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Abstract

A description is presented of the nearshore benthic community of Kasatochi Island
10-12 months after a catastrophic volcanic eruption in 2008. The eruption extended
the coastline of the island approximately 400 m offshore, mainly along the south,
southeast, and southwest shores, to roughly the 20 m isobath. Existing canopy kelp
of Eualaria (Alaria) fistulosa, as well as limited understory algal species and
associated fauna (e.g., urchin barrens) on the hard substratum were apparently
buried following the eruption. Samples and observations revealed the substrate
around the island in 2009 was comprised almost entirely of medium and coarse sands
with a depauperate benthic community, dominated by opportunistic pontogeneiid
amphipods. Comparisons of habitat and biological communities with other nearby
Aleutian Islands, as well as with the Icelandic volcanic island of Surtsey, confirm
dramatic reductions in flora and fauna consistent with an early stage of recovery
from a large-scale disturbance event.

DOI: 10.1657/1938-4246-42.3.315

Introduction

A wide array of biological and physical processes are
recognized as influential in the dynamics of nearshore marine
communities (Dayton, 1971; Sousa, 2001). Examples of biological
factors include competition, predation, herbivory, and succession
(Paine, 1974; Estes and Palmisano, 1974; Estes and Duggins, 1995).
Examples of physical factors include wave energy, sunlight, water
temperature, and salinity (Dayton and Tegner, 1984; Dayton et al.,
1992). Disturbance, either physical or biological, is a dominant
influence in marine ecosystems, and a rich literature describes the
effects of various sources and types of disturbance on community
structure (e.g., Sousa, 2001; Paine and Levin, 1981). The frequency
of disturbance events is generally inversely related to the magnitude
of the disturbance, i.e., large disturbance events are relatively rare
(Sousa, 2001). As a consequence, much of the research describing
community responses to disturbance focuses on relatively small-
scale disturbance events (Michener and Haeuber, 1998). Occasion-
ally, disturbance events result in the complete elimination of all
organisms in and on the substrate (White and Pickett, 1985).
Examples of these types of events include landslides and volcanic
events (Townsley et al., 1962; Gulliksen et al., 1980; Okey, 1997).
Because of the rarity and unpredictable nature of disturbance
events, relatively little work has been conducted to explore the
physical and biological processes responsible for recovery of marine
communities following catastrophic disturbance.

On 7-8 August 2008 the eruption of Kasatochi volcano in the
eastern Aleutian Islands completely covered the island and
nearshore marine habitats with pyroclastic flows and volcanic
ash (Scott et al., 2010 [this issue]). Observations in the months
following the eruption suggested that all terrestrial plant and
animal life was eliminated. The effect of the eruption on the
intertidal and nearshore subtidal marine communities was
expected to be similarly widespread.

Little preexisting shallow (<20 m), nearshore benthic data
exists around Kasatochi Island. However, numerous nearshore
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dive studies have been conducted at other locations in the
Aleutians, primarily focusing on the flora and fauna of hard
substrates (Estes et al., 1989, 2004; Vicknair, 1997; Konar, 2000;
Reisewitz et al., 2006). The recent decline of sea otters (Enhydra
lutris) throughout the Aleutian archipelago has caused a shift in
the rocky nearshore community, from one dominated by kelps to
one dominated by sea urchins (Strongylocentrotus polyacanthus)
(Estes et al., 2010). Presumably, urchins also dominated around
Kasatochi prior to the 2008 eruption.

Here we report results of a 2009 reconnaissance study to
assess the acute effects of the eruption on the nearshore benthic
community. There were two primary objectives: (1) characterize
the nearshore sediment and benthic community following the 2008
eruption; and (2) provide a comparison of the post-eruption
community with data from nearby islands without recent volcanic
eruptions. We initially planned to sample the intertidal zone, but
finding no organisms there, all sampling was directed to assess the
subtidal benthos.

