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Abstract The ecology of cubozoans is poorly
understood and there are few quantitative studies on
their distribution patterns. Sampling was designed to
test first for variation in abundance with distance
across the continental shelf in waters of the Great
Barrier Reef, Australia. Second, we tested for the
possible influence of islands versus submerged reefs
on the abundances of cubozoan jellyfishes. Jellyfishes
were collected after attraction to tethered night lights.
Additional sampling focused on turbid near-shore
waters. Carybdeid jellyfishes were found at mainland,
inner, and mid-shelf reefs during summers between
2007 and 2010. No cubozoan medusae were found at
outer reef sites. Copula sivickisi and Carukia barnesi
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were more abundant near reefs with islands than at
fully submerged reefs. There was no evidence of lunar
periodicity in abundance for these cubozoan taxa.
Chironex fleckeri medusae were only found close to
shore near the mainland, but they were rarely observed
when riverine runoff was high. All taxa were charac-
terized by high spatial and temporal variation and
there was some evidence for small populations at
spatial scales of less than one kilometer. “Blooms”
and related intensity of predation and risk to humans
are most likely at small spatial scales.

Keywords Chironex - Irukandji - Carukia -
Alatina - Abundance - Runoff

Introduction

Jellyfishes of the Class Cubozoa (box jellyfish) are of
great biological interest (Bentlage et al., 2010) and are
a great risk to users of tropical waters (Barnes, 1966;
Gershwin et al., 2010). Despite their low species
diversity (40-50 species, Bentlage et al., 2010), they
are morphologically diverse and have fast growth
rates (Gordon et al., 2004), interesting life histories
(Hartwick, 1991a; Straehler-Pohl & Jarms, 2005),
strong swimming abilities (Gordon & Seymour,
2009), complex eyes that are used to hunt (Coates &
Theobald, 2003; Nilsson et al., 2005), and powerful
venom (e.g., Kintner et al., 2005). The nematocysts of
“Stingers” (Chironex fleckeri Southcott) cause life
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threatening stings and have been responsible for many
deaths in Australia alone (Gershwin et al., 2010).
Other taxa are also a threat. For example, “Irukandji
Syndrome” is an envenoming reaction in humans that
results from stings of several species of box jellyfish
(Little et al., 2006), which on rare occasions results in
death (Pereira et al., 2010). Cubozoans that pose
threats to humans occur in tropical waters of many
parts of the world (Fenner & Lippmann, 2009).
The threat of cubozoans has given great focus to the
nature of venoms (Nagai et al., 2000; Underwood &
Seymour, 2007), geographic variation in venoms
(Winter et al., 2009), affects on patients (Winter
et al., 2008; Tiong, 2009), and the development of
antivenoms. Although there is a diversity of dangerous
cubozoan medusae in tropical waters, knowledge of
their ecology is poor.

Scyphozoan and cubozoan jellyfishes are noto-
riously patchy in distribution at spatial scales ranging
from meters to tens of kilometers (Pitt & Kingsford,
2000; Gordon et al., 2004). Other species are simply
very difficult to find, which has been a major problem
for cubozoan research. For example, Hartwick (1991b)
completed 47 cruises across the continental shelf on the
Great Barrier Reef (GBR) near Townsville. On each
cruise, multiple Tucker Trawls and neuston tows were
done, but only eight C. fleckeri Southcott and about 82
other cubozoans were caught in total. Similarly, in 700
tows he collected only 100 C. fleckeri, with maximum
densities <3 medusae per 100 m> within four estuaries.
Other approaches have included casual observations
(Matsumoto, 1995) and the sampling of beach wrack
for jellyfishes, which have yielded few medusae
(Yamada et al., 2010). There are few data on temporal
variation in abundance, but new cohorts of one species,
Chiropsella bronzie, appear after rain events (Gordon
et al., 2004). Furthermore, in Hawaii regular occur-
rences of Alatina moseri Mayer appear 9-13 days after
the full moon and this is thought to relate to spawning
(Thomas et al., 2001).

