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Abstract

Seahorses have the potential to be flagship species for estuarine conservation around the world and considerable concern has

arisen over their declining abundance in the face of exploitation. All seahorses were recently listed on CITES Appendix II in rec-

ognition of threats posed by unsustainable trade. However, the efficacy of this measure and the development of other effective con-

servation solutions will require an understanding of natural seahorse population dynamics at relevant ecological scales. In this

study, we provide quantitative data on seahorse populations over nested spatial and temporal scales up to 10 km and 3.5 years.

Unexploited populations of the big-bellied seahorse (Hippocampus abdominalis) in the Derwent estuary, Tasmania, Australia con-

sisted largely of mature adults with highly female-biased sex ratios at all sites. While big-bellied seahorses had an aggregated dis-

tribution at the spatial scale of our transects (200 m2), most individuals were found alone. When they occurred in groups, the

distribution of individuals was random with respect to sex in contrast to the pair bonds found in other seahorse species. All three

monitored populations showed significant declines in abundance of 79–98% over the period 2001–2004. Estuarine physicochemical

conditions did not change markedly during this period. Possible causes of seahorse declines are interactions with invasive species,

disease or reproductive limitation through Allee effects. The magnitude of the declines in the absence of direct exploitation demon-

strates that seahorses face multiple threats. Robust fisheries-independent monitoring will be required to demonstrate that conserva-

tion actions such as CITES listing are effective.

� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Estuaries are important coastal habitats ecologically

and commercially. Despite low species richness at any

particular location, estuaries support significant marine

biodiversity through high levels of species turnover be-
tween locations (Price, 2002). Some estuaries have sub-

stantial fisheries while others serve as nursery grounds
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for large commercial fisheries elsewhere (Blaber et al.,

2000; Gillanders et al., 2003). Estuaries are, however,

among the most highly modified coastal ecosystems

and the most threatened by human activities (Blaber

et al., 2000). Continued declines in the condition of estu-

aries have been reported from around the world because
of changes in catchment land-use, coastal development

and pollution (e.g., Kiddon et al., 2003; Baird et al.,

2004).

Seahorses (genus Hippocampus) are potential flagship

species for estuarine conservation. Found in estuaries

around the world, they are affected by many marine con-

servation problems including habitat degradation or
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loss, direct overexploitation and incidental bycatch in

non-selective fishing gear (Vincent, 1996; Baum et al.,

2003; Bell et al., 2003). As a resource, seahorses are used

in traditional medicine, as curios and as aquarium fishes

(Vincent, 1996). In recognition of the threats facing sea-

horses, all species were listed on Appendix II of the Con-
vention on International Trade in Endangered Species

of Wild Flora and Fauna (CITES), with implementation

in May 2004.

We know little about wild populations of most spe-

cies of seahorse (Foster and Vincent, 2004). The major-

ity of seahorse species (23 of 33) are listed as Data

Deficient on the IUCN Red List (IUCN, 2003). The

Knysna seahorse is listed as Endangered on the basis
of its limited occurrence in only four South African estu-

aries (Bell et al., 2003). If we are to measure the effects of

our conservation actions we need a thorough under-

standing of seahorse populations incorporating spatial

and temporal structure. There are, however, few long-

term data on spatial and temporal patterns for seahorses

spanning multiple seasons and years (but see Perante

et al., 2002; Curtis and Vincent, in press).
In general seahorses have been found in low abun-

dance in natural ecosystems (Foster and Vincent,

2004). Low abundance may make populations more vul-

nerable to fishing mortality through Allee effects where-

in some component of individual fitness declines as

population size declines in a positive density-dependent

relationship (Gascoigne and Lipcius, 2004). Mean esti-

mates of density ranged from 0.60 to 110 per 100 m2

for seven species of seahorse (references in Foster and

Vincent, 2004). However, almost all densities >100 per

100 m2 were found in focal grid behavioural studies

where sites were deliberately selected for high numbers

of seahorses (Bell et al., 2003; Moreau and Vincent,

2004; Vincent et al., 2004).