Materials and Methods
STUDY AREA

Kasatochi Island (52.17°N, 175.51°W) is located 80 km
northeast of Adak, Alaska, and is part of the Andreanof Islands in
the central Aleutians (Fig. 1). The island lies approximately 20 km
north of Atka and Fenimore passes, two of several passes which
transition between the North Pacific Ocean and the Bering Sea.
Prior to the 2008 eruption Kasatochi was a 2.9 km by 2.6 km
island volcano (Scott et al., 2010 [this issue]). Beds of canopy kelp,
Eualaria fistulosa, were evident around Kasatochi Island, except
along the northern shore, before the 2008 eruption (J. Williams
and W. Pepper, Alaska Maritime National Wildlife Refuge,
personal communication, 2009). The status of understory kelps
prior to 2008 is unknown, but presumably similar to nearby
islands. The eruption extended the coastline of the island, mainly
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FIGURE 1. Location of Kasatochi Island in the west-central Aleutian Islands of Alaska. Also shown are nearby islands and extent of ash
fall from the 7-8 August 2008 eruption.

to the east, south, and west sides, burying the kelp beds and anchor a diver extended a 25 m tape parallel to shore along the 10 m
associated understory flora and fauna by volcanic flows and ash. (£2 m) depth contour to establish the secondary transect. Once the
tape was in place, a diver slowly swam back toward the anchor over
the tape while video recording approximately a 1 m swath (1 X 25m)
TRANSECTS to characterize the habitat (see Underwater Video).

Six primary transects that radiated from the caldera to the Following video recording, samples were collected at three
random points along the secondary transect. At each sampling
point, a set of 3 nested quadrats (1 X 1 m, 50 X 50 cm, and 25 X
25 cm in size) were placed on the offshore side of the transect.
Within each 1 m? quadrat, a 50 X 50 cm (0.25 m?) and a 25 X
25 cm (0.06 m?) quadrat were placed for algal and invertebrate
sampling, respectively. The abundance and percent cover of algae
and macroinvertebrates were recorded within the 1 X 1 m (1 m?)
quadrat. A diver-operated airlift capped with a 0.5 mm mesh bag
was used to collect all invertebrates found within the 25 X 25 cm
quadrat. In soft substrates, sediment was removed down to a
depth of 10 cm. Floral and faunal samples were preserved in 10%
buffered formalin, labeled, and taken back to the laboratory where
invertebrates were sorted, identified, and counted.

Whenever soft sediment (e.g., sand) was encountered at a site,
an additional 1 X 1 m quadrat was placed on the inshore side of
the tape at the first sampling point along the transect. A single
125 mL sediment sample was taken to a sediment depth of 5 cm
from an undisturbed portion of the 1 m* quadrat for the purpose
of determining the surficial sediment grain size at each site.
Sediment samples were collected before the macrobenthic samples
to ensure no disturbance to the fine sediments. Samples were

The following subtidal sampling protocol, previously used in the frozen at —20 °C prior to analysis at the University of Alaska
Aleutian Islands by Jewett et al. (2008), was implemented. At the Fairbanks. Grain size was analyzed according to Folk (1980).

shore of Kasatochi Island were established for terrestrial
sampling. These transects were extended into the nearshore
marine environment where sampling/observations occurred be-
tween 10 and 20 m depths (Fig. 2). Benthic samples were collected
by divers at 10 m depths along secondary transects (see Subtidal
Sampling); underwater videos were recorded at 10-20 m depths
(see Appendix).

For sampling at the 10 m depth, a skiff began at the shore end
of the primary transect and ran a compass bearing offshore along
the transect until the 10 m depth was located with the aid of a
portable depth sounder and GPS. Each site was marked with an
anchor and surface float. Other observations along the transect
beyond 10 m were accessed from the M/V Tiglax. Actual locations
where sampling/observations were made were often not on the
target transect lines because of the difficulty divers had in holding
their position in the current. The 10 m site on Transect 5 was
moved to an embayment to the north because of rough weather.

SUBTIDAL SAMPLING
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FIGURE 2. Transects and locations where sampling occurred via divers at 10 m and where observations were made with a drop camera at

>10 m, June and August 2009.

The post-eruption Kasatochi benthic community and sedi-
ments were compared to two communities previously sampled
from nearby Atka and Amlia islands in 2006 and 2007; sampling
methods were comparable (Jewett, unpublished AKMAP data).

