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Abstract—The role of deepwater cor-
als and sponges in the life history of fish
species is generally unknown for the
larval stage. In 2017, we deployed an
autonomous plankton pump into deep-
water coral habitat (depths: >50 m) to
examine which species were present and
captured a single rockfish larva. Using
genetic methods, we identified the larva
as a northern rockfish (Sebastes poly-
spinis). The unique capture of a free-
swimming larva with a plankton pump
in this study is the first in situ record
of the use of deepwater coral habitat
by rockfish larvae. Subsequent reex-
amination of coral specimens captured
in bottom-trawl surveys that had been
conducted in the Gulf of Alaska yielded
an additional 10 northern rockfish lar-
vae and a single harlequin rockfish
(S. variegatus) larva lodged in the pol-
yps of 2 species of deepwater coral. The
results of this study improve our knowl-
edge of the early life history of rockfish
species, a taxonomic group that has
limited lifetime dispersal indicated by a
high degree of population structure. The
capture and identification of the larva
also indicate a potential mechanism
for larval retention in the area of their
extrusion and highlight the further
importance of deepwater coral habitat
as essential habitat for rockfish species.
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Deepwater coral and sponge habitats
have been reported to support a higher
diversity and abundance of many
marine fish and invertebrate species
than other non-structured habitats
(Buhl-Mortensen and Mortensen,
2004; Watling et al., 2011). In the
Northeast Pacific Ocean, rockfishes
(Sebastes spp.) are linked to deepwa-
ter (depths: >50 m) corals and sponges
because of their preference for struc-
tured habitats (Rooper et al., 2007).
These studies were conducted almost
exclusively on the juvenile and adult
stages of the life history of rockfishes
and other species, and the role of
deep-sea corals and sponges in the
larval stage of rockfishes is unknown.
Understanding whether rockfish in
early life stages utilize deep-sea coral
and sponge habitats as settlement or
nursery grounds is key to understand-
ing their full life history and to con-
serving essential habitat.

Early juvenile stages of rockfishes
have been found to recruit in higher

densities to structured habitats than
in habitats without structure (Love
et al., 1991; Rooper et al., 2007; Love
et al., 2012), indicating that structured
habitats are used as nurseries by rock-
fish in early life history stages. It has
been observed that, in shallow coral
reef habitats (depths: <560 m), larval
fish migrate vertically downward into
corals to avoid currents, movements
that can prevent larvae from being
carried away and, therefore, can help
them remain in coral habitat (Paris
and Cowen, 2004). Redfish larvae
(Sebastes spp.) have been captured in
close association with sea pens (order
Pennatulacea) by using bottom-trawl
gear (Baillon et al., 2012). Sea pens
may serve a similar purpose as corals
in shallow-water habitats, by retain-
ing larvae in nursery habitats with
seafloor structure. These observations
have led to the hypothesis that rock-
fish in early life history stages recruit
to and are retained in deep-sea coral
habitats that are beneficial to their
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survival. Several factors have led to difficulty in exploring
this hypothesis. First, trawling for samples both destroys
the habitat (Hourigan, 2009; Clark et al., 2016) and inte-
grates catches over large distances, making fine-scale
associations difficult to determine. Second, identification
of the early life stages of rockfishes is difficult prior to
development of distinguishing characteristics (Matarese
et al., 1989; Johansson et al., 2018).

We developed a plankton pump to sample zooplank-
ton and larval fish in deepwater coral habitat in Alaska
(Wilborn et al., 2020). The plankton pump provides a
non-destructive method of sampling that can provide
fine-scale information on habitat associations. The aim
of this study was to explore the potential role of deep-
sea coral habitat in the early life history of rockfishes
in the North Pacific Ocean without damaging the habi-
tat. Genetic techniques solved the second issue of species
identification. The objectives of this note are to report
the first known instance of a single larval rockfish cap-
tured directly from deep-sea coral habitat and to discuss
supplementary evidence from larval rockfish captured
in association with deep-sea corals during bottom-trawl
surveys in the Gulf of Alaska.

Materials and methods

The method used to capture zooplankton and larval fish
from coral and sponge habitats in the Gulf of Alaska is
described in Wilborn et al. (2020). In brief, the plank-
ton pump is an autonomous sampler that was deployed
from a contracted research vessel at depths of 80-105 m.
We deployed the pump 8 times, in areas of known coral
and sponge habitat, as well as in areas without coral
and sponge habitat (5 and 3 deployments, respectively).
It was programmed to sample the seafloor plankton by
drawing water through a 333-um-mesh zooplankton net.
Sampling began after the pump reached the seafloor and
ended after 15 min, with an automated door closure pre-
venting contamination of the sample during retrieval.
The mean volume of water filtered per deployment was
6.32 m® (standard deviation 2.46). Prior to retrieval of
the plankton pump, a series of photographs of the sea-
floor were taken by a camera mounted on the pump to
document the surrounding habitat. The 8 samples were
collected in the western Gulf of Alaska between the Shu-
magin Islands (~158°W) and Samalga Pass (~170°W) in
2017 (further details on this sampling and the organisms
captured can be found in Wilborn et al., 2020). All sam-
ples collected from the plankton pump were individually
extracted and preserved in plastic containers with a 95%
solution of ethanol and glycerol for further analysis in
the laboratory.