The big-bellied seahorse, Hippocampus abdominalis,

found in southeast Australia (New South Wales, South
Australia, Tasmania and Victoria) and New Zealand,

is one of the largest seahorses, growing to over 30 cm

height and 30 g wet weight (Lourie et al., 1999). It is

listed as Vulnerable on the IUCN Red List (2003) and

Data Deficient within Australia (Pogonoski et al.,

2002). Whilst not historically known in the traditional

medicine trade, it has been the focus of considerable

aquaculture efforts as an aquarium species since the
early 1990s. Successful development of culturing tech-

niques has led to increasing trade within Australia and

internationally (K. Martin-Smith and A. Vincent,

unpublished data). The effects of extracting broodstock

from the wild are not known nor are there any published

assessments of population trends.

Our aim in this study was to quantify the spatial and

temporal distribution of wild populations of the big-bel-
lied seahorse. We established study sites in southeastern

Tasmania and conducted underwater visual censuses at
intervals of one to two months over more than three

years. Life-spans for larger species of seahorse have been

estimated at three to five years (Foster and Vincent,

2004). Thus, while the life-span for the big-bellied sea-

horse is not known in the wild, sampling over three

years is likely to be ecologically relevant with respect
to growth, mortality and recruitment. One problem in

detecting long-term trends in abundance in this kind

of sampling programme is estimating the contribution

of short-term stochastic variability (Krebs, 1999). There-

fore, we also sampled populations at temporal scales of

days and weeks. These data allowed us to produce quan-

titative evaluation of population abundance, size struc-

ture and sex ratio, and changes in these parameters
over time.
2. Materials and methods

2.1. Study sites

This study was conducted in the estuary of the River
Derwent in Hobart, southeastern Tasmania (42�S
147�E). The estuary covers approximately 200 km2, is

relatively deep (20–44 m maximum depth) and highly

stratified in the narrow upper reaches with freshwater

input chiefly over the austral winter (June–August). It

has been heavily affected by human activities with high

levels of heavy metals and nutrients, 70 introduced mar-

ine species and historical losses of macroalgae and sea-
grass (Green and Coughanowr, 2003). The estuary has

significant levels of nutrient enrichment with nitrite,

ammonia and phosphate regularly exceeding Australia

and New Zealand Environment and Conservation

Council guidelines (Green and Coughanowr, 2003).

Commercial fishing in the estuary is restricted to the

lower reaches below the sampling sites used in this study

(Green and Coughanowr, 2003). Similarly, recreational
fishing in the area of the Derwent estuary shown in

Fig. 1 is restricted to hook-and-line only.

Six sites were established in the Derwent estuary: a

single site was used for pilot work in 1988 and five fur-

ther sites were selected for work in 2000–2004 (Fig. 1).

Initial work was conducted around two similar piers

of a marina where there were anecdotal reports of high

numbers of seahorses. Each pier covered approximately
1100 m2 of seabed with a water depth of 6–8 m. We

chose later sites to be representative of conditions in

the Derwent estuary and these were located 0.5–3 km

apart. The substratum at all sites was predominantly

soft sediment with varying amounts of fine sand, shell

debris, boulders, rocky reef and anthropogenic debris

(Table 1). We consider these latter features to be micro-

habitats, as their spatial extent (<3 m) was considerably
smaller than that of our sampling unit (50 m length). We

have presented all of our data by site from north to



Fig. 1. Map of lower Derwent estuary, Tasmania showing locations of

our study sites. 1988 site is shown in grey; 2000–2004 sites are shown in

black. Asterisks indicate sampling stations for water quality param-

eters collected by the Derwent Estuary Program.
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south, representing progressively more oceanic

conditions.

Water quality parameters for four stations close to

our sampling sites (Fig. 1) were collected by the Derwent

Estuary Program, Department of Primary Industries
Water and Environment as part of estuary-wide envi-

ronmental monitoring. Data for selected parameters

(temperature, dissolved oxygen, total nitrogen and total

phosphorus) for the period December 2000–March 2004

were abstracted to provide a description of physico-

chemical changes during the period of our study.
Table 1

Details of sampling locations and frequency for underwater visual censuses o

South

Site Depth

(m below

chart datum)

Habitat description

Lindisfarne 1.8–6.1 Extensive silt with small patch of rock r

Rose Bay 1.7–8.3 Low rocky reef surrounded by extensive

Tasman Bridge 2.3–8.2 Large expanse of silt with extensive larg

bridge.

Battery Point 0.9–9.0 Mainly silt with areas of shell debris. So

oyster reef in shallow depths (1–2 m). La

Royal Tasmanian

Yacht Cluba
1.0–7.5 Mooring piers for recreational vessels. W

debris. Silt substrate.

