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Abstract We report on the Wrst record of interstitial
cnidarians in sea ice. Ice core samples were collected dur-
ing eight Weld periods between February 2003 and June
2006 in the coastal fast ice oV Barrow, Alaska (71°N,
156°W) at four locations. A total of 194 solitary, small
(0.2–1.1 mm) elongated specimens of a previously
unknown interstitial hydroid taxon were found. By cnidome
composition and the occurrence of a highly retractable
pedal disc formed by epidermal tissue only, the specimens
are tentatively assigned to representatives of the family
Protohydridae, subclass Anthomedusae. The hydroids were
found almost exclusively in the bottom 10 cm-layer (at the
ice–water interface) of 118 ice cores, with abundances
ranging from 0 to 27 individuals per core section (0–
4,244 ind m¡2) and a grand mean of 269 ind m¡2 in bot-
tom 10 cm-layer sections. Abundances were lower in
December and late May than in months in between with
considerable site variability. A factor analysis using 12
variables showed that hydroid abundance correlated highest
with abundances of copepod nauplii and polychaete juve-
niles suggesting a trophic relationship.

Keywords Arctic · Hydroid · Cnidaria · Sea ice · 
Abundance

Introduction

The 3D brine pocket and channel system in sea ice (Weiss-
enberger et al. 1992) provides a habitat for a multitude of
unicellular and multicellular organisms (Carey 1992; Gra-
dinger 2002). These interconnected channels and pockets
have previously been called an upside-down-benthos
(Mohr and Tibbs 1963 in Carey 1985), because of their
similarity to the 3D structure of the interstitial spaces
within sandy sediments. Vertical environmental gradients
can be dramatic within both the sea ice and the sediment
interstitial systems, although they are partly of a diVerent
nature. Within sea ice, practical salinity increases from near
sea water salinity at the water–ice interface to over 200 in
winter sea ice near the ice–snow interface as ice tempera-
tures can drop from near freezing at the sea ice–water inter-
face to less than ¡20°C in winter sea ice near the ice–snow
interface (Junge et al. 2003; Gradinger and Bluhm 2005).
Inhabitable brine volume increases with increasing temper-
ature and sea ice bulk salinities and can reach values above
20% of the overall ice volume in the bottom 10 cm of the
sea ice (Eicken 2003). Within the sediment, biochemical
gradients driven by slow pore water exchange can be very
steep, e.g., for pH, oxygen and/or hydrogen sulWde (Vana-
verbeke et al. 1997), and interstitial space is mainly a func-
tion of vertical and horizontal grain size distribution
(Gayraud and Philippe 2003). Both systems have strong
vertical gradients in organic matter and algal pigment con-
centrations with generally higher values at the water–sub-
strate interface than in the ice/sediment interior (Gradinger
1999a; Schewe 2001).

The physical habitat similarities between the brine chan-
nel system and the sediment interstitial are likely responsi-
ble for a range of meiofaunal taxa that are common in the
two systems, but uncommon in the water column in
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between. This is true for nearshore fast ice and coastal sedi-
ments (Feder and Paul 1980; Carey 1992) as well as
oVshore pack ice and shelf or deep-sea sediments (Schewe
2001; Gradinger et al. 2005). Taxa common in both sys-
tems in the Arctic include nematodes, harpacticoid cope-
pods, and turbellarians (Pfannkuche and Thiel 1987;
Schewe 2001; Gradinger et al. 2005; Schuenemann and
Werner 2005). This study reports on another taxon to be
added to the list of shared fauna: hydroids (Hydrozoa,
Cnidaria), previously unrecorded from Arctic and Antarctic
sea ice to the best of our knowledge.

Less than 50 meiobenthic cnidarian species have been
described from around the world’s benthic sediments with
most of them characterized by a reduction of diagnostic fea-
tures and a small set of taxonomic characters for species
identiWcation (Giere 1993). Most of these cnidarians belong
to the Hydrozoa, but Scyphozoa, Anthozoa and Cubozoa are
also represented (Thiel 1988). Early studies recorded meio-
benthic cnidaria predominantly in shallow waters (2–60 m;
summarized in Bozhenova et al. 1989) and relatively coarse
sediments (Thiel 1988), but recent records also documented
the distribution in the deep sea (Sommer and Pfannkuche
2000; Schewe 2001) which tends to be dominated by Wner
sediments (Lampitt et al. 1986). Interstitial cnidarians are
now known to be widely distributed with distribution records
from, e.g., the Baltic and North Seas (Remane 1927; Salvini-
Plawen 1987), the south Atlantic (Bouillon and Grohmann
1990) and the North PaciWc (Feder and Paul 1980; Noren-
burg and Morse 1983). Published records of hydroids from
Arctic sediments include the White Sea (Bozhenova et al.
1989), the central Arctic Ocean (Schewe 2001) and the
northern Barents Sea shelf (Pfannkuche and Thiel 1987). The
few studies investigating the role of meiobenthic hydroids in
sediments suggest they are predators of other meiofaunal
organisms such as copepods and nematodes and are, hence,
high up in the food web (Schultz 1950a, b; Heip 1971).

