing
and implement strategies to facilitate their recovery. The recovery team will continue to
assess and revise, where appropriate, the direction of recovery actions.

• Develop a population response model (PRM) in order to assess realistic time frames for
population recovery, assess amelioration strategies and direct the recovery effort. The model
will be a fundamental tool for planning and measuring the success of recovery activities.

• Implement a statistically robust method of estimating population size. The very low
densities encountered require a greater effort to be placed on population surveys. This will
increase the ability to detect real changes in the abundance (as apposed to changes due to
chance variations generated by the sampling technique) and hence successfully monitor
population fluctuations.

• Identify the threatening processes that affect spotted handfish. Strategies can be devised to
overcome the effect of these agents based on a sound knowledge of their operation.

• Increase community awareness of the spotted handfish and marine conservation issues in
general.

The criteria for successfully achieving these objectives will be:

• Trial release captive reared fish at one site within previous range. The implementation of a
re-introduction program will be directed by the results of the trial.

• Trial deployment of artificial spawning substrate. A strategy for enhancing the reproductive
success of the existing population will be directed by the effectiveness of a trial deployment
of artificial spawning substrate at one of the Derwent colonies where spawning substrate
now appears to be limiting.

• Increase the statistical power of population estimates to ensure that we can reliably detect at
least a 50% decrease in density at known colonies.

• The development of a model that forecasts the implications of observed population changes
and which is used to assess the effectiveness of management strategies and direct the
recovery effort in a logical and cost effective manner.

• Handfish commonly known and recognised by the general public and regularly cited as an
example of a marine conservation issue.

The medium to long term objectives of the recovery plan are dependent on the outcomes of the
currently listed actions but, in principle, are to:
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• Re-establish spotted handfish populations throughout areas of their previous range.

• Reduce the dependency of the recovery effort on ESP funds.

• Encourage the participation of community groups in the monitoring of spotted handfish
populations and other handfish species.

• Achieve permanent down listing from the current endangered status.

It is unlikely that the recovery process will result in a down listing of spotted handfish within
the three year time frame of this recovery plan. Annual Recovery Team meetings will be a
forum for the review of the actions proposed in this document and the status of the species.
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3. RECOVERY ACTIONS

Funding levels in this plan are indicative only and include estimates of all costs (cash and in-
kind resources) associated with the recovery effort. Funding levels are based on assumptions
regarding cooperating agencies and groups and may vary if resources are not available at the
time of implementation.

3.1 Organisational Arrangements

3.1.1 The recovery team.

The recovery team will be the coordinating body for the recovery effort. The recovery team will
meet as required throughout the year and will annually assess the progress and direction of
recovery actions.

The current recovery team includes representatives from:
Environment Australia (EA)
CSIRO Division of Marine Research (CSIRO)
Tasmanian Department of Primary Industry and Fisheries (DPIF)
Tasmanian Department of Environment and Land Management (DELM)
Tasmanian Conservation Trust (TCT)
Hobart Ports Corporation (HPC)

Government and NGO agencies will meet any costs associated with attendance of their
representatives at recovery team meetings.

3.1.2 Project officer and project management

A full-time Project Officer will need to be appointed. The Project Officer will be responsible for
coordinating and/or implementing all of the proposed actions. They will be required to liaise
with government agencies and community groups.

BUDGET* Year Year 2 Year 3 Totals

Project Officer 66,700 68,700 70,800 206,200

Project supervision
and management 24,000 24,500 34,600 83,100

Total 90,700 93,200 105,400 289,300

* Salaries include all administrative costs TOTAL COST $289,300
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3.2 Management of existing populations

3.2.1 Population Response Model

An integral component of the recovery plan will be the development of a Population Response
Model (PRM) using known biological parameters. Model refinement will occur as further data
are accumulated. The primary objectives of the PRM are to: (a) assess time frames for
population recovery based on the biological characteristics of the species and the evaluation of
threats, (b) evaluate recovery performance criteria, (c) predict outcomes of observed population
and recruitment fluctuations and, (d) assess the effectiveness of amelioration strategies and to
identify and quantify the major sources of uncertainty in the recovery process. The PRM will be
used to continually assess the progress of recovery and define the areas and strategies where
further work is required. The successful implementation of the PRM is dependent on obtaining
good quality estimates of the population parameters defined in Tasks 3.2.2 and 3.2.3. The
biological characteristics and cooperative nature of handfish make it possible to obtain such
estimates in far greater detail than has been the case for any other fish. Thus they are an ideal
candidate to test and refine the general principles of the PRM.

Funds are required to employ a modeller (0.5 full-time for the period of this recovery plan) with
specialist skills in population dynamics in order to develop, refine and implement the model.

BUDGET* Year 1 Year 2 Year 3 Total

Salaries 45,500 46,800 48,200 140,500

Operating 5,000 5,000 5,000 15,000

Total 50,500 51,800 53,200

TOTAL COST $155,500

3.2.2 Population monitoring

Establishing population estimates that are statistically robust are critical for the interpretation of
population stability and thus underpin our ability to monitor population trends, assess the
impacts of threatening processes and follow the outcomes of any remedial actions. The
statistical power of survey techniques and their corresponding logistic requirements were
examined during Project 572 (Haskard, 1997 - see Appendices A + B). The strategy identified
provides a compromise between obtaining sufficient statistical power to detect changes in
abundance and the constraints of working underwater but will enable us to detect a moderate
(50%) decrease in density.

Surveys will count the number of handfish along 30 randomly positioned transects (100 metres
long and 3 metres wide) at each colony in Autumn and Spring. The surveys require a team of 6
divers for a period of three days at each colony.

Surveys conducted during the spring will coincide with the breeding season and thus, provide
the opportunity to concurrently collect essential information on the reproductive activity within
each colony. These data will monitor the number of females in spawning condition and estimate
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population fecundity (reproductive rate). Supplementary, smaller scale monitoring of located
egg masses will also assess fertilisation success and rates of egg loss/mortality (Task 3.2.3).

By Autumn, juvenile spotted handfish are sufficiently large to be effectively surveyed. Prior to
this they are difficult to locate due to their small size and cryptic colouration. The Autumn
survey will determine recruitment levels, initial juvenile mortality rates and enable a comparison
of juvenile growth rates and mortality schedules between colonies.

Maintaining a photographic catalogue of individual fish is integral to the success of surveys.
The resighting of fish provides information on movement, growth rates, reproductive history
and can be used as another means of estimating population size.

The budget includes diving costs, underwater photography, provision and maintenance of
survey equipment, vessel running costs and statistical advice for data analyses.

