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We report unprecedented numbers of juvenile
snake pipefish, Entelurus aequoreus, in continu-
ous plankton records of the Northeastern Atlantic
since 2002. Increased sea surface temperatures
(SSTs) in the Northern Hemisphere, linked to
global warming, are a likely cause. Analysis of a
long-term time-series of SST data in the North-
eastern Atlantic shows a rise in winter, spring and
summer sea temperatures ( January–September),
when the eggs of E. aqueoreus, which are brooded
by the male, are developing and the larvae are
growing in plankton. From what is known of the
reproductive biology of closely related species, we
suggest that the increased abundance of larval
and juvenile E. aequoreus in the plankton as far
west as the Mid-Atlantic Ridge may reflect the
impact of temperature on abundance, through its
effects on the operational sex ratio and potential
reproductive rate, the onset of the breeding
season and juvenile survival in this sex role
reversed fish.
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1. INTRODUCTION
Climate-induced increases in sea surface temperature

(SST) have occurred in the Northeastern Atlantic in
recent years (Hurrell & van Loon 1997) that have
altered the distributions of many fish species (Quero
et al. 1998; Brander et al. 2003). Through its impact on
physiological processes, increased sea temperature is

also likely to affect many other aspects of the biology of
fishes that may also affect their abundance, such as
reproduction, larval survival and recruitment. For
example, within the thermal niche limits of a species,

warmer temperatures may advance the start of the
breeding season (Winters & Wheeler 1996) and,
through the influence of temperature upon growth rate,
shorten the duration of the juvenile stage (Hakala et al.
2003; Martell et al. 2005), which is a period of high

mortality (Leggett & Deblois 1994), thus improving
recruitment (Cushing & Horwood 1994).

Apart from changes in the distribution of fishes,
climate-induced changes have occurred in the commu-
nities of planktonic organisms in the North Atlantic

(Beaugrand et al. 2002). Many of these changes
have been detected using samples collected by the
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continuous plankton recorder (CPR) survey (Batten
et al. 2003), which has sampled the North Atlantic on a
monthly basis since 1931. Here, we report unprece-
dented numbers of juvenile snake pipefishes, Entelurus
aequoreus (figure 1a), in CPR samples from the
Northeastern Atlantic since 2002.

Like other Syngnathidae (seahorses and pipefishes),
male E. aequoreus brood the eggs (Wilson et al. 2003),
which the female lays on a specialised incubation area
on the males abdomen (figure 1a). In the deep snouted
pipefish, Sygnathus typhle, males are unavailable to mate
when brooding, and thus it is the males’ brooding rate
that limits the female potential reproductive rate (PRR;
Ahnesjö 1995). This difference in reproductive rates
between the sexes creates a female-biased operational
sex ratio (OSR) and reverses the sex roles, because
females now compete among each other for access to
mates (Kvarnemo & Ahnesjö 2002). We suggest that
the increased abundance of young E. aequoreus (larvae
and juveniles) in CPR samples may reflect the impact
of warmer sea temperatures on reproduction and
larval survival in this species, and we speculate on the
influence of climate change on sex role dynamics.
2. MATERIAL AND METHODS
(a) Plankton and sea surface temperature data

Northeastern Atlantic plankton samples have been collected over a
75-year period by the CPR, an upper layer plankton sampler towed
behind merchant ships on regular routes. Seawater enters the CPR
through a front aperture and the plankton are retained on a moving
band of silk gauze that is slowly wound into a tank of formalin
(Batten et al. 2003). In the laboratory, the gauze is cut into sections
(a CPR sample), each representing the plankton from 3 m3 of water
taken during 10 nautical miles (18 km) of tow, and up to 450 taxa
are identified and enumerated. Average SST data for the North-
eastern Atlantic from January to September inclusive (figure 2)
were obtained from the HadISST dataset (Met Office, Hadley
Centre for Climate Change and Research) for the intervals
1958–1972 and 2002–2005 inclusive; these represent the periods of
published data on pipefish occurrence in CPR samples (Coombs
1980; this study).