Physical forcing often has a significant role in the
population dynamics of jellyfishes. Variation in factors
such as salinity, temperature, and abundance of food
can directly affect abundance of jellyfishes. These
factors often correlate with variation in nutrient levels,
riverine runoff, and upwelling, which may affect the
release of medusae from polyps and the survival of
medusae (Kingsford et al., 2000). For example,
medusae of the semaestostome Phyllorhiza punctata
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von Lendenfeld die if the salinity drops below 12
(Rippingale & Kelly, 1995). Greater knowledge of the
environmental conditions required by jellyfishes is
especially important because there is growing specu-
lation about the affects of climate change on popula-
tions of jellyfish (e.g., Lynam et al., 2005, 2010)—
specifically are blooms more likely?

Many cubozoans are photopositive and anecdotal
accounts suggested that they could be attracted to
lights, potentially allowing quantitative measures as
for pre-settlement reef fishes collected with light
traps (Doherty, 1987). Our objective was to focus on
shallow waters near the reefs at different distances
from the coast across the GBR. Shallow waters are
important biologically and also are the areas of highest
risk for swimmers.

The specific aims of this project were as follows:

1. To use a mensurative experimental design to test
the null hypotheses that abundances of cubozoan
medusae do not vary with distance across the
GBR and that patterns would be consistent in
multiple cross-shelf transects;

2. To test that broad-scale patterns of abundance of
cubozoan medusae do not vary with lunar phase;

3. To use mensurative experimental designs to test
the null hypothesis that cubozoan medusa abun-
dances are not different between islands and
submerged reefs;

4. To use opportunistic sampling and data from Surf
Life Saving Australia (SLSA) to obtain data on
rarer species;

5. Test if patterns of abundance of C. fleckeri and
riverine runoff are correlated.

Mensurative experimental designs are used to test
hypotheses about patterns, where the sites are not
selected by random (Hurlbert, 1984).

Methods
Abundances cross-shelf

The hypothesis that abundances of cubozoans do not
vary cross-shelf was tested within the framework
of a mensurative multi-factorial experimental design.
Three cross-shelf cruises (transects) were completed
annually during the summers of: (1) 2007-2008, (2)
20082009, and (3) 2009-2010 between December
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and February (see Fig. 1). Transects were Lizard
Island, Cairns, and the Palm Island Group, and
extended from 14°35’ E to 18°33’ E, about 450 km
North—South (Table 1). Three categories were defined
according to distance strata across the shelf (Distance
strata: inner, mid, and outer). For each transect at the
three distances, sampling was completed at two sites
separated by 0.7-3 km. Cubozoan medusae were
sampled by light attraction (1x 1,000 W bulbs posi-
tioned within the top 1 m of the water column). At each
site, two replicate 1-h samples were taken for abun-
dance data; replicates were taken from two anchored
vessels that were separated by 50-200 m so that pools
of light did not overlap. Additional sampling time was
to collect more jellyfishes for size frequency determi-
nations. The physical characteristics of the water

column were also measured at most sites using a CTD
(Seabird, SBE 19 Plus).

Temporal variation in medusa abundances was
determined from Mermaid Bay (over four summers)
and Double Island (near Palm Cove, 16°43/32 S;
145°41'00 E; Fig. 1). Sampling was completed on
multiple nights within each season.

The influence of geology on abundances
of cubozoan medusae

Patterns found in 2007-2008 suggested that carybdeid
jellyfishes would be most abundant around islands.
In two summers we chose distances from shore where
carybdeids were found in year one. We sampled two
reefs mid-shelf on the Lizard Island transect (Lizard
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Table 1 Locations of cubozoan jellyfish collection sites in northeastern Australia and frequency of sampling

Location Transect Shelf Seasons Latitude Longitude Distance from Geological
sampled mainland (km) description