BUDGET Year 1 Year 2 Year 3 Total

Operating 38,000 38,000 38,000 114,000

Total 38,000 38,000 38,000

TOTAL COST $114,000

3.2.3 Definition of population parameters and critical habitat mapping

The effectiveness of the PRM will be in large part dependent on obtaining estimates of critical
population parameters such as the number of egg masses spawned, fertilisation and hatching
success, rates of egg loss (via predation, deterioration and detachment), the relationship between
size of female and number of eggs produced, size/age at maturity, recruitment strength, age and
growth and both age and colony specific mortality. Some of these parameters will be defined
based on survey data from Task 3.2.2. However, additional surveys will be required to define,
particularly, hatching success and rates of egg loss. Additional surveys will be conducted during
the spawning season to collect these data at the three sites. These surveys do not require
additional diving assistance and will utilise staff resources dedicated to the project.

Successful spawning by spotted handfish is dependant on the availability of suitable vertical
structures to which egg masses can be attached. Recent observations (see section 1.5) suggest a
loss of available spawning substrate may severely reduce spawning activity. A survey of the
quantity and type of available spawning substrate is required in order to define the spatial limits
of critical breeding areas within each colony. This will help refine the estimate of population
fecundity (the number of eggs produced) for use in the PRM and provide a more accurate base
line from which to monitor changes in the availability of spawning substrate. This action will
also assist in the identification of threats and help direct where to implement the trial
deployment of artificial spawning substrate at Site 1 (Task 3.5.3).

The budget includes the costs of diving, boat operations, and underwater photography.
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BUDGET Year 1 Year 2 Year 3 Total

Operating 4,200 4,200 4,200 12,600

Total 2,700 2,700 2,700

TOTAL COST $12,600

3.2.4 Legislative requirements

Spotted handfish are currently protected under the Tasmanian State Fisheries legislation and the
Commonwealth Endangered Species Protection Act (1992). The Recovery Team will
recommend that the spotted handfish also be listed under the Tasmanian Threatened Species
Protection Act and provide appropriate documentation in support of the listing. Options for
protecting specific areas or habitat of critical importance will be assessed in consultation
between the Recovery Team and regulatory authorities. The Recovery Team will provide advice
to relevant regulatory authorities on matters pertaining to handfish where required.

No costs are anticipated for this action but if incurred, they will be met by relevant authorities.

3.3 Identification and amelioration of key threatening processes

Identifying the cause of the decline in handfish numbers in the Derwent remains one of the most
critical issues to resolve for the Recovery Plan and will drive what tasks are undertaken to
ameliorate impacts. A number of strategies will be followed in order to establish the cause(s) of
decline. These strategies will be integrally linked with both other recovery actions and
initiatives by other institutions.

• monitoring and comparing the stability of existing colonies and any changes in habitat
quality

Existing colonies offer one of the best opportunities to detect the threatening process at work.
The population dynamics of each of the three colonies will be compared for evidence of changes
in reproduction, recruitment, growth, survival and habitat parameters (in particular, the
availability of suitable spawning substrate). Specific dive surveys to monitor habitat parameters
will conducted in summer and winter at the Derwent colonies. This data will augment that
collected under other actions and provide both a seasonal and interannual assessment of habitat
variability.

• monitoring the effects of the increase in the density of northern Pacific seastars at site 1

Impacts by northern Pacific seastars remain the main hypotheses for the decline of spotted
handfish. The observed changes at one Derwent colony during 1997 (see Section 1.5) may offer
one of the best opportunities to establish the threat posed by northern Pacific seastars and the
impact on colony dynamics of a reduction in spawning success. This information will dictate
our response to maintaining the security of the other Derwent colony (which already has a low
density of northern Pacific seastars). It is vital to continue monitoring both Derwent colonies
during the period prior to implementation of this recovery plan in order to take best possible
advantage of documenting changes induced by northern Pacific seastars. The Recovery Team
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will investigate options for interim funding to continue monthly monitoring of spotted handfish
colonies within the Derwent prior to implementation of the recovery plan.

• trial re-introductions in areas where handfish have been lost

A re-introduction trial will also test the survival of handfish in areas where previous impact has
resulted in a population decline. Such trials will utilise captive bred fish and identify if the
threatening process is still operating, assist in its identification and pave the way for a more
substantial re-establishment of spotted handfish across their range.

• toxicity tests on sediments within both areas where handfish have been lost and known
colonies

A secondary hypothesis for the decline in spotted handfish is the effect of accumulated
contaminants in estuarine sediments. Standard toxicity trials (using a microbial standard) will be
used to compare differences between areas where handfish have been lost and between known
colonies.

• maintain liaison with and assist, where appropriate, CRIMP and authorities implementing
the Derwent River Management Plan

CSIRO's Centre for Research on Introduced Marine Pests (CRIMP) has dedicated funds for the
development and implementation of strategies to control the northern Pacific seastar. The
Recovery Team will continue to liaise with CRIMP (via the project officer and project leaders)
on initiatives likely to have benefit to the recovery of spotted handfish and collaborate where
appropriate with field and laboratory programs.

A 5 year management plan has been implemented for the Derwent River to reduce the input of
contaminants and ameliorate degenerated habitats. The Recovery Team will maintain contact
with relevant authorities implementing the management plan and advise, where appropriate, on
actions likely to affect the recovery effort.

3.3.1 Monitoring threats at known colonies

The budget includes the costs of additional (Summer and Winter) dive surveys.

BUDGET Year 1 Year 2 Year 3 Total

Operating* 3,400 3,400 3,400 10,200

Total 3,400 3,400 3,400

TOTAL COST $10,200

* Note: Actions funded under the Derwent River Management Plan have not been included

3.3.2 Sediment toxicity

Microtox analyses will be conducted to assess and compare differences in the potential toxicity
of sediments between areas where spotted handfish have been lost and known colonies.
Microtox is a routine toxicity test which uses marine microorganisms (luminescence bacteria
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and algae cells). The tests compare the bacterial luminescence and survival of algae cells in
control and field samples.

BUDGET Year 1 Year 2 Year 3 Total

Operating 7,000 7,000

Total 7,000

TOTAL COST 7,000

3.3.3 Strategies for controlling seastars

Funds are based on an on-going CSIRO program.

BUDGET* Year 1 Year 2 Year 3 Total

Salaries

Operating

96,000

25,000

96,000

25,000

96,000

25,000

288,000

75,000

Total 121,000 121,000 121,000 363,000

TOTAL COST $363,000

* Dedicated CRIMP funds

3.4 Establishing colony dynamics

A critical factor in assessing the impact of a threatening process on the overall status of handfish
is how distinct (or isolated) colonies are from each other. The low level of juvenile dispersal
suggests that colonies may be relatively isolated. If this is the case, then colonies cannot rely on
fish from outside their boundaries to replenish their number if they are threatened. This has the
effect of making populations more vulnerable to impact because a threatening process may
operate by successively wiping out colonies. In this case there is little chance of re-establishing
numbers without active re-introduction.

Genetic techniques will be used to assess the extent of genetic variation within and between
colonies. Two methods are listed, mitochondrial DNA and micro-satellite analyses. The two
techniques differ in their cost, their ability to resolve differences and the extent of the additional
information they provide. The first technique is recommended as a higher priority action. The
results of this action will contribute to the PRM. The PRM will then be used to assess the
relative benefits of pursuing the more expensive micro-satellite analyses.