Wrest Point 1.1–8.1 Large boulders (1–3 m) emergent from s

a Pilot site in 1988.
2.2. Underwater visual censuses

We quantified seahorse populations using underwa-

ter visual censuses in December 1988 and from

December 2000 to March 2004. In December 1988

we conducted a one-month long intensive study
wherein seahorse populations were quantified around

two piers at time intervals ranging from 3 h to 7 days

(for a total of 32 samples; Table 1). On three occa-

sions, the seahorses were tagged with uniquely num-

bered plastic �necklace� tags (Vincent and Sadler,

1995). We also conducted three night dives starting

at 2130 or 2200. On each dive the whole area around

one pier and the pilings of the pier itself was searched.
We recorded the seabed area covered by each pier but

it should be noted that abundance estimates could not

be directly compared with later censuses because of

the additional three-dimensional structure provided

by the piers. We noted the location of each individual,

its sex and size. We defined seahorses as adults if their

sex could be determined visually: males with a devel-

oping or developed brood pouch and females with a
pronounced rounded abdomen (Woods, 2000). This

does not necessarily equate to reproductive capability.

Size is difficult to measure in seahorses because of

their unusual body morphology; our measurements

refer to height (see Lourie et al., 1999; Foster and

Vincent, 2004 for details).

From December 2000 to February 2001, we con-

ducted intensive seahorse population surveys at five
sites using stratified random belt transects, each one

50 · 4 m. We surveyed between six and twelve tran-

sects at each site on each sampling occasion at inter-

vals of 2–7 days (Table 1). We stratified our

sampling by time of day (early morning, late morning,

early afternoon, late afternoon), tide height and phase

of moon (new, first quarter, full, third quarter). For

safety reasons, we started each survey with the deepest
transect and moved progressively shallower. The start
f seahorses in the Derwent estuary, Tasmania, arranged from North to

Number of sampling

occasions (transects)

Intensive Long-term

eef. Little anthropogenic data. 6(54) –

silt. Little anthropogenic debris. 4(26) –

e anthropogenic structures close to base of 8(84) 16 (154)

me areas of low rock and extensive rock/

rge amounts of anthropogenic debris.

10 (92) 21 (186)

ooden pilings and extensive anthropogenic 32 –

ilt and fine sand. Some anthropogenic debris. 9(80) 11 (98)
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point of each new transect was a randomly assigned

horizontal distance between 1 and 25 m from the pre-

vious transect. We sampled transects at depths be-

tween 1 and 9 m below mean chart datum on each

occasion except at one site (Lindisfarne) where strong

currents precluded depths greater than 6 m. Each tran-
sect was run at approximately the same depth

throughout, i.e., parallel to depth contours. Two

observers swam side by side whilst one unreeled a

50 m fibreglass tape. Each observer searched a belt

2 m wide on one side of the tape only. Initial training

dives allowed us to estimate this distance visually.

This sampling procedure was designed to detect all

seahorses, adult or juvenile, within the sampling area.
Whenever we encountered seahorses within the area

of the belt transect, the distance along the transect was

recorded. We recorded the sex of each individual and

whether there were other seahorses within visual range

(approximately 2 m). We did not measure height directly

but recorded the size in one of six size classes by holding

the seahorse against scale drawings of known size. The

smallest size class (0) consisted of all individuals smaller
than 160 mm height while all subsequent size classes cor-

responded to size class intervals of approximately

25 mm. We also recorded the microhabitat where the

seahorse was found in the following categories: anthro-

pogenic debris, bare sediment, macroalgae (Codium

spp., Ulva spp., unidentified red algae), other organic

material (ascidians, holothurians, branches, etc.) or rock

(including seahorses on a rock or within 50 cm). For
each site overall microhabitat availability was assessed

qualitatively on a six point scale: l = very rare (<1%

available area); 2 = rare (1–5%); 3 = moderately rare

(5–10%); 4 = common (10–25%); 5 = abundant (25–

50%); 6 = dominant (50–100%).