Inner Islands Lizard Inner 1,2, 3 15°06.147 S 145°24.030 E 14 Wooded coral cay

Rocky Islets B Lizard Mid 2,3 14°52.715 S 145°31.459 E 22 Reef

Lizard Island Lizard Mid 1,2,3 14°38.865 S 145°27.235 E 30 Granite island

Yonge Reef Lizard Outer 1,2, 3 14°35.685 S 145°37.153 E 50 Reef

Fitzroy Island Cairns Inner 1,2,3 16°53.926 S 145°57.415 E 6 Granite island

Green Island Cairns Mid 2,3 16°45.312 S 145°57.966 E 12 Wooded coral cay

Arlington Reef Cairns Mid 1,2,3 16°42.103 S 145°58.122 E 19 Reef

Michaelmas Reef Cairns Outer 1,2, 3 16°36.480 S 145°58.022 E 35 Reef

Orpheus Island Orpheus Inner 1,2, 3 18°36.060 S 146°29.011 E 16 Granite island

Pelorus Island Orpheus Inner 1,2,3 18°33.266 S 146°29.170 E 16 Granite island

Britomart Reef Orpheus Mid 1,2,3 18°14.590 S 146°38.159 E 48 Reef

Barnett Patches Orpheus Outer 1,2, 3 18°04.748 S 146°51.023 E 64 Reef

Pandora Reef Orpheus Inner 3 18°48.691 S 146°26.030 E 16 Coral cay

Jellyfish season is from November to March each year; sampling was done December to February: 1, 2007-2008; 2, 2008-2009;

3, 2009-2010

Island, a granite island and, the Rocky Islets) and two
sites per reef. Rocky Islets are a group of reefs at a
similar distance from the mainland as is Lizard Island,
but the reefs rarely emerge at any state of tide and they
are made up of a coral matrix. Similarly, on the Cairns
transect, Green Island (a coral cay) was sampled
mid-shelf to compare with Michaelmas, a largely
submerged reef. In the summer of 2009-2010, a
comparison was also made between Pandora Reef
(Coral cay and mid to low tide) and the granitic islands
of Pelorus and Orpheus (Table 1).

Sampling at mainland beaches and estuaries

Sampling by night light was not done near the
mainland because the waters were very turbid.
Trawling, visual counts, and opportunistic sampling
were used in these waters at all cross-shelf transects.
The beam trawl (1.5 m x 0.5 m mouth, 8-mm mesh)
was towed in very shallow water (<2 m deep) and
deeper waters (3—5 m deep) adjacent to the mainland,
at the entrance of rivers, and 1 km from the rivers
(n = 2 five-minute tows at each depth and location).
The two depths of sampling allowed for variation in
movement of jellyfishes with the tide. We measured
the distance of the trawl with a General Oceanics 2030
flowmeter (200-250 m® filtered per tow). Visual
estimates and samples are also taken during the trawls
(3-m-wide visual swath x distance of the trawl).
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Sampling was completed between December and
February in the summers of: (1) 2007-2008, (2)
2008-2009, and (3) 2009-2010. The Cairns transect
was not sampled near shore in 2007-2008 due to high
freshwater flows and an abundance of floating logs.

Data on temporal variation in medusa abundance
were collected using trawls and visual sampling from
Townsville in 2008-2009 and 2009-2010 at three sites
separated by 1-2 km at Rowes Bay (19°14.170 S,
146°47.379 E). An additional site was added in
2009-2010, on the Strand (19°14.762 S, 146°48.
802 E); all trawl and visual count procedures were the
same as above. Opportunistic sampling was done on
each occasion that we boated along the edge of beaches
and around the marina and harbor at the entrance to Ross
Creek.

Additional sampling was undertaken at Port Doug-
las, Double Island near Palm Cove, Mission Beach,
Balgal Beach, Townsville beaches, and Magnetic
Island; some of these samples were provided by
SLSA, which samples popular beaches daily between
16°28.394 S, 145°27.468 E and 19°15.638 S,
146°50.934 E. Samples were provided from Keeper
Reef by the MV Kalinda. Verbal records of C. fleckeri
were obtained from Palm Cove in Cairns, Mission
Beach to Cardwell, the Strand in Townsville, and
Magnetic Island. Data were categorized as: early
(October-December), mid (January—February), and
late (March—May) in the summer period.
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Taxonomy

Identification of cubozoans has been problematic
and uncertainty about taxonomic names still exists
(Bentlage et al., 2010). We based identifications on
Gershwin, (2005a, b) and Gershwin & Kingsford
(2008). The majority of specimens were the carybde-
ids C. barnesi Southcott and Copula sivickisi Stiasny
(recently changed from Carybdea sivickisi Stiasny;
Bentlage et al., 2010). Some Carukia spp. were
identified where we were not certain they were
C. barnesi; it is possible they are undescribed taxa.
Carybdea xaymacana Conant was identified accord-
ing to Gershwin (2005b), but this identification has
been questioned as being based on coincidental
evidence (Bentlage et al., 2010); therefore, in this
paper it should be considered a type. The size of
cubozoans was measured as inter-pedalial distances
(IPD).