All tissue samples required for these analyses will be collected by non-destructive fin clipping.
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3.4.1 (a) Mitochondrial DNA analyses

Genetic differentiation within and between colonies will initially be estimated from
mitochondrial DNA analyses. The estimates of gene flow will be relatively crude but if a signal
is sufficiently strong, then this technique may provide sufficient information for our
requirements.

The budget includes laboratory consumables and costs associated with collecting samples.

BUDGET Year 1 Year 2 Year 3 Total

Operating 7,250 7,250

Total 7,250

TOTAL COST $7,250

3.4.1 (b) Micro-satellite DNA analyses

This technique is a very powerful method of genetically assessing family and population
structure. The variability and abundance of micro-satellites (nuclear DNA markers) will enable
a far more accurate quantification of genetic variation both within and between colonies and
thus enable a far more accurate assessment of gene flow between colonies. Furthermore due to
the uniqueness of the micro-satellite signatures in any single fish, it is possible to genetically
fingerprint each individual and assess its contribution to the gene pool of the next generation.

Whether or not to proceed with this task will depend on the outcome of mitochondrial DNA
analyses (task 3.4.1a) and an assessment, via the PRM, of the benefits to the recovery process of
identifying these population parameters in greater detail.

The budget includes the cost of laboratory consumables in all years but no salaries.

BUDGET Year 1 Year 2 Year 3 Total

Operating 21,000 18,500 39,500

Total 21,000 18,500

TOTAL COST $39,500

3.5 Enhancement of wild populations

3.5.1 Refine husbandry protocols

It is important to develop reliable, efficient captive breeding protocols to facilitate the
development of a captive breeding program. Maintaining brood stock in captivity is also a
practical safeguard should the wild population continue to decline.

Work to date (ESP Project 572) has significantly enhanced our ability to get spotted handfish to
spawn in captivity and to rear small numbers of juveniles (see Bruce et al. 1997 for details).
Protocols for maintaining and on-growing of juveniles need to be developed. Also, if sufficient
juveniles are to be reared for a re-introduction trial, it is essential to develop a technique to
continuously culture large numbers of live amphipods.
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A refinement of all captive husbandry techniques will occur over the period covered by this
recovery plan and a detailed captive husbandry manual will be produced.

The budget includes costs associated with employing an aquarium technician, the purchase
filtration equipment, aquaria consumables running costs for aquarium facilities.

BUDGET Year 1** Year 2** Year 3** Total

Salaries

Operating

5,250

17,800

5,250

13,500

5,250

13,500

15,750

44,800

Total 23,050 18,750 18,750

TOTAL COST $60,550

3.5.2 Re-introduction trials

Re-introduction is the primary action that will result in an improvement of the species status.
However, it will be necessary to develop appropriate protocols for re-introduction if this
strategy is to succeed in a timely and cost effective manner. In addition, re-introduction cannot
proceed independently to threat identification and amelioration. Trial re-introductions will be
utilised to establish the protocols necessary for re-establishing handfish in areas of their
previous range as well as using it to assist with threat assessment (ie can handfish currently
survive in areas where they have been lost).

3.5.2 (a) Stock for re-introduction trials

Trials will utilise captive spawned juveniles. The size at which fish are released is important to
maximise survival of released stock (Brown, 1987). The size at release will take into account
both natural mortality schedules derived from the PRM (if juvenile survival increases after a
certain size then release will occur after the fish have reached that size) and the ability to
monitor released individuals (juveniles need to be large enough to be effectively surveyed).

It is expected that an adequate supply of suitable fish for re-introduction will be available early
in the second year of this plan.

3.5.2 (b) Site selection

A suitable site for re-introduction trials will be located. The site must be within the historic
range of spotted handfish (preferably an historic “hot spot”) and have suitable habitat.

Three sites in the Derwent estuary have already been identified as potentially satisfying these
criteria. Each site will be surveyed and the most suitable selected.

The budget includes the costs required for a survey of potential sites.
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BUDGET Year 1 Year 2 Year 3 Total

Operating 1,200 1,200

Total 1,200

TOTAL COST $1,200

3.5.2 (c) Monitoring of re-introduced fish

Re-introduced fish will be regularly surveyed to monitor survival and movement. This will
occur on a monthly basis (for 8 months) in the first year of release and every 2 months in the
second.

The budget includes vessel running costs, diving and underwater photography.

BUDGET Year 1 Year 2 Year 3 Total

Operating 3,300 2,500 5,800

Total 3,300 2,500

TOTAL COST $5,800

3.5.3 Artificial spawning substrate trials

The success of artificial spawning substrate in captive breeding trials implies that artificial
structures may be used to augment depleted or low quality substrate in the wild. Artificial
spawning substrate will be less susceptible to destruction and subsequent egg loss. It will be
necessary to develop and trial an appropriately designed structure and deployment strategy. A
schedule for deployment at the monitoring sites will be developed and implemented.

The budget includes estimated costs for the construction of the artificial substrate, its
deployment and monitoring.

BUDGET Year 1 Year 2 Year 3 Total

Materials and
deployment costs

800 1,200 2,000

Total 800 1,200

TOTAL COST $2,000
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3.6 Develop a collective functional plan for endemic Tasmanian
handfish

3.6.1 Community network for reporting sightings of all handfish species

We have received a number of very useful reports of handfish sightings (both spotted handfish
and other species) from the general public during our work to date. These have, for example,
identified spawning sites for red handfish and Ziebell's handfish. Very little is known of the
population parameters for any endemic handfish species in Tasmania. It is generally accepted
that they are all very uncommon and have highly restricted distributions. We now know that,
similar to spotted handfish, these species have a very limited capacity for reproduction and
dispersal.

The ASFB Threatened Fishes Sub-Committee have listed Ziebell's, the Waterfall Bay and the
red handfish on their threatened species list, yet there are few data to confirm their current
placements. By developing a community sighting network, we can cost effectively develop the
database necessary to establish the status of these species, identify potential threats, maintain the
diving public's interest in assisting with the recovery effort and continue to promote marine
conservation and education issues. These species are more likely to be encountered by the
diving public than spotted handfish (because they occur in reef areas), however we have already
had reports of spotted handfish from people diving across soft substrate areas (eg for old bottles)
or near reef edges. Thus the spotted handfish recovery effort will also directly benefit from a
community reporting system.

The work will require liaison with community based groups such as dive clubs, commercial
divers and the marine naturalists society (linked to Task. 3.7.2). Follow up surveys will be
conducted to gather data at selected sites.

The budget includes the costs of follow up diving, boat operations, photography and field
accommodation.