This article describes the Wrst record of cnidarians,
namely solitary hydrozoans, in sea ice, observed in Arctic
coastal fast ice oV Barrow, Alaska. The observation is dis-
cussed with regard to comparisons between the sea ice
brine channel and sediment interstitial habitats.

Methods

Study area

Samples were collected during eight Weld trips to Barrow,
Alaska: 12–17 February, 1–5 April and 27–30 May 2003;
7–12 December 2005; 30 January–4 February, 13–18
March, 21–26 April and 27 May–1 June 2006. During each
of the 2003 trips, two study sites were sampled (Fig. 1):
Site “BASC” was located in the Chukchi Sea just oV the

Barrow Arctic Science Consortium facilities (71°19�N,
156°41�W) and site “Beaufort” was located just past
Barrow Point in the Beaufort Sea (71°22�N, 156°24�W).
During the December 2005–June 2006 Weld periods, three
study sites were sampled during each trip (Fig. 1): site
“BASC” (sea above); site “Hanger”, which was situated a
few miles further northeast in the Chukchi Sea (71°20�N,
156°39�W); site “Elson” was located at 71°21�N,
156°28�W in shallow Elson Lagoon. Water depth at these
sites ranged from 2.0 to 6.3 m. All sites were <0.5 miles
oVshore. The sampling periods covered almost the com-
plete seasonal ice cycle from the time of early sea ice for-
mation (December), intense ice growth (January–March),
onset of the ice algal bloom (March), maximum ice algal
biomass (April/May) to onset of ice melt (late May, June).

Field sampling

For faunal counts, at least three replicate ice core bottom
sections (0–10 cm from ice–water interface) per site and
sampling period were collected with a Kovacs-type ice
auger (9 cm diameter). Additionally in 2005 and 2006,
one complete core per site and sampling period was col-
lected. A total of 118 cores were studied for hydroid abun-
dance of which 15 were studied over the entire ice
thickness. Densities are provided as the number of speci-
mens per individual melted segment (10 cm segment thick
and 9 cm in diameter) and, for comparability with other
studies, were also calculated per 10 cm2 and 1 m2 surface
area for a 10 cm layer. Additional parameters were deter-
mined as part of a broader study and, in the context of this
work, were used to identify potential factors related to
hydroid abundance. For algal pigment and particulate
organic nitrogen (PON) and particulate organic carbon

Fig. 1 Map of the study area near Barrow, Alaska, with the four sam-
pling sites marked

ElsonHanger

Beaufort
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(POC) concentration measurements,  a second set of
cores with at least three replicates for the bottom 10 cm
sections was collected at the same sites during the same
periods using the same sampling scheme. Ice temperature
of one ice core per site was measured in 10 cm intervals
over the entire ice thickness with a Traceable thermome-
ter immediately after coring. Bulk salinity was measured
on melted core sections with a YSI 85 sensor and is
reported as Practical Salinity.

Sample processing

For faunal studies, segments were melted in the dark with
the addition of 1 l of 0.2 �m-Wltered seawater per 10 cm
segment to avoid osmotic stress for the biota (Garrison and
Buck 1986). Melted samples were concentrated over 20 �m
gauze and hydroids and other meiofauna were counted
alive with Wild MZ3 and Leica MZ12 dissecting scopes at
10–100£ magniWcation. Hydroids and other meiofauna
were subsequently Wxed with 1% buVered formaldehyde–
seawater solution (Wnal concentration) and hydroids were
shipped to the lab at the University of Salento (Lecce, Italy)
for morphological study using dissecting and compound
microscopes. Hydroid size measurements (n = 40) were
conducted with Image-J software from digital images taken
with a Canon Rebel camera attached to a Zeiss inverted
compound microscope and 10–40£ objective lenses.