UNDERWATER VIDEO

Diver video (1-2 minutes) from the 10 m transects were
intended to provide semiquantitative information on habitat
characteristics and distribution of major algal and macrofauna
taxa. To assist with characterizing the habitat, another diver either
recorded on a slate or collected representatives of the dominant
mature algae and macrofauna from 1 m on either side of the
transect (2 X 25 m). A Canon™ PowerShot S80 digital camera
was used for the video as well as occasional still photos.

A Splashcam™ drop camera deployed from the M/V Tiglax
was used to characterize the benthic substrate and biotic
community at the 20 m depth along the six primary transects.
Video segments of 2-13 minutes in duration were recorded on a
DVD while the ship drifted over the site. Additional drop camera

recordings were occasionally made along the primary transects at
depths between 10 and 20 m.

WATER TEMPERATURES

As part of the annual monitoring within the Alaska Maritime
National Wildlife Refuge, near-bottom water temperatures were
recorded hourly at approximately 7-9 m depths along the east side
of Kasatochi Island during late May to early September, 1996
2009 (J. Williams, Alaska Maritime National Wildlife Refuge,
personal communication, 2009). Between 1996 and 2007 the Onset
Corporation HOBO® Optic StowAway® Tidbit® was used; the
comparable Onset Corporation HOBO® water temp Pro v2 was
used in 2008 and 2009.

STATISTICAL ANALYSES

Comparisons were made between (1) water temperatures and
years, sediment grain size (percent) and study sites, and (2)
amphipod abundance (percent) and sites using ANOVAs. All
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percentages were arcsine transformed prior to the ANOVA
testing. Statistical significance was set at p = 0.05.

Results

Limited pre-eruption information on the nearshore marine
community at Kasatochi exists. Interviews with personnel and
scientists who worked around Kasatochi from the M/V Tiglax
attest that before the 2008 eruption beds of canopy kelp, Eualaria
fistulosa, were evident, except along the northern shore where
slope and water depths were too great for suitable habitat for large
algal species (Fig. 3a). Aerial reconnaissance in the spring of 2009
determined that the eruption extended the coastline of the island
about 400 m, mainly along the south, southeast, and southwest
shores, to roughly the 20 m isobath (Scott et al., 2010 [this issue]).
This expansion of volcanic material covered the kelp beds and
associated benthic community that previously occurred there.
Surveys from the M/V Tiglax in August 2009 found kelp canopy
only visible at the water surface in small patches at three locations,
off the northeast, northwest, and southwest sides of the island
(Fig. 3b).

HABITAT CHARACTERIZATION

Video recordings (by diver and drop camera) made within the
20 m isobath revealed little hard substrate on a largely featureless
bottom (Appendix). At 10 m, sand with some gravel and scattered
boulders typified the surficial substrate. At 20 m, sand waves with
coarser sand on the wave crests were evident on Transects 2 and 5,
but fines, i.e., mud and fine sand were more prevalent on Transects
1, 2, 4, and 6. Soft sediment comprised 100% of the substrate
within most of the 1 X 1 m quadrats, except along Transect 3
where boulders and cobbles were encountered.

Sediment samples were collected by divers at 10 m depth on
five of the six subtidal transects; Transect 1 was not sampled for
sediment due to rough seas. Sediment grain size on Transects 2-6
was predominantly medium and coarse sands (0.25-1.0 mm)
(Table 1A). There was no significant difference in the grain size
composition (gravel, sand, mud) at the five sampling sites
(ANOVA: df = 4, F = 0.012; p = 0.99).

Benthic organisms (infauna and epifauna) were rarely
observed by divers or recorded on videos (Appendix). No holes
in or mounds on the soft substrate, indicative of macrobenthic
invertebrates, and no large epifaunal invertebrates were observed
on the soft substrate. Divers observed a few live barnacles on
Transect 6 and a few juvenile flatfishes on Transects 2 and 6. One
large yellow Irish lord, Hemilepidotus jordani, was recorded with
the drop camera at 14-20 m on Transect 3.