From December 2001 to March 2004, we surveyed

seahorses at a subset of three sites (Tasman Bridge, Bat-

tery Point and Wrest Point) at one to two-monthly inter-
vals (Table 1). We also surveyed Lindisfarne and Rose

Bay at irregular intervals of 6–9 months (January

2002, August 2002, April 2003 and January 2004). We

used the same belt transect method as described above

but measured all seahorses directly. Size data were

grouped into 10 mm height classes. From November

2002 to April 2003 size-frequency distributions were

supplemented with additional data from a separate
mark-recapture study that we conducted at Tasman

Bridge and Battery Point. Our sample design allowed

the possibility that an individual seahorse could move

among transects and be recorded more than once during

a dive. However, we released seahorses (which invari-

ably swam away) in the opposite direction to our next

transect. Marked individuals were also rarely encoun-

tered more than once in a dive and thus we are confident
that the majority of seahorses that we measured were

unique individuals.
2.3. Data analyses

We used data from our intensive 1988 sampling to

provide bootstrap error estimates for our long-term

monitoring. We constructed matrices of abundance dif-

ferences between all possible pairwise combinations of
samples and converted these to percentage of the pair-

wise mean. As there was no relationship between time

and the magnitude of the abundance difference, we cal-

culated the overall mean as a bootstrap stochastic error.

As we had unequal replication between sites during

our intensive sampling, we used a general linear model

to investigate differences in seahorse abundance between

sites. We used a hierarchical model with sampling occa-
sions nested within our main factor, sites. We used

Yates-corrected v2 tests to detect significant deviations

from 1:1 sex ratios at each site except for Rose Bay

where we encountered too few seahorses for meaningful

analysis. We investigated the influence of time of day,

tide height and phase of moon on abundance (density),

size-frequency and sex ratio of seahorses using our com-

bined intensive data from December 2000 and January
2001. We calculated mean abundance and mean size

for each sampling occasion and sex ratio for sampling

occasions with more than 10 seahorses. We then used

periodic regression (also known as linear-circular regres-

sion) with mean abundance, mean size or sex ratio as the

response variable and time of day, tide or phase of moon

as the continuous predictor variable (deBruyn and

Meeuwig, 2001). We repeated these analyses using linear
regression. We investigated the relationship of seahorse

abundance and size with depth in a similar manner ex-

cept that individual transects were used as replicates.

To investigate the spatial patterns of seahorses

among transects we used the standardized Morisita�s in-
dex of dispersion (Ip) (except for Rose Bay where there

were too few data). This index is considered to be one of

the best measures of dispersion as it has been found to
be independent of population density and sample size

(Krebs, 1999). The index, ranging from +1.0 (clumped)

through 0 (random) to �1.0 (uniform) is associated with

a known sampling distribution and 95% confidence lim-

its at +0.5 and �0.5 (Krebs, 1999). To determine

whether seahorses preferentially associated with others

of the same sex or the opposite sex we compared ob-

served and expected frequencies using v2 tests under
the null hypothesis that groups were random associa-

tions between individuals. Spearman rank correlation

tests were used to compare microhabitat availability

and seahorse microhabitat use.

We used non-linear regression to examine trends in

long-term patterns of abundance, fitting negative expo-

nential curves to abundance data from December 2001

onwards. Instantaneous mortality rates were derived
from the slopes of these curves and converted to finite

yearly survival rates (Krebs, 1999). As above, we used
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Yates-corrected v2 tests to detect significant deviations

from 1:1 sex ratios at each site. All statistical tests were

performed using SPSS 11.0 with a significance level of

a = 0.05 and all means are reported ± SE unless other-

wise stated.
3. Results

3.1. Physicochemical patterns

Temperature in the Derwent estuary ranged from

approximately 11 to 18 �C seasonally over the course

of the study (Fig. 2(a)). Dissolved oxygen levels were
generally above 5 mg l�1 and fluctuated unpredictably

spatially and temporally with two records of very low

oxygen levels below 3 mg l�1 (Fig. 2(b)). Total nitrogen

and total phosphorus levels remained reasonably con-

stant over time with some spatial and temporal variation

(Fig. 2(c) and (d)).