Chlorophyll and POC/PON cores were melted in the
dark and sub-samples were Wltered onto GF/F Wlters which
were stored at ¡18°C (Arar and Collins 1992) and shipped
to the lab in Fairbanks. For Chl a determination, Wlters were
extracted with 7 ml of 90% (v:v) acetone for 24 h in the
dark at ¡18°C (Karl et al. 1990). Chl a concentration was
determined with a Turner TD-700 Xuorometer (Arar and
Collins 1992). POC and PON concentrations were mea-
sured with a Costech elemental analyzer connected to a
Thermo Finnigan Delta Plus isotope radio mass-spectrome-
ter at the Alaska Stable Isotope Facility.

Data analysis

To identify potential correlations of hydroid abundance
with physical and biological variables, we conducted a fac-
tor analysis using ©Systat software (version 11) with Equi-
max rotation mode in which the number of variables that
load highly on a factor and the number of factors needed to
explain a variable are minimized. Variables used in the fac-
tor analysis included: Chl a, POC and PON concentrations
and C/N ratio of ice organic matter; temperature and bulk
salinity of the sea ice; and abundances of six ice meiofauna
taxa (hydroids, turbellarians, nematodes, nauplii, poly-
chaete larvae/juveniles and copepods). All values used

were from 0 to 10 cm bottom sections only, where the over-
whelming majority of hydroids occurred.

Results

A total of 194 hydroid specimens were found in 33.9% of
the investigated bottom sections (and in 20.8% of all investi-
gated sections). Around 97.9% of the specimens occurred in
the bottom 10 cm of the cores. Abundances in individual
cores ranged from 0 to 27 individuals (ind) per 10 cm core
section (0–4,244 ind m¡2). Mean abundances per site and
sampling period ranged from 0 to 2,012 (SD = 1,553) ind
m¡2 with a grand mean of 269 (SD = 630) ind m¡2 (in bot-

toms sections). Overall, abundance was lowest early and late
in the season (December and late May) and highest in Janu-
ary/February–April with maximum values occurring at the
BASC site in both 2003 and 2006. Variability between repli-
cate cores, sites and sampling periods was large (Fig. 2).

The hydroid collected is a solitary, naked polyp, with
three to four oral tentacles. It is almost spherical when con-
tracted and tubular when relaxed, nearly doubling the body
length by means of a highly extensible aboral side, forming a
tubular foot-like structure made by epidermal tissue only
(Fig. 3). Body shrinkage is accomplished by the inward fold-
ing of a hollow column of epidermal cells from the aboral
end of the polyp towards the oral side. Body length ranged
from 207 to 1,141 �m with a mean of 411 �m (SD 160 �m);
body width ranged from 69 to 433 �m with a mean of 215
(SD 79 �m); tentacle length ranged from 54 to 252 �m with
a mean of 121 �m (SD 46 �m). Part of the variability was
explained by the variable degree of contraction. The tenta-
cles, the foot-like structure, and the cnidocyst types (steno-
teles, macrobasic mastigophores, desmonemes) and
distribution label this taxon as a new hydroid species which
we preliminarily assign here to the class Hydroidomedusa,
subclass Anthomedusae, order Capitata, family Protohydri-
dae. Detailed morphological and taxonomic description will
appear elsewhere (Piraino et al. in preperation).

The factor analysis identiWed three factors with eigen-
values >1. After rotation, factors 1–3 explained 34.5,
23.6, and 15.5%, respectively (sum 73.6%), of the total
variance. Based on the factor loading matrix (Table 1),
factor 1 represented correlations >0.5 between Chl a,
POC, and PON concentrations, sea ice temperature and
nematode abundances; abundances of hydroids, nauplii,
and polychaete larvae/juveniles loaded highest on
factor 2; factor 3 had an inverse relationship between C/N
ratios and turbellarian and copepod densities as well as
bulk salinity. The range of values at which hydroids
occurred did not greatly diVer from the total range mea-
sured for any variable (Table 1).
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Discussion