Divers found few living representatives of the mainly smaller
species of algae on secondary transects at 10 m depth. Although
no algae were encountered within any of the 1 X 1 m quadrats,
specimens were visible along the transects on scattered boulders
partially buried in the sand. Juvenile brown alga of the family
Laminariaceae, Saccharina subsimplex (formerly Laminaria bon-
gardiana), dominated on Transect 4. Some fertile plants were
observed. Thick diatom mats with occasional filamentous green
alga, Urospora spp., were on Transects 2 and 5 (Appendix). No sea
urchins were observed.

At 14-20 m depths along Transect 3, the drop camera
recorded small brown algae of the family Alariaceae, mainly
Eualaria fistulosa, with some Cymathaere triplicata, Alaria
marginata, and Laminaria longipes, as well as several clumps of
Saccharina subsimplex and the red alga Porphyra spp. Some fertile
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Laminaria longipes were observed. Saccharina subsimplex was also
noted at 12 m on Transect 4. Most of the algae were recently
settled, usually less than 2 m in length. In contrast, no algae were
observed at 20 m on Transects 1, 2, 4, 5, and 6 (Appendix). Again,
no sea urchins were observed.

Additional features that reflected eruption disturbance includ-
ed dead barnacles on boulders at 10 m on Transects 4 and 6. Also,
on Transect 4, at 12 m, the drop camera recorded bubbles flowing
from the sand at four points during a nearly 3-minute drift.

The 13-year record (1996-2009, excluding 2008) of summer
bottom water temperatures around Kasatochi Island indicated
that temperatures gradually warmed from ~4.5 to ~7.0 °C
between late May and early September. Temperatures were not
obtained for 2008 because the data logger was buried by the
eruption. Mean weekly seabed temperatures were statistically
similar among years (ANOVA: df = 12, F = 1.655, p = 0.08).
Thus, temperatures for 2009, within a year after the 2008 eruption,
were not different than other years.

MACROBENTHIC FAUNA

Benthic samples were collected at 10 m on five of the six
subtidal transects; Transect 1 was not sampled due to rough seas.
All sampling was predominantly on medium and coarse sands. A
depauperate macrobenthic fauna typified all five sites with average
abundance values of 8, 0, 352, 389, and 789 individuals m 2 on
Transects 2, 3, 4, 5, and 6, respectively (Table 2A). Amphipods
were the most abundant organisms, although some polychaetes,
cumaceans, and barnacles were found. Amphipods occurred at
three sites where they accounted for between 51 and 89% of the
total abundance (Table 2A). Amphipods belonged to six families
and there was no significant difference in abundance of the distinct
families between the three sites where amphipods occurred
(Table 3; ANOVA: df = 2, F = 0.011, p = 0.98). The dominant
amphipod family Pontogeneiidae, composed of Pontogeneia
ivanovi, P. makarovi, and Pontogeneia sp., comprised 27 to 81%
of the total site abundance (Table 3).

Because no pre-eruption information on the macrobenthic
community at Kasatochi was available for comparison with 2009
data, comparisons were made with data from Atka and Amlia
islands (not shown on Fig. 1) in the Andreanof Islands group,
with similar depths and soft sediments as sampled at post-eruption
Kasatochi. Depths at the two sites were 9 and 14 m, respectively.
Although the sediments at these two sites were mostly sands, they
were generally less coarse and finer sands than at Kasatochi
(Table 1B).

Regarding Objective 2, the faunal abundance at the Atka and
Amlia sites were an order of magnitude greater than sites around
Kasatochi Island (Table 2B). Furthermore, these sites were mostly
dominated by polychaetes, gastropods, and sand dollars, rather
than amphipods. These two sites also had evidence of a well-
established macrobenthic community, with biotic mounds and
holes, and numerous macrofaunal components, like burrowing
anemones, polychaetes, hermit crabs, sea urchins, sand dollars, sea
stars, and adult and juvenile flatfishes.