(b) Identification of larval and juvenile pipefishes

in CPR samples

The identities of pipefish larvae and juveniles in CPR samples
collected in 2005 from the Northeastern Atlantic were confirmed
by genetic analysis and comparison to GenBank. Small tissue
samples (approx. 1 mm length) from individual specimens were
placed separately into 180 ml of chelex solution (Instagene Matrix,
Biorad) together with 6 ml of 1 M DTT, 4 ml of proteinase-K
(10 mg mlK1) and 10 ml of 10% SDS and incubated at 558C for
4 h. Each sample was then vortexed briefly and centrifuged at
12 000g for 15 s, heated at 1058C for 10 min in a dry-block heater,
vortexed for 10 s and centrifuged at 12 000g for 3 min. The
supernatant was transferred to a Micropure-EZ centrifugal filter
device (CFD; Millipore Corp.) that was inserted into a Microcon
YM-30 CFD (Millipore Corp.) and the combined unit was
centrifuged at 14 000g for 8 min. After discarding the Micropure-EZ
CFD, the sample retained in the YM-30 was washed three times
with 200 ml of sterile water; the first two washes were centrifuged at
14 000g for 8 min and the final wash was centrifuged at 14 000g for
5 min. The retained DNA was then recovered. All centrifugation
steps were performed at 228C. A partial mtDNA 16S rDNA
gene sequence was amplified from 1 ml of DNA template by PCR
using the mtDNA 16S rDNA gene primers 16sar-L and 16sbr-H
(Palumbi et al. 1991), and sequenced.
3. RESULTS
Monthly plankton samples collected over the past
57 years in the Northeastern Atlantic by the CPR
survey reveal an increase in abundance and extended
presence in the plankton of juvenile pipefishes.
Morphological and genetic analyses indicated that
these were E. aequoreus juveniles (figure 1a). From
q 2006 The Royal Society
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Figure 1. Abundance and spatial distribution of snake
pipefish in CPR samples from the Northeastern Atlantic.
(a) A brooding adult male E. aequoreus (male length up to
40 cm; female length up to 60 cm; image, David Shale,
Ph.D.) with eggs clearly visible on the abdomen and, inset,
a juvenile E. aequoreus sampled by the CPR in 2005 (length
1 cm). The identity of the juvenile pipefishes was confirmed
by genetic analysis (GenBank accession number
DQ437522). (b) The total monthly abundance of plank-
tonic larval and juvenile E. aequoreus in Northeastern
Atlantic CPR samples from 2002 to 2005 in the areas
shown in c. (c) The distribution of planktonic larval and
juvenile E. aequoreus in CPR samples in the Northeastern
Atlantic from 2002 to 2005.
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1958 to 2002, juvenile pipefishes occurred only
occasionally in CPR samples (published data until
1972 (Coombs 1980), thereafter personal obser-
vations). Since 2002, they appear in CPR samples
from February to November (figure 1b). For example,
more larval and juvenile pipefishes were recorded
Biol. Lett. (2006)
from February to July 2005 (figure 1b) than during
the entire period 1958–1972 (during which only 17
individuals were recorded; Coombs 1980, fig. 7a) and
sampling intensity has not changed significantly.
Figure 1c shows the increase in spatial extent of
E. aequoreus larvae and juveniles in CPR samples
since 2002. Only one juvenile was sampled in 2002
from the continental shelf southwest of Ireland,
whereas in 2005 E. aequoreus appeared in CPR samples
as far west as the Mid-Atlantic Ridge. A comparison
of average winter, spring and summer SST in the
Northeastern Atlantic during the periods 1958–1972
and 2002–2005 (figure 2) shows that the average SST
is now up to 0.58C higher in the region of increased
pipefish abundance (figure 1c).
4. DISCUSSION
The snake pipefish, E. aequoreus (figure 1a), is the
most oceanic of the Northeast Atlantic species in the
pipefish family, whose other members are more usually
associated with coastal eelgrass meadows (Vincent
et al. 1995) and, in common with other pipefishes,
E. aequoreus is a batch spawner. The Northeastern
Atlantic distribution of E. aequoreus extends from the
Azores to Iceland (Dawson 1986) and, within this
range, CPR samples indicate that the planktonic larvae
and juveniles of E. aequoreus have increased in abun-
dance over a large spatial area since 2002.

In S. typhle, male egg incubation time is reduced
by 23 days on average by a rise in temperature from
10 to 158C (Ahnesjö 1995) so that at warmer
temperatures, males can breed more frequently. This
decrease in incubation time makes the OSR less
biased towards females, increases the PRR of males
(Clutton-Brock & Vincent 1991), and thereby
decreases the sexual difference in the PRR, and reduces
female–female competition for mates (Ahnesjö et al.
2001). This not only suggests a mechanism through
which warmer SST in the Northeastern Atlantic
might contribute to an increased abundance of
juvenile E. aequoreus in CPR samples, but also
suggests how climate change may putatively have a
direct impact on mating competition and the
dynamics of the sex roles.

Warmer sea temperatures, through their effect
upon growth rates, also shorten the duration of the
vulnerable larval stage of fishes (Hakala et al. 2003;
Martell et al. 2005). If temperature affects larval
pipefishes similarly, warmer conditions will mean they
are exposed to piscivorous fishes and planktivorous
organisms for shorter time. Since mortality through
predation in the plankton is size selective (Anderson
1988), small changes in larval growth rates can have a
large impact upon survivorship and recruitment
(Cushing & Horwood 1994).

In seahorses, warmer conditions also affect the
breeding season by advancing its onset and extending
its length (Foster & Vincent 2004). This could also
contribute to the increased abundance of E. aequoreus
in CPR samples (figure 1b). Conceivably, more off-
spring as a result of changes in the PRR of males,
together with an extended breeding season and
improved juvenile survival, will improve recruitment
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Figure 2. Comparison of Northeastern Atlantic winter ( January to March), spring (April to June) and summer ( July to
September) average SST (8C) for the two periods of published data on larval and juvenile pipefish occurrence in CPR
samples (Coombs 1980; this study). (a) Winter, (b) spring and (c) summer (note different scale).
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and give rise to an increase in the number of
reproducing adults. Therefore, changes in SST in the
Northeastern Atlantic may influence several life-
history stages in E. aequoreus to synergistically
increase the abundance of larval pipefishes in the
plankton year after year.

In our paper, we have only considered the putative
effect of temperature on reproduction and larval survi-
val in E. aequoreus based upon known physiological
effects of temperature in closely related taxa. We cannot
rule out other environmental changes that might also
Biol. Lett. (2006)
influence the abundance of E. aequoreus. For example,
long-term changes in trophic levels (Pinnegar et al.
2002; Steele 2004) might have reduced predation on
juveniles. The importance of temperature on the
abundance of the related Nilsson’s pipefish, Syngnathus
rostellatus, has nevertheless already been noted in the
Thames (Power & Attrill 2003). In that estuary, the
relationship between S. rostellatus abundance and
environmental temperature is nonlinear, decreasing
towards the temperature extremes of 11 and 178C
(Power & Attrill 2003), which presumably reflects the

http://rsbl.royalsocietypublishing.org/
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thermal niche of this species. Consequently, if warmer
SST is responsible for the increased abundance of larval
E. aequoreus that we have observed, their increased
abundance may eventually prove to be a transitory
phenomenon within its present spatial range if North
Atlantic SST continues to rise.
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