To genetically identify the larval rockfish captured in
the plankton pump, a 750-base-pair (bp) region of the mito-
chondrial cytochrome b gene was amplified to identify the
rockfish to species. This method has been used successfully
to discriminate among known species of rockfish (Rocha-
Olivares et al., 1999). For each sampled larva, DNA was

extracted from the caudal fin by using a Q[Aamp' DNA micro
kit (Qiagen Inc., Hilden, Germany) and eluted in 25 pL of
buffer. The mitochondrial DNA fragment of the cytochrome
b gene was amplified through a polymerase chain reaction
cocktail by using primers GluDG (5 TGA CTT GAA RAA
CCA YCG TTG 3) and CB3R (5" ATA TCA TTC TGG CTT
AAT GTG 3’) as described in Rocha-Olivares et al. (1999).
Thermalcycling conditions were 90°C for 2 min, followed
by 36 cycles of 94°C for 50 s, 51°C for 50 s, and 72°C for
50 s. Polymerase chain reaction fragments were visualized
with E-Gel EX Agarose gels (1%; Thermo Fisher Scientific,
Waltham, MA). Polymerase chain reaction products were
cleaned and sequenced in forward and reverse directions at
Molecular Cloning Laboratories in San Francisco, California.
The resulting data were assembled in Sequencher, vers. 5.0
(Gene Codes Corp.,Ann Arbor, MI). High-quality forward and
reverse sequences (with quality scores >40) were aligned to
produce a 655-bp fragment of the mitochondrial cytochrome
b region in Sequencher. Consensus sequences were aligned
in the sequence alignment editor in BioEdit (vers. 7.2; Hall,
1999) to highlight differences, and trimmed sequences were
assigned GenBank accession numbers (Table 1) (GenBank,
available from website).

In addition to analyzing DNA from the single unknown
rockfish larva, for comparison, we sequenced DNA from
adults of 4 species of rockfish known to occur in the region
where the larva was collected (Table 1). The new sequences
of DNA from these adults were cataloged in the University
of Washington Fish Collection (available from website). The
4 species are Pacific ocean perch (Sebastes alutus) (voucher
no. UW151031), dusky rockfish (S. ciliatus) (UW155786),
northern rockfish (S. polyspinis) (UW155787 and UW189442),
and light dusky rockfish (S. variabilis) (UW45510). We also
compared the DNA from the larva to DNA from another
available specimen of northern rockfish (UW113251) for
which DNA had been sequenced during an unrelated study
in the eastern North Pacific Ocean (at 52°34'N, 170°41'W)
in 2004. We expected the unknown rockfish larva to be iden-
tified either through sequences from the 6 samples on hand
or through sequences available in open-access repositories
of genetic data (e.g., GenBank).

Subsequent to the capture of the northern rockfish
larva in 2017, a reexamination of corals collected during
the bottom-trawl survey conducted by the NOAA Alaska
Fisheries Science Center in the Gulf of Alaska in 2017
was undertaken. These coral specimens were collected as
part of routine efforts to collect genetic information on
corals and sponges in the Gulf of Alaska. Additional rock-
fish larvae were found lodged in specimens of 2 species of
coral (a Plumarella superba and a Callogorgia compressa,
Fig. 1). The larvae and corals were collected on 30 May
2017 from the haul of a bottom-trawl tow conducted at a
depth of 136 m in the Gulf of Alaska (52°41'N, 169°32'W).
The DNA from 5 individuals associated with Callogorgia
compressa and from 6 individuals associated with

! Mention of trade names or commercial companies is for identi-
fication purposes only and does not imply endorsement by the
National Marine Fisheries Service, NOAA.
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Table 1

GenBank accession numbers, corresponding University of Washington Fish Col-
lection database (UW) voucher numbers, and species names of individual rockfish
(Sebastes spp.) that had their DNA sequenced for comparison to DNA from the lar-
val rockfish collected as part of this study in 2017 in the Gulf of Alaska. GenBank
accession numbers for an additional 11 larvae were OM141006-OM141016.

Species common name GenBank no.

UW voucher no. Species identified
UW155787 S. polyspinis
UW45510 S. variabilis
UW151031 S. alutus
UW155786 S. ciliatus
UW189442 S. polyspinis

Northern rockfish MH686385
Light dusky rockfish MH686386
Pacific ocean perch MH686387
Dusky rockfish MH686388
Northern rockfish MH686389

Plumarella superba were sequenced by using the same
methods described in a previous paragraph. Species iden-
tification was performed by comparing the resulting
sequences to sequences from this study (Table 1) or to
sequences found in GenBank by using the Basic Local
Alignment Search Tool (BLAST, available from website)
(Johnson et al., 2008) if an exact match did not exist
among sequences provided in Table 1.