Rainfall

The relationship between the abundances of jellyfishes
collected near shore and riverine runoff was tested
with a Pearson’s correlation. Data on freshwater
outflow was obtained for major watersheds that drain
onto the shelf adjacent to the areas where the
abundance of C. fleckeri medusae was measured.
River gauging station data were obtained from the
Barron River (Cairns area) and the Tully River
(between Mission Beach and the Herbert River). Data
were expressed in megalitres (Ml); web source from
Department of Environment and Resources Manage-
ment (www.derm.qld.gov.au/watershed).

Treatment of the data

Data were analysed using a mixed model ANOVA;
Distance (treatments: inner, mid, and outer shelf) was
a fixed factor, and latitude (treatments: Lizard, Cairns,
and Palms) and sites (nested in distance) were random
factors. Data were sometimes In(x + 1) transformed,
but if they were still heterogeneous, according to
Cochran’s tests, we proceeded with analyses on
In(x + 1) data as ANOVA is robust to heterogeneity
(Underwood, 1997). Variance components were cal-
culated only for raw data and with fully-nested designs
and random factors (Kingsford, 1998). Because there
are accounts of lunar periodicity in the occurrence of

A. moseri Mayer medusae in Hawaii, we used a
pattern-seeking approach with all cross-shelf data by
plotting the abundance of Carukia spp. by phase of the
lunar month (i.e., days 1-30; full moon on day 15).
Catches of jellyfish from Double Island (part of the
temporal study) were also compared with lunar phase.

Results
Abundance cross-shelf

A total of 208 cubozoans were collected during the
first hour of sampling at sites and cross-shelf sampling
programs over the three summer seasons December
2007 to February 2010; an additional 55 specimens
were collected within the second hour (Table 2).
The species breakdown was as follows (first hour
sampling only): C. barnesi (76), Carukia other (6),
and C. sivickisi (125); also see Table 2.

Catches of Carukia spp. were low in 2008-2009 and
2009-2010 compared to 2007-2008. In 2007-2008 we
collected 69 C. barnesi (three cruises combined)in 1 h
counts and an additional 43 specimens were collected.
In 2008-2009, we collected four C. barnesi (three
cruises combined) in 1 h counts and no additional
specimens. Similarly in 2009-2010 we collected two
C. barnesi (all transects combined); an additional four
specimens were obtained that were not collectedin 1 h
counts (Fig. 2) and six C. barnesi were all caught at
additional sites in the islands versus reefs design.

Table 2 Total numbers of cubozoan medusae collected in
three cross-shelf transects in northeastern Australia during
three summers from 2007 to 2010, distance strata (mainland,
inner, mid, and outer shelf) are progressively further offshore
(Table 1)

Taxa\distance Mainland Inner Mid Outer
C. xaymacana 2 0 0 0
C. barnesi 0 15 108 0
Other carybdeids 0 9 0 0
Alatina sp. 0 ) 0
C. sivickisi 0 (45) 129 0
C. fleckeri (255) 0 0 0

Data from sampling with night lights (1 h of sampling and
additional sampling after the first hour) and trawls (only near
the mainland). Numbers in brackets refer to incidental counts
(e.g., Surf Life Saving and other sources)
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Fig. 2 Total abundance of Carukia spp. medusae (most were
C. barnesi) collected in cross-shelf transects in northeastern
Australia during three summers from 2007 to 2010. All counts
were done with night lighting. Data were pooled by position on
shelf within transects

Although no irukandji jellyfishes were found off-
shore at any latitude or in any summer, cross-shelf
patterns varied by latitude. When C. barnesi medusae
were abundant in 2007-2008, variation across the shelf
resulted in a significant latitude x distance interaction
(Table 3). This was largely because no jellyfish were
found in the Palm Island transect and high abundance
only occurred mid-shelf on the Lizard Island transect.

Great differences were found among sites within
distance strata (Fig. 3). For example, at Lizard Island
(mid-shelf), means of 14.5 C. barnesi occurred at one
site and 3.5 at the other. Forty-one percent of variation in
abundance was explained by variation at the level of site.
This suggested that C. barnesi populations may be very
localised at small spatial scales such as within bays; the
greatest variation was found among replicates (51%).

Carukia spp. collected in the cross-shelf study
ranged from 3 to 18 mm in IPDs (mean 8.5 mm). The
majority of these jellyfish were collected at Lizard
Island (95.3%) and the great variation in size sug-
gested that the medusae had been released from polyps
over many nights, rather than in a distinct pulse.