Discussion

The rocky nearshore community in the Aleutian archipelago
from intertidal to ~20 m subtidal depths has been in transition for
the past two decades. Following nearly a century of sea otter range
expansion and population growth, sea otter numbers began to
decline about 1990 across the Aleutian Islands (Doroff et al.,
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FIGURE 3. (a)  Generalized
pre-2008 eruption distribution of
canopy kelp (mainly Eualaria
fistulosa) around Kasatochi Island
(J. Williams and W. Pepper,
personal communication, 2009).
The 18 April 2009 photo shows
the shoreline expansion from the
pre-eruption boundary of the is-
land (yellow line). (b) Distribution
of canopy kelp (mainly Ewalaria
fistulosa) around Kasatochi Island
one year after the August
2008 eruption.
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TABLE 1

Comparison of sediment grain size composition (percent) <20 m depths on five transects off (A) Kasatochi Island, 2009, and (B) other islands
in the Andreanof Islands, 2007 (Jewett, unpublished; Jewett et al., 2008).

Sand
Very Very Total
Transects/Sites Depth (m) Gravel Coarse Coarse Medium Fine Fine Sand Mud
A. Kasatochi Island
2 10 3.89 18.14 57.73 19.47 0.66 0.10 96.10 0.01
3 10 0.48 3.60 22.30 63.94 9.54 0.10 99.48 0.03
4 10 19.91 6.47 41.05 24.90 6.77 0.82 80.00 0.09
5 10 2.17 5.38 47.52 39.42 5.29 0.18 97.79 0.02
6 10 40.58 4.84 16.87 31.09 6.32 0.25 59.37 0.05
B. Andreanof Islands
Nazan Bay, Atka Island 9 0.05 1.50 3.47 52.07 40.37 2.03 99.44 0.53
Cape Idalug, Amlia Island 14 0.00 0.27 5.18 46.58 44.85 2.98 99.86 0.15

2003), generally causing an ecosystem phase shift from a kelp-
dominated to an urchin-dominated subtidal community (Estes et
al., 2004). While today the Aleutians are generally in an urchin-
dominated state (i.e., urchin barren) (Estes et al., 2010), canopy
kelp beds, primarily the annuals Eualaria fistulosa and Nereocystis
luetkeana, as well as numerous species of understory algal species,
e.g., the annual Cymathaere triplicate, and the perennials
Saccharina subsimplex, Laminaria spp., Agarum spp., and Thala-
siophyllum clathrus, still occur in some areas of the archipelago
(Konar and Estes, 2003; Bodkin, Chenelot, Hoberg, Jewett,
personal observations).

The only previous information on the subtidal community of
Kasatochi Island prior to the eruption was obtained from surface
observations by Alaska Maritime National Wildlife Refuge
personnel J. Williams and W. Pepper (personal communication,
2009) while aboard the M/V Tiglax. They maintained that in years
leading up to the 2008 eruption beds of canopy kelp, Eualaria
fistulosa, were prevalent around Kasatochi Island, except along
the northern shore. The M/V Tiglax makes annual sojourns to the
island, as well as elsewhere in the Aleutians.

Also, two dives from the M/V Tiglax were made on 3
September 2002 along the east side of Kasatochi (R. Lauth,
NOAA, personal communication, 2009). The first dive
(52°10.250'N, 175°29.395'W) was approximately 200 m north of
our 2009 10 m site along Transect 2 (Fig. 2). On the first dive, at a
depth of ~9 m, video recording revealed a dense canopy of

Eualaria fistulosa at the surface. At this depth, where their
temperature data logger was retrieved, the hard substrate was
covered by Eualaria fistulosa and dense understory of the brown
alga Cymathaere triplicata. On the second dive, ~200 m WNW of
the data logger position, divers descended a wall to 25 m. Brown
algae Agarum turneri and Saccharina subsimplex were present
along the upper portion of the wall. Algae deeper than ~20 m
were the green algae Codium ritteri and encrusting red coralline
algae, Clathromorphum nereostratum and Lithothamnion spp. The
wall and the floor at the base of the wall were completely covered
with sessile organisms such as sponges, sea anemones, gorgonian
corals (e.g., Paragorgia spp.), hydroids, bryozoans, rock jingles
(Pododesmus macrochisma), barnacles, and tunicates. Mobile
epifauna consisted of a scale crab (Placetron wosnessenskii), sea
stars (Henricia spp. and Solaster sp.), brittle stars, and sea urchins.
Numerous black (Sebastes melanops) or dusky rockfish (Sebastes
ciliatus) were noted along the dive, especially below 20 m. Based
on widespread changes in benthic community structure in recent
years (Estes et al. 2010), it is difficult to predict what the
community at Kasatochi looked like prior to the eruption.
Nevertheless, whatever dominated the nearshore community
around Kasatochi prior to the eruption was mostly destroyed by
the 2008 eruption.