BUDGET Year 1 Year 2 Year 3 Total

Operating 1,500 1,500 1,500 4,500

Total 1,500 1,500 1,500

TOTAL COST $4,500

3.6.2 Taxonomy and systematics of handfish

Establishing the conservation status of Tasmanian endemic handfish that are highly restricted in
distribution requires a firm knowledge of the number of species involved. Some handfish
species are yet to be formally described (eg Ziebell's handfish) and there are distinct colour
morphs in different areas that may represent either a local colour pattern or different species
entirely. If these colour morphs are different species, then these populations may be more
restricted then originally thought. Clarification of the number of species within the handfish
family will require a combination of (non-destructive) genetic analyses and classical taxonomy.



Spotted Handfish Recovery plan 1999-2001                                                                         31

The budget includes the costs of genetics consumables and the use of facilities.

BUDGET Year 1 Year 2 Year 3 Total

Operating 7,250 7,250

Total
7,250

TOTAL COST $7,250

3.7 Public education and community participation

3.7.1 Ongoing strategy

Public education and support (including scientific liaison) is a key part of the recovery process
and interest (both national and international) in the plight of spotted handfish has been
extremely high. The Recovery Team is committed to an ongoing public information and
education program. To date, project objectives and results have been publicised by way of:

• Media reports (television, radio interviews and newspapers)
• Children's TV (Totally Wild)
• Live Australian handfish displayed at the Hobart Royal Show (1996)
• A photographic and informational display was established at the Marine Discovery Centre

which is a state run educational centre for school aged children (July 1997)
• Manned display at the Marine Discovery Centre during a public open day (August 1997)
• Magazine articles published by Nature Australia (Summer 1996/7), National Geographic

(February 1997), German GEO (August 1997) and Forty South (1997)
• Articles in press in On the Brink, GEO (Australia), The Veterinarian, ECOS and Wildlife

Australia Magazine
• Public seminars at the launch EA's Threatened Species and Communities poster, Tasmanian

Museum (Sept 1997), the "Sea Tasmania" diving festival, Eaglehawk Neck (Oct 1997),
DPIF Laboratories, Taroona, Double Helix meeting and local schools

• Supplying information (on request) for school and university student projects, authors of
children's books, and the National Mint (enquiry for possible production of a coin depicting
a handfish).

• Seminars at the Australian Society for Fish Biology Annual conference and the 5th Indo-
Pacific Fish Conference

These strategies will continue during the recovery plan.

The budget includes local travel costs.

BUDGET Year 1 Year 2 Year 3 Total

Operating 1,500 1,500 1,500 4,500

Total 1,500 1,500 1,500

TOTAL COST $4,500
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3.7.2 New initiatives

A more streamlined approach is required to deal with the increasing number of public enquires
requesting information on handfish.

To achieve this, an information pack will be produced and distributed to school groups via the
Woodbridge Marine Discovery Centre where an information display on handfish has already
been established. The information pack will also be available to the general public on request.

A poster will be produced and distributed to dive clubs, aquarium shops and professional fishing
organisations (eg abalone and urchin divers) to encourage these groups to report sightings and
promote the protected status of handfish. Liaison with these groups will promote an effective
exchange of information and provide the basis for developing a collective functional plan for
endemic Tasmanian handfish (Action 3.6).

These initiatives will also be used to encourage corporate and community sponsorship of the
recovery effort, thereby reducing the future dependence on ESP funds.

The budget includes the costs of producing and printing information packs and posters.

BUDGET Year 1 Year 2 Year 3 Total

Operating 1,300 700 700 2,700

Total 1,300 700 700

TOTAL COST $2,700
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6. IMPLEMENTATION SCHEDULE

Task Task Description Priority Feasibility Possible agencies

1.1 The recovery team 1 100% ESP, CSIRO
DPIWE
TCT, HCP

1.2 Project Officer & Project 1 100% CSIRO
Management

2.1 Population Response Model 1 100% CSIRO

2.2 Population monitoring 1 95% CSIRO

2.3 Define population parameters 1 100% CSIRO
 & critical habitat mapping

2.4 Legislative requirements 1 95% DPIWE
3.1 Threats at known colonies 1 100% CSIRO

3.2 Toxicity trials 2 90% UT

3.3 Seastar control 1 75% CSIRO (CRIMP)
4.1 Mitochondrial DNA 2 100% UT

CSIRO

4.1 Microsatellite DNA 2 100% UT
CSIRO

5.1 Refine husbandry protocols 1 95% CSIRO, DPIWE

5.2 Site selection 1 100% CSIRO

5.2 Monitoring of released fish 1 95% CSIRO

5.3 Artificial spawning 1 100% CSIRO
substrate trials

6.1 Community network for 3 100% CSIRO
reporting handfish sightings

6.2 Taxonomy and systematics 3 100% UT
of handfish CSIRO

7.1 On-going strategy 2 100% CSIRO

7.2 New initiatives 2 100% CSIRO

*CSIRO – CSIRO Marine Research, DPIWE – Department of Primary Industries, Water and the Environment, UT –
University of Tasmania, HPC – Hobart Ports Corporation, TCT – Tasmanian Conservation Trust
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APPENDIX A

POWER OF TESTS FOR CHANGES IN DENSITY OF
HANDFISH

For Mark Green and Barry Bruce, CSIRO Division of Marine Research, Hobart

By Kathy Haskard, CSIRO Mathematical and Information Sciences

KH97/10 31 October 1997

BACKGROUND

You have performed a survey in a small specified area near Hobart in order to estimate the
density and abundance of handfish (B. hirsutus). You will repeat this survey, possibly annually,
or more often if this seems desirable, in order to examine whether the density changes. With the
information so far obtained, you wish me to estimate power for detecting changes in density.

SURVEY DESIGN

Following previous discussions, your survey design identifies an approximately rectangular
region, with one long side at approximately the 5 m depth contour, and extending out at right
angles to near or beyond the 10 m contour. Twenty-five equally spaced parallel transect lines
were described, running across the short dimension of the rectangle, so running from depth 5 m
to 10 m. For an individual survey 12 of these were selected at random, and a strip 2 m wide,
centred on each selected transect, was examined by two divers swimming together, each
carrying a 1 m pole to delimit their search area. Handfish seen greater than 1 m either side of the
transect line were not included in the estimates.

Rather than covering a true rectangle, transects were defined to be between the 5 m depth
contour, or beyond this (deeper than 5 m) if a rocky reef is present, since this is believed to be
unsuitable habitat for handfish, and the 10 m depth contour, so that the area covered by the
survey is not a true rectangle, and the transects have unequal lengths.

For the purpose of calculating an index of abundance, it would be best to examine the same
transects at each repeated survey. However for simply obtaining the best overall estimate of
abundance (for example if the density did not change over time) it is desirable to randomly
select the transects separately each survey, so that a bigger part of the region is ultimately
examined. The procedure used here is a compromise between these two. There will be partial
overlap between surveys.
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ESTIMATED DENSITY AND STANDARD ERROR

From a previous consultation, I provided you with the following formulae. Because the twelve
individual transects are of different lengths, I recommended a weighted average, with the
transect lengths as weights.