Other cubozoans were collected in the three summers
and all were collected from the mainland to mid-shelf
reefs (Table 2). Irukandji jellyfishes other than C. barnesi
were as follows: Two C. xaymacana were caught in
trawls on beaches near Cooktown. Two Alatina sp. were
collected from a charter boat at a mid-shelf reef (Keeper)
near the Palms transect, November 2009.

Copula sivickisi is a carybdeid cubozoan that has a
mild sting that does not result in “Irukandji syn-
drome”. A total of 125 C. sivickisi were collected, 34 in
2007-2008 and 90 in 2008-2009, and 1 in 2009-2010.
All were collected at mid-shelf reefs, Lizard Island,
and Green Island. Casual counts with lights at Mag-
netic Island (Inner) also detected C. sivickisi in shallow
water (Table 3). Although no C. fleckeri were collected
around lights, many were found near the mainland in
shallow water during the 3-year study.

Table 3 ANOVA,

C. barnesi, Ln(x + 1) Factor Source of variation df MS F Denom P
transformed R Latitude 2 2.556 0.55 Site (L x D) NS

F Distance 2 1.833 0.86 LxD NS
F fixed, R Random, Denom LxD 4 2.144 4.15 Site (L x D) *
denominator mean square R Site (L x D) 9 0517 4.64 Residual o
P <00L* P <005 Residual 18 0.112

NS not significant
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Fig. 3 Mean abundance of Carukia spp. medusae (most were
C. barnesi) collected in the Lizard Island cross-shelf transect at
inner, mid, and outer shelf locations in northeastern Australia in
2007, All counts were done with night lighting. Variance
components from nested ANOVA: distance 7.8%, df = 2,
MS = 341.58; site (distance) 41.1%, df = 3, MS = 252.41;
residual 51.1, df = 6, MS = 96.75. df degrees of freedom, MS
mean square

There was no evidence for lunar periodicity in the
abundances of Carukia spp. and C. sivickisi (Fig. 4).
Relatively high abundances of Carukia spp. and
C. sivickisi were found at more than one phase of the
lunar cycle.

Where physical data were available and Carukia
spp. were collected, they were found in waters with
salinity ranging from 31.6 to 35.1 and temperatures of
28.1-30.0°C. With the exception of Fitzroy Island in
2009, where the water column was relatively fresh at
the surface, the water columns were generally well
mixed between top and bottom.

Does the presence of islands influence
the abundance of cubozoans?

All carybdeid jellyfishes were collected near islands
(Low Wooded Isle—Inner 1, Three Islands—Inner 2,
Fitzroy Island—Inner, Lizard Island-mid) in the cross-
shelf transects during the study, with the greatest
numbers collected near granite islands (e.g., Lizard
Island). Few C. barnesi were collected in 2008-2009
(one at Lizard Island) and 2009-2010 (one at Lizard
Island, four at Pandora Reef (Inner, Palm Island
Group). Pandora is not a granite-based reef, but it
emerges at low tide and probably should be considered
to be geologically similar to Three Islands (Inner,
Lizard Transect), where we also collected carybdeids.
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Fig. 4 Lunar patterns for Carukia spp. and C. sivickisi medusae
totaled for all three summers in 2007-2010 for inner and mid
shelf reefs in northeastern Australia (1 h fishing at each
sampling)

Multiple C. sivickisi medusae were collected for the
paired comparisons. The relationship with the pres-
ence of islands was a clear; 90 were collected at
islands and only one at reefs without islands (at Rocky
Islets B; Fig. 5). There was great variation between
replicates.

Temporal variation of C. barnesi

There was great temporal variation in abundance of
Carukia spp. caught at Mermaid Bay, Lizard Island
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Fig. 5 Abundance of C. sivickisi medusae near islands and at
mostly-immersed coral reefs in northeastern Australia

over four seasons; however, there was always a high
probability of collecting Carukia spp. there. Even with
this variation, differences among years, as described
earlier (i.e., highest abundance in (2006-2008)), were
robust (Table 4). Temporal variation in abundance also
was great at Double Island (<1 km from the mainland);
nevertheless, nine sampling days showed that the

probability of detecting Carukia spp. was high regard-
less of year. We compared catches at Double Island (by
day, n = 19) by lunar day (i.e., 1-30) and found no
patterns, which concurred with the broad-scale study.