3.2. Short-term patterns

Seahorses were abundant on and around both piers

during our initial sampling in 1988 and 1989 with mean

abundance of 3.57 ± 0.30 and 2.56 ± 0.21 per 100 m2

(Fig. 3(a)). There appeared to be no systematic changes

in abundance over the brief sampling period (30 days)

although we found higher numbers of seahorses on

two of three night dives (Fig. 3(a)). Bootstrap estimates
of variation in abundance were 30% and 35% of the

mean for the two piers. All seahorses that we observed
Fig. 2. Physicochemical parameters for water sampled at the stations shown

the Derwent Estuary Program, DPIWE.
were adults ranging from 164 to 207 mm for females

and 167–214 mm height for males. There was no evi-

dence of multiple cohorts in the size-frequency distribu-

tion (Fig. 3(b)). Sex ratio at one of the two piers was

highly female-biased (approximately three females for

every one male) and remained consistent over time while
there was a systematic change from male-biased to fe-

male-biased sex ratios at the second pier (Fig. 3(c)).

During our sampling in 2000 and 2001 seahorse

abundance differed significantly among sites (F = 1.57,

p = 0.026). We found highest densities at Battery Point

(mean 1.11 ± 0.12 per 100 m2), similar densities at Lin-

disfarne, Tasman Bridge and Wrest Point (means

0.56 ± 0.10, 0.65 + 0.10 and 0.75 ± 0.08 per 100 m2,
respectively) and low density at Rose Bay (mean

0.12 ± 0.04 per 100 m2). Again, all seahorses that we ob-

served were adults. Size-frequencies were broadly similar

unimodal distributions at Tasman Bridge, Battery Point

and Wrest Point sites while Lindisfarne had a greater

proportion of smaller seahorses (Fig. 4). Female sea-

horses at all sites were significantly larger than males

by approximately half a size class (13 mm). Sex ratios re-
mained consistent over the period of sampling so we

combined all data for subsequent analyses. We found

significantly female-biased populations at all sites (Yates

corrected v2 > 5.24, p < 0.022 in all cases).

We found no relationships between seahorse density,

mean size or sex ratio and time of day or tide height

(Table 2). There was a very weak negative relationship

between seahorse density and sin (2 * moon) with
slightly higher abundance at days 11 and 25 of the lunar

cycle but this relationship was not apparent with linear
in Fig. 1 for the period December 2000–March 2004. Data courtesy of



Fig. 3. (a) Abundance trends for seahorses, (b) size-frequency distribution, and (c) trends in seahorse sex ratio from sampling at the Royal

Tasmanian Yacht Club from 1 December 1988 to 5 January 1989. The two replicate piers are shown with different symbols and shading. (a) N

indicates night dives, (b) females are hatched and males white, (c) asterisks indicate significant departures from a 1:1 sex ratio using v2 tests. The size-
frequency distribution was constructed from uniquely identified individuals only.
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regression. Similarly, there was a weak negative relation-
ship between seahorse size and cos (2 * moon) suggest-

ing slightly smaller seahorses were found on full and

new moons (Table 2). We found a positive linear rela-

tionship between seahorse abundance and depth but this

was strongly influenced by two outliers of deep transects

with high numbers. With either of these transects re-

moved the relationship was no longer significant and

the proportion of total variance explained by depth
was very low (Table 2).

At the spatial scale of our belt transects seahorses

were significantly clumped at all sites with all Ip values
greater than +0.5 (Table 3). However, at each site 60–
75% of individuals were found alone with no other indi-

vidual within visual range (Table 3). When seahorses

were found in association with others they were found

in same-sex pairs, male-female pairs, same-sex groups

or mixed-sex groups, the largest group size being 10

individuals at Battery Point (Table 3). There were very

strong positive relationships between abundance of sea-

horses and the number of groups or the numbers of indi-
viduals found in groups (linear regression: adjusted

r2 = 0.865, p = 0.046, n = 4 and adjusted r2 = 0.998,

p = 0.001, n = 4, respectively). The distribution of sea-



Fig. 4. Size-frequency distributions for seahorses for four sites in the Derwent estuary for January 2001. No data are presented for Rose Bay as only

six seahorses were found. Size class intervals are approximately 25 mm except for the smallest size class (<160 mm), represented by a single individual

at Lindisfarne.