To our knowledge, this study reports on the Wrst Wnding of
hydroids in sea ice, speciWcally in Arctic coastal fast ice oV
Barrow, Alaska. Despite a considerable volume of publica-
tions on Arctic sea ice meiofauna (for reviews see, e.g.,
Carey 1985; Melnikov 1997; Gradinger 1999b) records on
cnidarians in sea ice have not previously been published.
The underlying reasons are likely several. First, a large
fraction of sea ice meiofauna studies is based on the analy-
sis of preserved and/or directly melted samples (for details
see, e.g., Gradinger 1999b), in which several meiofaunal
taxa are known to preserve poorly, e.g., ciliates (Karayanni
2004) and cnidarians (Thiel 1988). Hence, cnidarians,
which may have been collected previously from sea ice,
may have remained unrecognized. Secondly, the cnidarians

observed in this study were small (on average 400 �m) rel-
ative to the more common turbellarians and nematodes etc.,
and furthermore were very slow moving, not very numer-
ous relative to other more common taxa, nearly transparent
and inconspicuous in color. Lastly, most sea ice studies
which focused on meiofauna (as well as other meiobenthos
studies) only mention common higher taxonomic groups
and cluster rarer taxa into an “other” category (e.g., Nozais
et al. 2001; Gradinger et al. 2005) rather than listing indi-
vidual rare phyla or orders. Hence, even if cnidarians were
found, they were not reported as such.

Published abundances of meiobenthic hydroid densities
are also scarce (Table 2), but overall low densities are sug-
gested, with some variability between and within loca-
tions. Sea ice hydroid densities in this study were similar
to densities found in sediments of the deep Arabian Sea, on

Fig. 2 Abundance of sea ice hy-
droids in Arctic coastal fast ice 
oV Barrow, Alaska during eight 
sampling periods (2003 and 
2005/2006) at a total of four 
sites. N = 3–8 ice cores per sam-
pling period and site. Means and 
standard deviations (error bars) 
are given per m2 for a 10 cm 
thick ice–water interface layer
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the Antarctic shelf, in the Barents Sea, in the Håkon
Mosby Mud Volcano, and in the shallow brackish Medi-
terranean Sea, while they were more than an order of mag-
nitude lower than densities found in intertidal sediments in
the Gulf of Alaska (Table 2). A second group of meioben-
thic studies mention the occurrence of cnidarians or
hydroids, but report their abundance clustered together
within the “other” group, suggesting low hydroid abun-
dances relative to the other meiobenthic taxa such as nem-
atodes and copepods (Pfannkuche and Thiel 1987; Schewe
2001). The relative contribution of hydroids to total ben-
thic meiofauna abundance (0.01–0.25% for studies refer-
enced in Table 2) overlaps with reported values of hydroid
abundance relative to total sea ice meiofauna abundance
(0.01–>5%), with an order of magnitude higher contribu-
tions in individual ice core sections that had low abun-
dances of other fauna.

We suggest that the overall low abundances of hydroids
in sea ice and benthic sediments were likely related to the
typically predatory feeding mode of hydroids. Prey items of
meiobenthic hydroids included a wide range of other meio-
benthic fauna such as nematodes, copepods, ostracods,
gastrotrichs, oligochaetes (Schulz 1950a) as well as copepod
nauplii (Schultz 1950b). A common interstitial hydroid of
the North European coastal benthic community, Protohydra
leuckarti, for example is known to heavily prey on harpac-
ticoid copepods and nematodes (Heip 1971; Heip and Smol
1976). The ratio between hydroid abundances and the other
meiofauna taxa suggests that the ice hydroid may exert a
comparably heavy predatory impact within its sympagic
community as Protohydra leuckarti. Hydroid stomach con-
tents were not identiWed in this study, but the prey spectrum
available included turbellarians, harpacticoid and cyclopid
copepods, nematodes, polychaete larvae, and copepod nauplii

Table 1 Rotated loading matrix for factor analysis to identify driving factors for hydroid abundance in Arctic fast ice oV Barrow

Loadings above 0.5 are marked in bold print. For all variables, the total range measured in sea ice bottom sections during eight Weld periods and
the range at which hydroids occurred are given as means of three or four replicates. Underlined are diVerences between the total range of values
measured and the range at which hydroids occurred