Suppose there are k transects, transect i  has length li metres, and ni handfish are observed on
transect i, i=1Ök. You wish to estimate D = average density of handfish in the survey area. Let
L be the total of the lengths of the k (=12) transects. Each transect i covers area 2li square
metres, and the total area sampled is 2L. The estimate of D is the weighted average
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The standard error (SE) of $D  is simply the square root of the variance.

This will give estimated density in units of numbers per square metre, which will be very small
numbers to work with. You might prefer to use, for example, numbers per 100 m2. To do this,
simply multiply the estimated density and its SE by 100, and multiply variance by 10,000.

YOUR QUESTION

Having performed the survey once and done the above calculations, you have asked me to
estimate the power of tests to determine if handfish abundance has significantly changed from
one time to another. As I explained at our meeting, for a particular statistical test, power
depends on several inter-related things:
• the significance level at which the test will be declared significant, commonly 0.05
• the variability within the data, e.g. between transects
• sample sizes, in this case number of transects or total area of transects
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• the size of the true difference
• the probability with which a test will be significant given a difference of that size - this is the

power of the test. Power of around 80% or more is generally regarded as useful.

Less variability, greater sample sizes, and larger true differences all increase the power of a test,
as does a larger significance level α, e.g. α=0.10. We will consider only α=0.05. The more
variable data are, the greater the sample size will need to be, or the larger the underlying
difference would have to be, to achieve a given power. This is because with more variability in
the data, we need more evidence, or a bigger effect, to have reasonable confidence that an
observed difference is not simply due to chance.

WHAT TEST WILL WE USE?

Before we can estimate power, we must decide what statistical test will be used. If data can be
assumed to approximately follow a normal distribution, this is usually straightforward..
However, the data from your first survey using this design reveal very low numbers of handfish,
between 0 and 3 per transect, with a total of 15 handfish from the 12 transects of total length
1506 m, covering area 3012 m2, giving estimated density of 0.00498 handfish m-2 with variance
1.412*10-6, and SE 0.001188 handfish m-2.

Converting to more convenient, though unconventional, units, this is 49.8 handfish per hectare
(10000 m2), with variance 141.2 and SE 11.88.

The study area to which this applies has size 66,270 m2, giving an estimated abundance of 330
handfish, with estimated standard error 70.

With such small numbers, we are counting occurrences of a rare event, and the Poisson
distribution may be appropriate here. This assumes that the fish are essentially independently
located, with no clustering nor the opposite which would lead to more uniform spreading out of
the individuals. This appears to be a reasonable assumption in this case, and it enables us to
form a test.

We assume that the number observed on a given transect has a Poisson distribution with mean
equal to the overall density times the area of that transect, i.e. 2liD. Assuming each transect is
independent, this would imply the total number of handfish N would have a Poisson distribution
with mean 2LD. A property of the Poisson distribution is that the variance is equal to the mean,
i.e. var(N) should equal 2LD, and the variance of the density estimate $D =N/(2L) would be
var(N)/(2L)2 = D/(2L). Using our estimate $D  = 0.00498 we obtain $ ( )D L2  =1.653*10-6 as the
estimated variance of $D , compared with 1.412*10-6 calculated directly from the weighted
average, without using the Poisson assumption. These are very consistent, and support the
Poisson assumption.

Thus, I proceeded on the assumption that the total number N of handfish seen in traversing
transects of lengths totalling L follows a Poisson distribution with mean 2LD. We now must
devise a procedure to test whether two surveys suggest a difference in density D between them.
Two different approaches lead to the same test.
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DERIVATIONS OF TEST

One approach  is to simply estimate the expected number of handfish seen in each of two
surveys, given the total of the two surveys, proportionately according to the total transect
lengths in each, and compare these to the actual numbers in each survey, using a well-known
chi-square test,

X
observed2

2

=
−∑ ( )expected

expected

where the sum is over two cells corresponding to the two surveys. Provided the two expected
values are not too small (greater than 5 is sufficient) X2 has approximately a χ2 distribution on 1
df.

Given total numbers N1 and N2 seen in the two surveys respectively, and total transect lengths L1

and L2 in the two surveys respectively, and writing N = N1+N2 and L=L1+L2, under the null
hypothesis that both densities are the same the estimated common density is $ / ( )D N L= 2 . Then,

given the total N, the expected number seen for survey 1 is $D L N L
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and in the special case when L1 = L2, this simplifies to
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For example, suppose the next survey found a total of 10 handfish in transects totalling 2000 m
in length, giving an estimated density of 10/(2*2000) = 0.0025 handfish m-2, half that of survey
1. Would we conclude the density had changed from the previous survey with estimated density
15/(2*1506) = 0.00498? Given a total of 15+10=25 handfish, and total transect lengths 1506
and 2000 m, totalling 3506 m, if the densities were the same we would have expected to observe
25*1506/3506 = 10.74 handfish in the first survey and 25*2000/3506 = 14.26 handfish in the
second survey. Compared with the observed values of 15and 10 respectively, we obtain X2 =
4.262/10.74 + 4.262/14.26 = 2.964 and comparing this to a chi-square distribution with 1 df, we
obtain p = 0.085, not significant at the 5% level.
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The alternative approach uses the fact that a Poisson distribution with sufficiently large mean
can be approximated by a normal distribution with mean and variance equal to the Poisson
mean. So writing N1 and N2 for the total numbers seen in surveys 1 and 2 respectively, and L1

and L2 for the total length of transects in the two surveys respectively, we have

N1 ~ approximately N(2L1D1, 2L1D1),
N2 ~ approximately N(2L2D2, 2L2D2)

and hence
$ / ( )D N L1 1 12=  ~ approximately N(D1, D1/ (2L1) ),
$ / ( )D N L2 2 22=  ~ approximately N(D2, D2/ (2L2) ),

and
$ $D D1 2−  ~ approximately N(D1 ñ D2, 

D
L

D
L
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22 2+ ),

which provides an approximate test based on the normal distribution, namely that under the null
hypothesis H0: D1 = D2 = D,
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This would be our ideal test statistic. However, we do not know the true D, and we substitute

our best estimate $D N N
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, giving our test statistic
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 ~ approximately N(0 , 1 ) (a poorer approximation than for Z).

Now the square of standard unit normal variable has a chi-square distribution, and the square of
T is
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which can be shown to be algebraically equal to X2 in the first approach above (my notes,
28/10/97, workbook p. 55), with the approximate χ2 distribution with 1 d.f. Both these
expressions can be written more directly for calculation, based on numbers of handfish seen and
transect lengths, as
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Note that if L1 = L2, this simplifies even further to
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and the corresponding T-statistic becomes
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THE TEST

To test H0: D1 = D2 against the alternative hypothesis H1:D1 ≠ D2, calculate
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and compare with a χ2 distribution with 1 d.f., i.e. declare significant at the 5% level if X2 is
greater than 3.84. This gives a two-sided test, i.e. you are looking for differences and donít care
whether they are increases or decreases in density.