Extension of the shoreline to 400 m offshore to a depth of
~20 m buried the algal community with mainly medium and coarse
sands. In all likelihood, the three small patches of kelp observed in

TABLE 2

Comparison of macrobenthic abundance and dominant taxa from soft substrates at <20 m depths off (A) Kasatochi Island in 2009 and (B)
other islands in the Andreanof Islands, 2007 (Jewett, unpublished; Jewett et al., 2008).

Site Location Depth Abundance Dominant Percent Dominant biota
Date Site ID Coordinate (N, W) (m) Indiv./m? Taxa abundance on 25 m transect
A. Kasatochi Island
6/12/09 Transect 2 52°10.141", 175°29.390’ 10 8 Polychaetes 100.0 Diatoms/green algae
6/13/09 Transect 3 52°09.354", 175°29.965’ 10 0 Nothing
8/10/09 Transect 4 52°10.473", 175°32.063’ 10 352 Amphipods 51.5 Dead barnacles,
Cumaceans 30.0 few young brown,
Barnacles 13.6 and red algae
6/14/09 Transect 5 52°10.775', 175°31.649’ 10 389 Amphipods 87.7 Diatom mats on rocks
8/10/09 Transect 6 52°11.000", 175°31.342’ 10 789 Amphipods 89.1 Diatom film on rocks
B. Andreanof Islands
7117107 0008 Nazan Bay, Atka Is. 9 3003 Gastropods 52.2 Sand dollars
52°13.417', 174°09.718’ Polychaetes 322
7/18/07 0035 Cape Idalug, Amlia Is. 14 3307 Gastropods 56.3 Sand dollars
52°07.179', 173°32.484’ Polychaetes 314
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TABLE 3

Comparison of amphipod taxa at 10 m sites on transects where
amphipods dominated.

Percent of Macrobenthic Abundance

Transect Transect Transect
Amphipod Taxa 4 5 6
Acanthonotozomatidae 0 1.4 0
Odius carinatus
Dexaminidae 1.4 0 0
Atylus collingi
Pontogeneiidae 27.3 50.7 81.3

Pontogeneia sp.
Pontogeneia ivanovi
Pontogeneia makarovi
Ischyroceridae 7.6 0 2.7
Ischyrocerus sp.
Ischyrocerus latipes
Lysianassidae 0 1.4 1.9
Anonyx nugax
Orchomene sp.

Pleustidae 7.6 1.4 1.3
Pleustes cataphractus
Stenothoidae 7.6 12.3 1.3
Unidentified
amphipods 0 20.5 0.6
Total 51.5 87.7 89.1

August 2009 were the only remnants of the once robust Eualaria
fistulosa community that surrounded most of the island. This kelp
can attain lengths up to 25 m (O’Clair and Lindstrom, 2000), and it
is likely that some portions of the kelp community were not
completely buried, especially along the outer margin of the Eualaria
zone. While video recordings approximately a year after the
eruption further underscored the near complete elimination of
kelps, it did reveal isolated kelp remnants. Recordings at 12
locations along transects revealed relatively small (<2 m) algal
plants at a few locations where the top of boulders were protruding
through the soft substrate (Appendix). The kelp Eualaria fistulosa
mainly dominated at 14 m on Transect 3 and Saccharina subsimplex
dominated at 10-12 m on Transect 4. That some fertile Saccharina
subsimplex were observed indicates some understory kelps survived
the eruption. The absence of hard substrate is apparently the major
factor limiting kelp recolonization around Kasatochi Island.
Studies in temperate systems have shown that algal communities
can recover to previous densities within one year of denuding
(Foster, 1975; Bertness et al., 2004). In situations where algal
communities are buried, recovery is entirely dependent upon the
rate of sediment erosion. There is no information on the depth of
the overlying subtidal fines, the erosion rate of subtidal fines by
ocean currents, and the erosion rate of terrestrial fines on Kasatochi
(from land to sea). Little information exists on currents around
Kasatochi or through the closest passes, Fenimore and Atka, but
net northerly current speeds through Seguam Pass (east of
Kasatochi) and Tanaga Pass (west of Kasatochi) are moderate
(20-25cm s~ 1) (Stabeno et al., 2005). Current velocities necessary to
erode medium and coarse sands (0.25-1.0 mm) are about 20 cm s~
and greater (Hjulstrom, 1939). Thus, if currents, especially the
tidally-driven ones, are >20 cm s~ 'around Kasatochi, it may not be
long before they erode the subtidal fines down to hard substratum.
This would result in increased hard substrate in the nearshore
environment that would enable a diverse algal community to
become established again.