Variable Factor 1 Factor 2 Factor 3 Total range Range with hydroids 

Chlorophyll a concentration (g/l) 0.979 0.112 0.009 0.4–329.3 0.3–329.3

Temperature bottom ice (°C) 0.546 0.250 ¡0.164 ¡5.4 to ¡1.3 ¡5.4 to ¡1.3

Bulk salinity bottom ice ¡0.258 ¡0.391 0.539 5.2–8.6 6.1–8.6

PON concentration (�g/l) 0.955 0.189 0.173 210.7–15,240.9 210.7–15,240.9

POC concentration (�g/l) 0.972 0.042 0.082 29.9–1,659.5 29.9–1,659.5

C/N ratio 0.048 ¡0.344 ¡0.549 5.7–19.2 5.7–19.2

Hydrozoa abundance (ind m¡2) ¡0.017 0.795 0.294 0–2,012.0 n/a

Turbellaria abundance (ind m¡2) 0.057 0.160 0.644 52.4–57,426.8 122.3–26,879.5

Nematoda abundance (ind m¡2) 0.942 ¡0.055 ¡0.107 53.2–23,327.9 53.2–23,327.9

Nauplii abundance (ind m¡2) 0.231 0.920 0.118 384.2–24,327.4 412.6–24,327.4

Polychaeta abundance (ind m¡2) 0.093 0.968 0.008 26.2–136,694.4 35.6–136,694.4

Copepoda abundance (ind m¡2) 0.086 0.044 0.825 0–39,349.9 0–39,349.9

Table 2 Abundances of cnidarians in seaXoor sediments compared to those in Arctic coastal fast ice oV Barrow, Alaska

Study area Taxon Abundance 
(ind 10 cm¡2) (SD)

Water 
depth (m)

Reference

Chukchi & Beaufort Seas Hydrozoa (Protohydridae) 0–4.2, grand mean 0.3 (0.6) 2–6 This study (sea ice)

Håkon Mosby Mud Vulcano Hydrozoa 0.5 (0.7) 1,280 van Gaever et al. (2006)

Barents Sea shelf, Nansen Basin “Other” incl. hydrozoa 1–3.8 (1–10) 226–3,920 Pfannkuche and Thiel (1987)

Central Arctic “Other” incl. hydrozoa 1–14 1,270–3,170 Schewe (2001)

Gulf of Alaska Protohydra sp. 10.4 (16.9) site 
1 6.7 (7.2) site 2 

Intertidal Feder and Paul (1980)

Weddell Sea Hydrozoa 1 (1) 255–298 Lee et al. (2001)

Baltic Sea Coelenterata 1.6 0–6 Arlt (1973)

Arabian Sea Hydrozoa 0–0.5 (1.1) 3,158–4,414 Sommer and Pfannkuche (2000)

North Adriatic Sea 
(brackish basin)

Hydrozoa 0.74 (1.5) 1 Pati et al. (1999)
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besides a few rarer taxa (Gradinger and Bluhm 2005 and
unpublished data). Hydroid densities were most closely
correlated with densities of polychaete larvae/juveniles and
copepod nauplii. This relationship suggests a possible
trophic connection, although stomach content analysis is
required for conWrmation. Hydroid abundance was not
strongly correlated with chlorophyll or POC/PON concen-
trations (Table 1) suggesting that hydroids are more inde-
pendent of the ice algal bloom than other sea ice meiofauna
taxa (Grainger and Hsiao 1990).

Increasing hydroid densities from December to January
and February could be related to re-suspension of benthic
sediment and its subsequent incorporation into the growing
ice sheet, a likely mechanism for transporting benthic meio-
fauna into the growing ice sheet. We interpret the decreas-
ing abundance in May and June as a result of the onset of
ice melt, which coincides with a substantial release of
organic matter from the ice into the water column and/or
sea Xoor (Michel et al. 2002; Gradinger and Bluhm 2005).

The living space for ice cnidarians and other ice biota
typically ranges in diameter from 0 to 1.2 mm (Krembs
et al. 2000; Light et al. 2003). At the ice–water interface,
in situ ice temperatures in this study measured ¡1.3 to
¡5.4°C. At these temperatures, about 10–15% of the brine
channels in columnar and granular ice are >200 �m in
diameter (Krembs et al. 2000) and are, therefore, available
to most hydroids, although their Xexible bodies may be able
to penetrate smaller-diameter channels. The extensible
foot-like structure may allow the hydroid to move within
the brine channel as well as within sediments by acting like
a bivalve foot. How basal epidermal cells are stretched out
or condensed in the hydroid column merits further investi-
gation. Like several other ice meiofauna taxa, hydroids
were largely restricted to the bottom layer, likely because
(1) it harbors the highest potential prey density (Horner
1985; Gradinger et al. 2005), (2) environmental stress is
lowest in terms of temperature and salinity (Table 1), and/
or (3) brine channels are wider than deeper inside the ice.

In conclusion, hydroid cnidarians appear to be a rare, but
possibly regularly occurring component of the Arctic fast
ice meiofauna community, adding a previously ignored
diversity component and potential top predator to the sea
ice-based food web. Similarities in the sea ice and benthic
sediment habitats with regard to the 3D interstitial and the
faunal community composition likely resulted in overall
similar densities, trophic relationships and size ranges of
meiobenthic and sea ice hydroids.
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