Results and discussion

A sample collected with the plankton pump on 8 June
2017 in the Gulf of Alaska south of Unimak Island, Alaska
(54°10'N, 162°14'W), at a depth of 93 m in coral habitat
included a single larval rockfish (Fig. 1). No larvae were
captured in samples taken during the other 7 deployments
of the plankton pump. The habitat where the larval rockfish

Figure 1

Images of deepwater coral habitat and rockfish larvae (Sebastes spp.) associated with collections made with a plankton pump
during this study or made during the bottom-trawl survey conducted by the NOAA Alaska Fisheries Science Center (AFSC)
in the Gulf of Alaska in 2017: (A) deepwater coral habitat where the larval northern rockfish was collected with the plankton
pump, (B) the northern rockfish larva collected in the plankton pump, (C) a larval rockfish with a coral of Plumarella superba
from the collection of specimens captured during the AFSC bottom-trawl survey, (D) rockfish larvae collected from corals sam-
pled during the AFSC bottom-trawl survey, (E) a larval rockfish nestled in a coral of Callogorgia compressa collected during the
AFSC bottom-trawl survey, and (F) a larval rockfish retrieved from the collection of the AFSC bottom-trawl survey.
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was captured was predominantly soft sediment but had
some cobble and boulder-sized rocks intermixed through-
out. Corals (especially Callogorgia sp.) were abundant at
the deployment location where the larva was captured and
on the surrounding seafloor (Fig. 1). The specimen was
5.53 mm in length and weighed 0.2 g. The size of extrusion
for northern rockfish is not known but is expected to be less
than 6.1 mm (Matarese et al., 1989), and in general the size
of extrusion for most rockfish species is 5—7 mm (Love et al.,
2002). The specimen was visually identified as a rockfish
(Sebastes sp.) and was considered to have recently extruded
because of its small size.

The larval specimen in question differed by 1 bp at posi-
tion 246 from the vouchered northern rockfish specimen
(UW155787) but was an exact match to the our newly
sequenced northern rockfish specimen (UW189442) and
to 2 specimens of northern rockfish in GenBank: catalog
no. EF446443.1 (voucher no. UW113251) and catalog no.
DQ678512.1 (voucher no. SQFSC121-69 (Hyde and Vetter,
2007). Therefore, we concluded that this larval fish was a
northern rockfish.

For the additional 11 larvae associated with corals, all
sequences associated with Plumarella superba and 4 of the
5 larvae associated with Callogorgia compressa matched
the sequence for our recent specimen (UW189442) (Table 1)
and were identified as northern rockfish. One individ-
ual associated with Callogorgia compressa matched the
sequence for DQ678476.1 (SWFSC173-8) and was identi-
fied as a harlequin rockfish (S. variegatus) (Hyde and Vet-
ter, 2007). These 11 larvae were all found in corals, settled
among polyps as shown in Figure 1. This observation is
similar to that of Baillon et al. (2012), who also observed
larvae of Atlantic redfish (Sebastes sp.) situated among
polyps of pennatulaceans in trawl hauls. Baillon et al.
(2012) observed the Atlantic redfish larvae in bottom-
trawl hauls that also captured adult Atlantic redfish;
therefore, the larvae may have been extruded in the net
and swept into the pennatulacean polyps by the action of
the trawl gear. During the bottom-trawl survey conducted
in 2017 in the Gulf of Alaska, adult northern rockfish did
occur in 1 of the 2 trawl hauls in which its larvae were also
captured, but adult harlequin rockfish did not occur in the
bottom-trawl haul in which the larval harlequin rockfish
was found, indicating that the occurrence of these larvae
on corals was not necessarily a consequence of the capture
process inducing extrusion of rockfish larvae within the
trawl net.

The capture of free-swimming northern rockfish lar-
vae by using a plankton pump is the first in situ record
of a rockfish larva confirmed to have been captured from
within deepwater coral habitat. Little is known of the early
life history of Alaska rockfishes or of northern rockfish in
particular, but species of Sebastes generally have an exten-
sive pelagic larval phase of up to 1 year in duration and
a limited lifetime dispersal indicated by genetic studies
(Miller and Shanks, 2004; Hyde and Vetter, 2007; Gharrett
et al., 2012; Kamin et al., 2014). These 2 characteristics
of their life history appear to be somewhat in conflict, in
that species with the potential for long-distance dispersal

would not be expected to have restricted geographic dis-
semination. However, results of a study of 11 microsat-
ellite loci of northern rockfish captured along the range
of this species in the Bering Sea and Aleutian Islands
of Alaska reveal a significant isolation-by-distance rela-
tionship, indicating limited lifetime dispersal of between
approximately 12 and 120 km for this species (Gharrett
et al., 2012). Reduced currents downstream of coral habi-
tat (and potentially other highly structured habitats) may
provide a process for larval rockfish to be retained near
where they were spawned, creating an important mecha-
nistic link between the known genetic structure of north-
ern rockfish and restricted dispersal.

This unique observation of a larval northern rockfish
in deep-sea coral habitat improves our knowledge of the
early life history of this commercially important species
and may provide insight into a potential mechanism for
larval retention for a taxonomic group that has a high
degree of population structure and limited lifetime disper-
sal. The result also highlights the further importance of
deepwater coral habitat as essential habitat for rockfishes.
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