Another important component of the subtidal community that
presumably was buried by the eruption was the long-lived and slow-
growing red crustose coralline algae (Frantz et al., 2005; Halfar et
al., 2007). In the Aleutian Islands, red crustose coralline algae
(Clathromorphum nereostratum and Lithothamnion spp.) are wide-
spread in the low intertidal and shallow subtidal regions, and cover
most available hard substrates (Jewett, personal observation).
Crustose coralline algae were observed at one location near
Kasatochi in 2002, as noted above, and it is thought to have been
pervasive in the nearshore zone based on observations made during
surveys in 2006-2007. Subtidal habitats dominated by crustose
coralline algae are often associated with sea urchin-barren grounds
and regarded as supporting limited invertebrate communities,
especially compared to the adjacent kelp forests. Despite the
desolate appearance of crustose habitats, a recent study in the
eastern Aleutians revealed the interstitial spaces of the crustose
environments support faunal communities as diverse and abundant
as those found in rich macroalgal habitats (Chenelot et al., 2008).
Thus, the loss of this habitat is viewed as significant as the loss of the
algal community. It is unknown if this crustose community will
recover when suitable substrate is re-exposed by erosion.

Around Kasatochi, the newly deposited sand substrate was
largely devoid of life, since video recordings revealed only
barnacles (Transect 6 at 10 m) and no mounds or holes formed
by infauna. The dominant macrofaunal species present were
motile crustaceans, such as amphipods, that presumably moved
into the devastated area from outer unaffected regions. This is in
contrast to the Atka and Amlia sites with similar depth and
substrate (Jewett, unpublished). Sand communities in the latter
region were well-established and showed no effects of physical or
biological disturbance. They were characterized by high macro-
benthic diversity and abundance with dominant faunal compo-
nents (i.e., polychaetes, gastropods, sand dollars) less motile or
sessile than the amphipods found at Kasatochi. Numerous
investigators have found amphipods among the first opportunistic
species on soft substrates following disturbances (e.g., Oliver et al.,
1980; VanBlaricom, 1982; Oliver and Slattery, 1985; Jewett et al.,
1999). VanBlaricom (1982) discovered that shallow sand sites
disturbed by digging rays were characterized by low macroinver-
tebrate abundance, but four families of tube-dwelling and
burrowing amphipods dominated. Benthic amphipods (13 genera
including tube-dwelling corophiids and burrowing oedicerotids)
were among the dominant early colonizing taxa at sandy locations
subjected to placer gold mining in Norton Sound, Alaska (Jewett
et al.,, 1999). Little is known about the life history of the
amphipods in the family Pontogeneiidae that dominated near
Kasatochi, but this family is reported to be a nestler (Yu et al.,
2002) and a free surface dweller that feeds as an herbivore, surface
detritivore, and carnivore (Biernbaum, 1979). Diatom films or
mats were pervasive in the nearshore zone around Kasatochi, and
the pontogeneiid amphipods appear to have been the first and
only grazer to utilize this algal resource.