Sampling near the mainland

Few cubozoans were found in trawls and transects
near the mainland. We collected only two C. xaymacana
near Cooktown (Lizard Island Transect) and one
C. fleckeri in transects over three summers; however,
255 C. fleckeri were observed or collected near the
mainland (Table 2). Pooled data from near-shore sur-
veys, our casual observations, some trained observers,
and information from SLSA showed that the most
C. fleckeri were collected between October and Decem-
ber in the summers of 2007-2008 and 2008-2009.
Between 10 and just over 100 individuals were found in
locations including Trinity Beach, Cairns, Hinchinbrook
Channel near Cardwell, Townsville, and Magnetic Island
then.

Chironex fleckeri was rare in January to February in
the first two summers and absent from March to May.
In contrast, C. fleckeri were sparse from October 2009
to May 2010, but a few medusae were seen early, mid,
and late in the season. In all years, medusae were
found in shallow water, usually 0.5-5 m deep and
within 100 m of shore. An exception to this was near
Townsville, C. fleckeri were found near the mainland

Table 4 Temporal variation in abundance of C. barnesi medusae for 1 h of fishing with a 1,000 W light (n samples) at two island

locations
Season Mermaid Bay Double Island
Date Mean (range) n Date Mean (range) n
2006-2007 18 Dec 2006 391
19 Dec 2006 14 (13-15) 2
20 Dec 2006 18 (9-27) 2
2007-2008 6 Dec 2007 0.3 (0-1)2 20 Oct 2007 1(-)1
11 Dec 2007 30 (13-47) 4 12-17 Dec 2007 252-3)2
3 Jan 2008 501
2008-2009 4 Dec 2008 0(-)2 12-28 Nov 2008 0(-)2
13 Dec 2008 0(-)2 7-19 Dec 2008 1.7 (04) 3
2-6 Jan 2009 0(-2
2009-2010 16 Dec 2009 0(-)2 26-30 Dec 2009 9(0-24)5
21 Apr 2010 0(-)2 2-6 Jan 2010 7.7 (1-20) 3
25 Apr 2010 0(-)2 6 Feb 2010 141

Mermaid Bay data are by day, Double Island data are individual replicates collected over 3—4 days within a month
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in shallow waters, but they were also found at
Magnetic Island (about 10 km from the mainland)
where they appear to have colonized near-shore waters
(19°06.921, 146°51.698). However, waters separating
the island from the mainland are less than 5 m deep.
Jellyfish were found in estuaries and marinas (e.g.,
Port Douglas, Hinchinbrook Island, and Townsville)
and on beaches that were exposed to the sea (e.g.,
Townsville). At all locations temporal persistence of
C. fleckeri was low.

The influence of riverine flow on C. fleckeri
abundance

Chironex fleckeri was not observed when freshwater
outflows were high in mid- to late-summer, in years
one and two (Fig. 6). River flow varied greatly among
rivers and years. Flow was low in all years near the
Cairns transect (Tully River) and was lowest early in
the season in all rivers. The correlation between
riverine runoff and abundance of C. fleckeri was not
significant (Fig. 6), probably because jellyfish mostly
disappeared after the first period of sustained heavy
rain. Year three had the lowest flows in all rivers and
some C. fleckeri medusae were found in early-, mid-,
and late-summer.

Discussion

There was great variation in abundance patterns of
cubozoan medusae cross-shelf. C. fleckeri medusae
were restricted to near-shore waters, estuarine areas,
and mainland beaches. All other cubozoans, the
irukandji species (C. barnesi, C. xaymacana, Alatina
sp.) and the relatively innocuous C. sivickisi were
found near the mainland and/or at inner and mid-shelf
reefs. Variation in cross-shelf patterns have been
found for some scyphomedusan jellyfish species
(Lynam et al., 2005), but there were no previous data
for cubozoans.