Table 2

Summary of results from periodic regression of seahorse variables against physical predictors for data collected during sampling period December

2000–January 2001 irrespective of site

Seahorse variable N Time of day Tide height Phase of moon n Depth

Mean density 37 NS NS Weak �ve relationship with sin (2 * moon) 336 Weak +ve relationship

Spearman rank correlation rs = �0.108, p = 0.048 Spearman rank correlation

rs = 0.080; p = 0.143

Linear regression r2 = 0.001, p = 0.672 Linear regression

r2 = 0.005, p = 0.018

Mean size 37 NS NS Weak �ve relationship with cos (2 * moon) 199 NS

Spearman rank correlation rs = �0.058; p = 0.216

Linear regression r2 = 0.011, p = 0.023

Sex ratio 24 NA NA NS – NA

For each sampling occasion mean density and size were calculated and regressed against time of day, tide height or phase of moon.

Sex ratio data were only used if more than 10 individuals were found and only analyzed with respect to moon phase.

To investigate the relationship of seahorse density with depth, individual transect data were used.

Similarly, individual transect data with seahorses present were used to investigate the relationship of seahorse size with depth.

NS = no significant relationship, NA = not analyzed.
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horses in same-sex or mixed-sex groups was not signifi-

cantly different from random association based on over-

all sex ratios (p > 0.22 for all v2 tests).
Seahorses used a variety of microhabitats as holdfasts

but were also found resting on the substrate without

grasping on to anything with their tails. Seahorses did

not use microhabitats in proportion to their availability

at all sites (Spearman rank correlations Rs < 0.667,
p > 0.219) (Table 4). However, there was no consistent
choice of one type of microhabitat across all sites with

greater use of anthropogenic debris at Lindisfarne and

Battery Point, macroalgae and other organic material

at Tasman Bridge and rock at Wrest Point (Table 4).

3.3. Long-term patterns

Seahorses showed significant declines in abundance
at all three long-term monitoring sites (Fig. 5). Using



Table 3

Spatial patterns of seahorses at four sites in the Derwent estuary, Tasmania in January 2001

Site Number of transects Number of seahorses in specified group size

Ip Alone 2F 2M 1F1M >2F

(# groups)

>2M

(# groups)

>2 mixed

(# groups)

Total F Total M

Lindisfarne 54 0.696 51 6 0 0 0 0 10(2) 39 28

Tasman Bridge 84 0.784 71 14 0 8 9(3) 0 6(1) 86 22

Battery Point 92 0.880 118 18 2 10 12(4) 0 36(6) 154 42

Wrest Point 80 0.811 65 6 0 20 0 4(1) 4(1) 57 42

No data are presented for Rose Bay as too few seahorses were found for meaningful analysis.

Seahorses were significantly clumped at the spatial scale of the transect; all standardized Morisita�s index of dispersion values were greater than+0.5.

Within transects, the number of seahorses found alone or in association with conspecifics of the same or opposite sex are given.
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mean abundance in January 2001 as a baseline value in

comparison with the mean abundance of the last four

sampling occasions declines were 98% at Tasman

Bridge, 79% at Battery Point, and 80% at Wrest Point.

At Battery Point seahorses appeared to have been
declining from December 2000 as better fits were

achieved using the whole data set (r2 = 0.742) rather

than data from December 2001 onwards (r2 = 0.350;

Fig. 5(b)). For the other two sites declines seemed to

have begun later (early 2002) with good fits to exponen-

tial decay curves (r2 = 0.859 for Tasman Bridge, Fig.

5(a); r2 = 0.531 for Wrest Point, Fig. 5(c)). Instanta-

neous mortality rates were �2.625 for Tasman Bridge,
�0.621 for Battery Point and �1.749 for Wrest Point

representing yearly survival rates (k) of 7.2%, 17.4%

and 53.7%, respectively.

Our infrequent visits to Lindisfarne and Rose Bay

confirmed that seahorses were also largely absent from

these sites; we found a total of two seahorses over four

visits.

Throughout the entire sampling period seahorse pop-
ulations consisted almost entirely of adult animals.

From December 2001 onwards we found only nine juve-

niles out of a total of 418 seahorses, all but two in the

winter months of June, July and August. Where there

were sufficient data, size-frequency distributions of

adults remained broadly similar with some evidence of

smaller seahorses entering the population in June–Au-

gust 2002 and December 2002–January 2003 (Fig. 6).
Females showed size-frequency distributions skewed

further to the right than males with larger size classes

(270 mm height and greater) almost exclusively female

(Fig. 6).