For a one-sided test, e.g. if you donít believe density would ever increase (could be a dangerous
assumption), and are only concerned with detecting a decrease, test H0: D1 ≤ D2 against the
alternative hypothesis H1:D1  > D2, calculate
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1 2

and compare to a standard normal distribution, rejecting H0 only if T is large and positive. That
is, reject H0 in favour of H1 (conclude that the density has decreased from survey 1 to survey 2)
at the 5% level if T is greater than 1.645. This will be a stronger test if you are happy to neglect
the possibility of increases in density.

If you reject when T is bigger than 1.96 or smaller than -1.96, then this is equivalent to the two-
sided test above (because X2 = T2 and 3.84 = 1.962).

CALCULATING POWER

We ask: for a given change in density, and using the information we have from the first survey
which gives us some information about variability of these data, what is the probability of
rejecting the null hypothesis that the densities are equal at each time?

Some further assumptions must be made. In particular, we donít know in advance what the total
length of transects in the next survey will be. We would expect it to be similar to L1, and
calculate the power on this basis. We must also decide how we will specify a change in density.
It is convenient to express the D2 as a fraction or multiplier of D1. I.e. suppose D2 = c D1, where
c ≥ 0 and  c = 1 for no change, c < 1 for a decrease in density and c > 1 for an increase.
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The question is: if D2 = c D1, for a specified value of c, what is the probability that X2 will be
greater than 3.84?

It is convenient to work through the theory again, beginning with the assumed Poisson
distributions for N1 and N2 and using L1 = L2. We assume that N1 ~ Poisson with mean µ1 and N2

~ Poisson with mean µ2. Since L1=L2, µ1 = 2L1D1 and µ2 = 2L1D2 = 2L1cD1 = c µ1. Then we say

N1 ~ approximately N(µ1, µ1) and N2 ~ approximately N(c µ1, c µ1)  and hence

N1  ñ  N2 ~ approximately N(µ1(1-c), µ1(1+c) ), and

Z N N
c
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+
1 2

1 1µ ( )
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1
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+
c

c
µ

  and variance 1.

Z is not exactly the test statistic used, rather we use T which has N1 +N2 in the denominator as an
approximation to µ1(1+c). However, it is difficult or impossible to obtain the distribution of T,
so for calculating power we use this ëidealisedí test statistic Z. Further, in the expression for the
mean of Z, we see µ1, which we do not know , so we calculate power using N1 as a substitute for
µ1 in the mean, another approximation.

This enables us to calculate the power for any specified value of c.

Probability of rejecting H0 is

= probability that T > 1.96 or T < ñ1.96

≅ probability that Z > 1.96 or Z < ñ1.96
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POWER RESULTS

We can calculate these probabilities for a range of values of c. I have done this in a Microsoft
Excel spreadsheet which I can provide to you. Some results are presented in Table 1. The
formulas are shown in Table 2. All tests are assumed to be at the 5% significance level.

Recall that c = 1 means no change in true density between survey 1 and survey 2; c = 0.5 means
density in survey 2 was half that of survey 1; and c = 1.333 means the density increased by one
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third. When c = 1 the power is 0.05, as we would expect with a test at the 5% significance level
ó if there is truly no difference, there is a 5% chance of declaring a significant difference.
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Table 1. Power of two-sample 5%-level test of equal densities vs densities not equal, and for one-sided
5% tests. We assume that D2 = cD1, and µ1 is the expected number of handfish seen in survey 1. For this
table µ1 is set to the estimate 15, the number observed in the first survey.

For the two-sided test, upper tail is power when $ $D D1 2> , Pr (Z . -( -c) /( +c)> 196 1 11µ , and lower tail is

power when $ $D D2 1> , Pr (Z < - . -( -c) /( +c)196 1 11µ . Total power is the sum of these two.

Two columns show power for the one-sided test. The first applies when density decreases between

surveys 1 and 2 (0 ≤ c < 1), Pr (Z . -( -c)* /( +c)> 1645 1 11µ , and the second is for one-sided tests when

the density increases between surveys 1 and 2 (c > 1), Pr (Z < - . -( -c)* /( +c)1645 1 11µ .

In all these expressions, Z refers to a standard unit normal variable, and all tests are assumed to be at the
5% significance level. Note that when there is no difference in density (c = 1, shaded cells), power equals
significance level, 0.05.

µ1 = 15 Two-sided test One-sided  tests

c
Upper tail Lower tail Total power Testing vs

D2 < D1

Testing vs
D2 > D1

0 0.972 0.000 0.972 0.987 0.000
0.1 0.887 0.000 0.887 0.936 0.000
0.2 0.733 0.000 0.733 0.826 0.000
0.3 0.550 0.000 0.550 0.670 0.000
0.4 0.382 0.000 0.382 0.506 0.000
0.5 0.252 0.001 0.252 0.362 0.002

0.6 0.161 0.002 0.162 0.249 0.004
0.7 0.101 0.004 0.105 0.168 0.010
0.8 0.063 0.008 0.071 0.112 0.019
0.9 0.040 0.015 0.055 0.075 0.032

1 0.025 0.025 0.050 0.050 0.050

1.1 0.016 0.038 0.054 0.034 0.072
1.2 0.010 0.054 0.064 0.023 0.098
1.3 0.007 0.073 0.080 0.016 0.127
1.4 0.005 0.094 0.099 0.011 0.159
1.5 0.003 0.118 0.121 0.008 0.192
1.6 0.002 0.143 0.145 0.006 0.226
1.7 0.002 0.170 0.171 0.004 0.261
1.8 0.001 0.197 0.198 0.003 0.295
1.9 0.001 0.224 0.225 0.002 0.329
2 0.001 0.252 0.252 0.002 0.362

2.1 0.000 0.279 0.279 0.001 0.393
2.2 0.000 0.306 0.306 0.001 0.424
2.3 0.000 0.332 0.332 0.001 0.453
2.4 0.000 0.357 0.358 0.001 0.480
2.5 0.000 0.382 0.382 0.000 0.506
2.6 0.000 0.406 0.406 0.000 0.530
2.7 0.000 0.428 0.428 0.000 0.553
2.8 0.000 0.450 0.450 0.000 0.575
2.9 0.000 0.471 0.471 0.000 0.596
3 0.000 0.491 0.491 0.000 0.615

3.1 0.000 0.509 0.510 0.000 0.633
3.2 0.000 0.527 0.527 0.000 0.649
3.3 0.000 0.544 0.544 0.000 0.665
3.4 0.000 0.561 0.561 0.000 0.680
3.5 0.000 0.576 0.576 0.000 0.694
3.6 0.000 0.591 0.591 0.000 0.707
3.7 0.000 0.604 0.604 0.000 0.719
3.8 0.000 0.618 0.618 0.000 0.730
3.9 0.000 0.630 0.630 0.000 0.741
4 0.000 0.642 0.642 0.000 0.751

5 0.000 0.733 0.733 0.000 0.826
6 0.000 0.790 0.790 0.000 0.869
7 0.000 0.828 0.828 0.000 0.896
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Table 2. Microsoft Excel formulas used for Table 1.
Col

Row
Α B C D E F G

1 µ1= 15 Two-sided test
2 c Upper tail Lower tail Total

Power
3 0.5 =1-NORMSDIST(1.96-(1-B3)*SQRT(B$1)/(1+B3)) =NORMSDIST(-1.96-(1-B3)*SQRT(B$1)/(1+B3)) =SUM(C3:D3) .. ..