It was possible that we failed to detect some
jellyfish because of the sampling design. The abun-
dance of A. moseri medusae are most abundant on
beaches of Hawaii 9-13 days after the full moon
(Thomas et al., 2001). Alatina sp. medusae were found
during the study, but none were collected in lights at
outer reefs despite multiple samples being collected
after the full moon. There are anecdotal accounts of
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Fig. 6 Abundance of C. fleckeri medusae in northeastern
Australia during three summers (open circles 2007-2008; solid
squares 2008-2009; diamonds 2009-2010). Data were pooled
by area for early, mid, and last within summers. Riverine flow in
ML is provided for the rivers adjacent to areas were jellyfish
were observed (locations and latitudinal range for the area
affected by each river); Barron River (Cairns Regions;
16°13'522 E, 145°28.309 S to 16°57.664 E, 145°50.544 S);
Tully River (Mission Beach and Hinchinbrook channel;
17°51.133 S, 146°08.071 E to 18°17.041 E, 146°03.051 S);
Bole and Haughton rivers (Balgal Beach to Townsville/
Magnetic Island; 19°01.354 S, 146°24.938 E to 19°15.638 S,
146°50.934 E)

lunar pulses of Alatina near reefs of the Coral Sea.
However, it is likely that their spatial distribution is
very patchy, even given possible lunar periodicity. We
found no evidence of lunar periodicity in C. barnesi or
C. sivickisi.

The greatest numbers of C. barnesi were found near
granite islands. Although orthogonal comparisons
near and away from granite islands were inconclusive,
the probability that Carukia spp. would be collected
was much greater at granite islands. We also received
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photographs, each with as many as eight carybdeids,
from a site (by Macona Inlet, 20°148.21 S and
148°55.47 E) near the granitic Hayman Island, the
Whitsundays (Inner); 2 Feb 2010. There was also
strong evidence that C. sivickisi were most abundant
around islands. Possible explanations for an island
effect include: (1) there is more suitable habitat for
polyps, (2) oceanographic and wind effects around
islands facilitate retention (Wolanski et al., 1984),
and (3) for C. sivickisi, Sargassum spp., which is
the preferred substratum for the jellyfish polyps
(Hartwick, 1991a) is abundant. Even near islands,
aggregations of Carukia spp. were rare. The highest
concentrations, and a broad size range of individuals,
were found only at a few sites, such as Mermaid Bay.
This suggested that populations are highly localized
due to local retention and supply of medusae. High
variance between sites was common and great differ-
ences were found among replicates, which is typical
for jellyfishes (Pitt & Kingsford, 2000).

There was strong evidence that freshwater flow
influenced the abundance of C. fleckeri medusae,
primarily during the wet season on north Queensland
(December—April). In the first two summers, most
C. fleckeri were collected early (November—Decem-
ber) and few were found as the runoff of freshwater
increased from January to April. Relatively high
abundance in January at the Barron River was found
just before the heavy rain fall starting about 10 January
2009. Although river runoff and time within a season
are confounded, more C. fleckeri were found mid- and
late-season when the lowest flows occurred in the final
season (2009-2010). To clarify this issue, experiments
are required to test the affects of salinity on different
life history stages.

It well known that changes in salinity can trigger
the production of jellyfish from polyps in and influ-
ence the survival of scyphozoan medusa (reviews:
Kingsford et al., 2000; Purcell et al., 2007). Although
the paradigm for the cubozoan C. fleckeri is that the
release of medusae is triggered by an input of
freshwater (Hartwick, 1991b), and it has been assumed
that the source of medusae is in estuaries, our data
also suggest that there is a lower limit for salinity.
This concurs with occasional observations of dead
C. fleckeri on beaches after periods of strong river
runoff. We suggest, therefore, that seasons of high
rainfall may be a high risk to C. fleckeri populations.
Due to global climate change, the frequency and

@ Springer

intensity of cyclones is predicted to increase in north
Queensland (Lough, 2008). Although experimental
testing of critical salinities is required, we suggest that
increased rainfall may have a negative affect on C.
fleckeri populations. It is also likely that the affects of
climate change will vary by species and region; both
positive and negative effects on population sizes
probably will be found (Lynam et al., 2005).

In conclusion, our data on cubozoan distributions
and abundances tested hypotheses about the possible
effects of distance from shore and the influence of
islands. There were clear cross-shelf patterns in the
abundance of cubozoans. The risk of envenomation to
humans was greatest from the mainland to mid-shelf
reefs, and especially around granite islands. There was
no evidence for lunar-related variation in abundance,
but physical forcing by freshwater input apparently
had a strong influence on the abundance of C. fleckeri.
This, combined with its near-shore distribution,
suggests strong possibilities for biophysical modeling.
The greatest challenge for reliable long-term data on
cubozoan medusae is the extreme variation in their
spatial and temporal distributions.
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