Sex ratios did not appear to show any systematic

changes over time at any of the three sites although there

were some month-to-month fluctuations (Fig. 7). There

were insufficient data (<10 seahorses) to calculate sex ra-
tios on two occasions at Tasman Bridge and five occa-

sions at Wrest Point. At Tasman Bridge and Battery

Point seahorse populations were highly female-biased

on almost all sampling occasions including three occa-

sions where no males were found at all (Fig. 7(a) and

(b)). Although the sex ratio at Wrest Point was slightly
female-biased during our initial intensive sampling, sub-

sequently it was never significantly different from equal-

ity except in February 2002 when there were more males

than females (Fig. 7(c)).
4. Discussion

Our data represent the first regular population mon-

itoring of seahorses over relevant ecological time scales.

We also provide the first field estimates of abundance,

sex ratio and size structure for the big-bellied seahorse.

This work documents significant declines in populations
of big-bellied seahorses over different sites in the Der-

went estuary, unrelated to direct fishing pressure. Abun-

dance of big-bellied seahorses in our study during 2000

and 2001 were similar to those found for H. hippocam-

pus in Portugal (Curtis and Vincent, in press) and H. re-

idi in Brazil (Dias and Rosa, 2003), but then diminished

greatly. We also found that big-bellied seahorse popula-

tions have very different spatial structure to other stud-
ied seahorse species, with highly skewed sex ratios at

some sites and the majority of individuals not found in

association with opposite-sex partners.

We are confident that population declines in our

long-term sampling reflects real changes over time. We

used sampling at nested temporal scales to partition var-

iance due to stochastic variability, periodic physical

changes and long-term directional changes (Krebs,
1999). Our short-term intensive sampling in 1988 pro-

vided a bootstrap estimate of stochastic variability. Sim-

ilar intensive sampling in 2000–2001 showed that there

were few effects attributable to periodic variations across

time of day, state of tide or phase of moon. The signif-

icant effects that we did detect were small in magnitude

(explaining less than 2% of variation in all cases) com-

pared with stochastic variation and probably not biolog-
ically relevant.

Seahorse population declines were not related to di-

rect fishing or incidental capture as bycatch. Seahorses

are protected species in Tasmanian state waters requir-

ing permits for collection (Living Marine Resources

Management Act 1995). No collection of broodstock
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for aquaculture took place in the Derwent during the

study and there was no evidence of illegal collection of

seahorses. Similarly, non-selective fishing gear (trawls

and dredges) was prohibited in the area of our study.

We are also confident that our presence did not have ad-

verse effects on seahorse populations. Mark-recapture
work on the same species elsewhere in Tasmania and

in New South Wales over two years with similar levels

of handling did not produce population declines (K.

Martin-Smith and J. Clark-Jones, unpublished data).

Possible stressors of seahorse populations include

water quality, physical disturbance invasive species or

disease. It seems unlikely that water quality or physical

disturbance were responsible for the observed declines.
Water quality has generally improved in the Derwent

estuary over the sampling period through measures to

reduce heavy metal and sewage pollution (Green and

Coughanowr, 2003). We saw no systematic changes in

levels of nutrients or dissolved oxygen. While levels of

heavy metals in sediments remain very high but this

has been the case for at least 40 years (Green and

Coughanowr, 2003). Physical disturbance during the
study was minimal.

Both invasive species and disease remain possibilities

for the seahorse declines. Whilst apparently not direct

competitors with seahorses, two invasive species, the

northern Pacific starfish Asterias amurensis and the

European green crab Carcinus maenas, are highly abun-

dant in the Derwent estuary (Ross et al., 2004). As a

voracious generalist predator, the northern Pacific star-
fish in particular can have significant effects on benthic

ecosystems through physical or trophic modification

(Ross et al., 2003). Very little is known about disease

in wild seahorse populations but seahorses suffer from

a variety of pathogens in captivity (e.g., Alcaide et al.,

2001).

An alternative hypothesis is that seahorse popula-

tions undergo large natural fluctuations and that our ini-
tial sampling coincided with high recruitment success or

subsequent declines were due to recruitment failure. We

consider this hypothesis to be unlikely. Although recent

analysis has suggested that a European species, H. gut-

tulatus, has some life history parameters that conform

to opportunist or �r-selected� species (rapid growth, early

age at maturity and short generation times; J. Curtis &

A. Vincent, unpublished data), seahorses do not attain
most opportunists� high abundance and biomass over

large geographic areas (references in Foster and Vincent,

2004). Moreover, quite unlike most opportunists, sea-

horses exhibit obligatory parental care, structured mat-

ing patterns, and restricted home ranges.