4 2.0 =1-NORMSDIST(1.96-(1-B4)*SQRT(B$1)/(1+B4)) =NORMSDIST(-1.96-(1-B4)*SQRT(B$1)/(1+B4)) =SUM(C4:D4)

Col
Row

Α B C D E F G

1 µ1= 15 One-sided tests
2 c Testing D2 = D1 vs D2 < D1 Testing D2 = D1 vs D2 > D1
3 0.5 .. .. .. =1-NORMSDIST(1.645-(1-B3)*SQRT(B$1)/(1+B3)) =NORMSDIST(-1.645-(1-B3)*SQRT(B$1)/(1+B3))

4 2.0 =1-NORMSDIST(1.645-(1-B4)*SQRT(B$1)/(1+B4)) =NORMSDIST(-1.645-(1-B4)*SQRT(B$1)/(1+B4))

Table 1 also shows power for one-sided tests. The first column is for a test of H0: D2 ≥ D1 vs H1:
D2 < D1 (sensible if you only expect density to decrease, i.e. only expect values of c ≤ 1) and the
second is for tests of H0: D2 ≤ D1 vs H1: D2 > D1 (sensible if you only expect density to increase,
i.e. only expect values of c ≥ 1).

DISCUSSION

You can see that the power is quite low unless there are massive changes in density. This is
partly because so few handfish were observed. With such small numbers, seeing just a few
individuals less or more could happen quite easily, but could produce quite different density
estimates. In other words, the density estimates are not very precisely estimated with such small
numbers of handfish seen. If you donít know densities very precisely, you canít be very
confident that two densities are different; thus power is low.

It is commonly accepted that powers of 80% or more are desirable. To reach this power with the
current level of sampling (area covered by transects), your density would have to decrease to
less than one sixth of the density at survey 1, or increase more than 6-fold.

To increase power you would need to increase the area you sample. Table 3 shows some other
examples of power if µ1 was 30 (obtained by approximately doubling the area covered by
transects), 45, 60, 75, 90 or 105, rather than 15. Clearly very much more effort is required to
substantially improve the power, i.e. so that moderate changes in density have a good chance of
being detected. Even to have a good chance of detecting a 50% change (c=0.5 or c=2) in density
from its current estimated value, you would require about 5 times the sampling area, to get µ1,
the expected number of individuals seen, = 75.

Bear in mind that these power calculations are only approximate. Although you observed N1 =
15 in the first survey, the true density and hence µ1 may have been larger or smaller than
indicated by this. If larger, the power will be a little greater, if smaller the power will be even
less.
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Table 3. The same information as Table 1, but with larger values of µ1.

µ1 = 30 Two-
sided

test One-
sided

 tests

c
Upper

tail
Lower

tail
Total

power
Testing

vs D2 < D1

Testing
vs D2 >

D1
0 1.000 0.000 1.000 1.000 0.000

0.1 0.994 0.000 0.994 0.998 0.000
0.2 0.955 0.000 0.955 0.978 0.000
0.3 0.839 0.000 0.839 0.904 0.000
0.4 0.651 0.000 0.651 0.759 0.000
0.5 0.447 0.000 0.447 0.572 0.000

0.6 0.277 0.000 0.278 0.391 0.001
0.7 0.160 0.002 0.162 0.249 0.005
0.8 0.088 0.005 0.093 0.150 0.012
0.9 0.047 0.012 0.060 0.087 0.027

1 0.025 0.025 0.050 0.050 0.050

1.2 0.007 0.072 0.079 0.016 0.126
1.4 0.002 0.148 0.150 0.005 0.232
1.6 0.001 0.243 0.244 0.002 0.352
1.8 0.000 0.346 0.347 0.001 0.468
2 0.000 0.447 0.447 0.000 0.572

2.2 0.000 0.537 0.537 0.000 0.659
2.4 0.000 0.616 0.616 0.000 0.729
2.6 0.000 0.682 0.682 0.000 0.785
2.8 0.000 0.737 0.737 0.000 0.829
3 0.000 0.782 0.782 0.000 0.863

3.5 0.000 0.861 0.861 0.000 0.919
4 0.000 0.908 0.908 0.000 0.950
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µ1 = 45 Two-
sided

test One-
sided

 tests

c
Upper

tail
Lower

tail
Total

power
Testing

vs D2 < D1

Testing
vs D2 >

D1
0 1.000 0.000 1.000 1.000 0.000

0.1 1.000 0.000 1.000 1.000 0.000
0.2 0.994 0.000 0.994 0.998 0.000
0.3 0.951 0.000 0.951 0.975 0.000
0.4 0.820 0.000 0.820 0.891 0.000
0.5 0.609 0.000 0.609 0.723 0.000

0.6 0.389 0.000 0.389 0.513 0.000
0.7 0.219 0.001 0.220 0.322 0.002
0.8 0.112 0.003 0.116 0.184 0.008
0.9 0.054 0.010 0.064 0.098 0.023

1 0.025 0.025 0.050 0.050 0.050

1.2 0.005 0.088 0.094 0.012 0.150
1.4 0.001 0.200 0.201 0.003 0.299
1.6 0.000 0.340 0.340 0.001 0.461
1.8 0.000 0.483 0.483 0.000 0.607
2 0.000 0.609 0.609 0.000 0.723

2.2 0.000 0.711 0.711 0.000 0.808
2.4 0.000 0.789 0.789 0.000 0.868
2.6 0.000 0.846 0.846 0.000 0.909
2.8 0.000 0.888 0.888 0.000 0.937
3 0.000 0.918 0.918 0.000 0.956

3.5 0.000 0.961 0.961 0.000 0.981
4 0.000 0.981 0.981 0.000 0.991

Table 3 continued. Power for two- and one-sided tests at 5% significance level, with different expected
number µ1 of handfish seen in survey 1.