Potentially, big-bellied seahorses could show large

recruitment pulses as they may have brood sizes of

>1000 offspring and be reproductively mature in less
than a year (Woods, 2000; K. Martin-Smith, unpub-

lished data). Big-bellied seahorses are born at



Fig. 5. Abundance trends for seahorses from (a) Tasman Bridge, (b) Battery Point, (c) Wrest Point. Mean of short-term samples from December

2000–January 2001 shown in grey. Errors bars represent bootstrap estimate of 35% (see text for details).
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15–20 mm height (Woods, 2000) and presumed to spend

some time in a planktonic dispersal phase (Kuiter,

2000). The smallest seahorses observed in our study

were 80–90 mm and probably at least four months old

(Woods, 2000). Thus increased mortality in juvenile

habitats, which are unknown for any species of seahorse

(Foster and Vincent, 2004), could have contributed to

population declines. However, the population mortality
rate at two of our three sites (Tasman Bridge, Wrest

Point) was considerably greater than would be expected
for simple natural mortality of a species with a life span

of approximately five years, even if little or no recruit-

ment occurred during the study.

A third proximate hypothesis for the declines could

be some form of reproductive limitation or Allee effect

relating to the dearth of males in the population, espe-

cially if males limit the rate of reproduction in H.

abdominalis as they do in H. fuscus (Vincent, 1994).
Some support for this hypothesis is provided through

the observed lower rate of decline at the site with highest



Fig. 6. Size-frequency distributions for seahorses for all sites combined for April 2002–April 2003. Size class intervals are 10 mm. No data have been

given from May 2003 onwards as sample sizes were fewer than 10. Data represent all seahorses observed during censuses.
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seahorse abundance (Battery Point), presumably with

greater encounter rates between individuals. Preliminary

microsatellite DNA data reveals sexual monogamy in

wild big-bellied seahorses, at least within one reproduc-

tive cycle (T. Wilson and K. Martin-Smith, unpublished

data). However no evidence of social monogamy i.e.

male-females pairs was observed, as is generally found

in other seahorses (Foster and Vincent, 2004). Instead,
we found most seahorses alone or associating in groups,

apparently at random. We also observed numerous inci-

dents of courtship behaviour at Battery Point between

groups of females and single males (K. Martin-Smith,

unpublished data), with courtship between groups of

males and sexually receptive females observed ex situ

(Woods, 2000; Kuiter, 2000). More information about

operational sex ratios (relative reproductive rates of
the two sexes) or about population declines at different

sex ratios would help evaluate this hypothesis.

Species-based conservation instruments will only be

effective if they address the causative factors of popula-

tion declines. The CITES listing for seahorses was based
on work demonstrating the threat of international trade.

Monitoring the effects of a CITES listing often relies so-

lely on trade records (Wijnstekers, 2003). In this study

we have demonstrated substantial declines, at a local

scale, unrelated to fishing or trade. This illustrates the

necessity of robust monitoring which is fisheries- or

trade-independent in order to avoid drawing false con-

clusions about the efficacy of particular conservation
measures. In the case of seahorses, we advocate moni-

toring �sentinel� populations around the world in

locations where seahorses are exploited and where they

are protected or unexploited.

We believe that the charismatic nature of seahorses

may provide a powerful means of mobilizing political

will and public support to develop appropriate conser-

vation solutions to be broadly applied across estuarine
and other marine systems. Seahorses have already led

the way in new approaches to marine conservation,

e.g., becoming the first commercial marine fish to be

listed on CITES. There is certainly an urgent need to

alert policymakers, resource users and the general



Fig. 7. Sex ratio trends for seahorses from (a) Tasman Bridge, (b) Battery Point, (c) Wrest Point. Mean of short-term samples from December 2000–

January 2001 shown in grey. Dotted line represents 1:1 sex ratio and points marked with asterisks are significantly different from this. No data have

been given where total number of individuals was fewer than 10.
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public to the increasing anthropogenic pressures threat-

ening estuaries and their many ecosystem linkages (Bla-

ber et al., 2000; Gillanders et al., 2003). If not, then we

face further losses of resources, biodiversity and eco-

system function.
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