µ1 = 60 µ1 = 75
c Two-

sided
One- sided c Two-sided One- sided

0 1.000 1.000 0.000 0 1.000 1.000 0.000
0.1 1.000 1.000 0.000 0.1 1.000 1.000 0.000
0.2 0.999 1.000 0.000 0.2 1.000 1.000 0.000
0.3 0.986 0.994 0.000 0.3 0.997 0.999 0.000
0.4 0.913 0.953 0.000 0.4 0.960 0.981 0.000
0.5 0.733 0.826 0.000 0.5 0.823 0.893 0.000

0.6 0.491 0.615 0.000 0.6 0.581 0.698 0.000
0.7 0.277 0.390 0.001 0.7 0.333 0.454 0.001
0.8 0.138 0.216 0.006 0.8 0.161 0.247 0.005
0.9 0.069 0.108 0.020 0.9 0.074 0.117 0.018

1 0.050 0.050 0.050 1 0.050 0.050 0.050

1.2 0.108 0.009 0.173 1.2 0.123 0.008 0.196
1.4 0.252 0.002 0.362 1.4 0.303 0.001 0.420
1.6 0.432 0.000 0.557 1.6 0.515 0.000 0.638
1.8 0.600 0.000 0.715 1.8 0.697 0.000 0.797
2 0.733 0.000 0.826 2 0.823 0.000 0.893
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µ1 = 90 µ1 = 105
c Two-

sided
One- sided c Two-sided One- sided

0 1.000 1.000 0.000 0 1.000 1.000 0.000
0.1 1.000 1.000 0.000 0.1 1.000 1.000 0.000
0.2 1.000 1.000 0.000 0.2 1.000 1.000 0.000
0.3 0.999 1.000 0.000 0.3 1.000 1.000 0.000
0.4 0.982 0.992 0.000 0.4 0.992 0.997 0.000
0.5 0.885 0.935 0.000 0.5 0.927 0.962 0.000

0.6 0.660 0.766 0.000 0.6 0.726 0.820 0.000
0.7 0.388 0.512 0.000 0.7 0.440 0.565 0.000
0.8 0.184 0.277 0.003 0.8 0.207 0.306 0.003
0.9 0.079 0.126 0.016 0.9 0.084 0.134 0.014

1 0.050 0.050 0.050 1 0.050 0.050 0.050

1.2 0.139 0.006 0.217 1.2 0.154 0.005 0.238
1.4 0.353 0.001 0.475 1.4 0.401 0.000 0.525
1.6 0.591 0.000 0.707 1.6 0.657 0.000 0.764
1.8 0.774 0.000 0.857 1.8 0.833 0.000 0.900
2 0.885 0.000 0.935 2 0.927 0.000 0.962

CONFIDENCE INTERVALS FOR DENSITY AND ABUNDANCE

Another indication of the degree of precision with these low numbers of handfish is given by
obtaining a confidence interval for the survey 1 density. We can use either (a) a normal
approximation based on the Poisson distribution for N1, CI for µ1 is N1 ± 1.96√N1, and D =
µ1/2L1, or (b) a t-distribution with 11 degrees of freedom, using the weighted mean of the twelve
transect densities and the corresponding variance, which does not require the Poisson

assumption CI for D is $ v$ar( $ )D t D± 11 . Both approaches give very similar results. Recall

estimated mean density was 0.00498; estimated abundance was 330.

Approximate 95% confidence interval for density at the time of survey 1:
by method (a) 0.00246 to 0.00750
by method (b) 0.00236 to 0.00760

Approximate 95% confidence interval for abundance in the survey region of 66,270 m2, at the
time of survey 1:
by method (a) 163 to 497
by method (b) 157 to 503

EXACT CONFIDENCE INTERVALS FOR A POISSON MEAN

Exact confidence intervals for the mean of a Poisson distribution, given a single observation N,
can be obtained very easily using a link between the χ2 distribution and the Poisson distribution,
which says that, if N is distributed as a Poisson variable with mean µ, then for positive integers
x,

Pr(N < x) = Pr(a χ2 variable with 2x degrees of freedom is  > 2µ).

Reference: Armitage, P. and Berry, G. (1987) Statistical methods in medical research, 2nd

edition. Blackwell, Oxford.
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Then a 100(1- α)% confidence interval for the mean of a Poisson distribution, given a single
observation N, is between

µL = (1/2)*(lower 100α/2 % point of χ2(2N) distribution)
µU = (1/2)*(upper 100α/2 % point of χ2(2N+2) distribution)

The formulas for use in Microsoft Excel, for 95% confidence intervals, i.e. α = 0.05, are

µL = CHIINV(0.975,2*N)/2
µU = CHIINV(0.025,2*N+2)/2

(Note that the CHIINV function gives upper ëtailsí of the χ2 distribution.)

On the next page are calculated values for a range of possible N values, with corresponding
confidence intervals for the abundance, based on area sampled = 2*1506 m2 and total area
66270 m2. I have also shown the percentage below and above the estimated mean for this exact
method (e) and method (a) of the previous section.

Again you can see that quite large numbers are required to obtain a reasonably narrow
confidence interval. You may wish to experiment with using 90% confidence intervals (α
=0.10).

Provided the Poisson assumption is reasonable, these exact confidence intervals are best,
although there is little difference between all three in this case. If we do not wish to assume the
Poisson distribution, we cannot so easily predict the width of confidence intervals for future
surveys with different N, because we need to assume something about how the variance of N,
the number observed, changes as N (or, strictly, its expected value or mean) changes. That is,
for confidence intervals by method (b) we cannot produce a table such as given overleaf for
methods (e) and (a), without making some extra assumption.

We certainly cannot assume that the variance of N would be constant if the mean of N changes,
and simply use the estimated variance of 1.412 x 10-6 for estimated density. We would expect
the variance of N to increase for larger expected values of N. The Poisson assumption
automatically answers this question for us; it says the variance of N is proportional (in fact
equal) to the mean of N. This means that the standard error as a proportion of the expected mean
of N would decrease as N increased, by the square root, SE(N)/E[N] = 1 / [ ]E N , so that with

larger N, we get narrower confidence intervals, and hence more precise estimates, relative to the
size of the mean.
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APPENDIX B

Logistic and cost assessments of population surveys

The effort and corresponding cost required to reliably detect different levels of change between
population surveys is listed in the table below. For example, in Option 1 the density of handfish
would have to decrease by 80% or increase by 400% before a change could be reliably detected.
Similarly for Option 7, the density would have to decrease by 29% or increase by 40% to be
reliably detected.

OPTION 1 2 3 4 5 6 7

Min decrease detectable 80% 75% 66% 50% 45% 37% 29%

Min increase detectable 400% 300% 200% 100% 80% 60% 40%

Survey effort required* 22 46 68 108 138 216 340

Implementation cost $4,900 $10,500 $15,500 $24,600 $31,600 $49,200 $77,300

* Survey effort is the total number of diver days required to conduct each option at the three sites, twice

each year.

Option 1 is clearly the cheapest, however its ability to resolve changes in density is inadequate.
We decided that a minimum resolution of detecting a 50% decrease (Option 4) was the most
appropriate given costs and number of diver days required. Being able to detect smaller changes
in density is desirable, however implementing the greater survey effort required is not cost
effective and would be logistically difficult.