COMPARISONS WITH SURTSEY ERUPTION

Since no post-eruption information on eruption effects or
recolonization of nearshore communities on other Aleutian
volcanic islands is available, comparisons are made between this
study and the volcanic island of Surtsey, off the coast of Iceland.
During the ~3.5 year volcanic eruption of Surtsey, which began 14
November 1963, the cinder cone built up from a water depth of
120 m and eventually covered an area of 6.5 km?, of which 2.8 km?
were above water to a height of 172 m (Fridriksson, 1975). Smaller
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satellite volcanoes were added to the submarine base of the Surtsey
structure. During the later period of volcanic activity ash flowed
down and destroyed all benthic organisms on the sea floor. Ash
reached as far out as 1.8 km off the island, where a thin layer of
ash was deposited over a layer of mud. The immediate effects of
the eruption on the temperature and nutrient composition of sea
water were negligible and there was no effect on salinity.

One element of the algal community around Kasatochi bears
resemblance to the first stages of algal settlement around Surtsey.
Pioneers of the marine benthic algae that colonized Surtsey
21 months after the island emerged were composed only of
diatoms (Navicula mollis and Nitzschia bilobata) and one species of
filamentous green algae, Urospora penicilliformis (Fridriksson,
1975). We also found the first algae colonizers off Kasatochi 10—
12 months after the eruption to be unidentified diatoms, mixed
with Urospora spp., young brown alga (Alariaceae: FEualaria
fistulosa and Saccharina spp.), and red alga (Porphyra spp.). It was
not until nearly three years after Surtsey emerged did any brown
(Alariaceae) and red algae (Porphyra spp.) appear (Fridriksson,
1975). The number of benthic algae discovered growing on Surtsey
3 and 4 years later were 17 and 27 species, respectively.

As for benthic marine fauna around Surtsey, in November
1964, one year after the island formed, coarse substrate prevented
sampling at shallow depths. However, at a depth of 70 m 0.4 km
off the island a few invertebrates were found on a rough scoria
(fragments of burnt, crustlike lava) bottom, e.g., the tube-dwelling
polychaete Pectinaria koreni. The scoria substrate reached out to
0.7 km offshore, except to the north side where it was mostly
gravel. Between 0.7 and 1.8 km offshore the ash did not seem to
affect the fauna. Three years after the island formed there were 17
species of polychaete worms at depths greater than 100 m. At this
time several benthic species were found on the slope in shallow
water (undetermined, but shallower than 70 m), such as the
polychaetes Pectinaria koreni, Scoloplos armiger, and Capitella
capitata, six bivalve species of which the most common was Abra
nitida, and the brittle star, Ophiura affinis (Fridriksson, 1975).
Fine sediments with particulate organics must have been prevalent
for these opportunistic species to become established. It is of
interest that highly mobile amphipods were not among the early
colonizers at Surtsey as we found at Kasatochi. Presumably
amphipods at Kasatochi were opportunists derived from the
remnants of the kelp bed immediately outside the devastated area.
No such kelp was available at the newly formed Surtsey.

In summary, the 2008 eruption of Kasatochi Island resulted
in catastrophic change to marine habitats and the near complete
loss of biological communities surrounding the island. The rocky
reef habitats that presumably were dominated by sea urchins and
remnant canopy kelp prior to the eruption were replaced by a new
substrate of coarse sand dominated by benthic amphipods. There
is some evidence that erosion processes may eventually reveal
larger sediment sizes or bedrock and algal colonization may occur
as a precursor to the recovery of the system.
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APPENDIX

Summary of video observations and samples collected from six
nearshore (<20 m depths) transects off Kasatochi Island, 12-15
June and 10-12 August 2009 from the R/V Tiglax.

Transect 1
10 m Not surveyed.

20 m Date: 8/12/09.

Location: NE Kasatochi Island; 52°10.639'N, 175°29.510'W.

Observation method: 2:45 min drop camera (Jewett, Hoberg).

Conditions: moderate winds from the south, moderate (~2
knots) current; bottom visibility poor (<2 m); much
particulate material in the water.

Substrate: fine sand/mud, occasional boulders.

Biota: no biota.

Transect 2
10 m Date: 6/12/09.

Location: 52°10.141'N, 175°29.390'W.

Observation method: divers (no video) (Chenelot, Esslinger,
Baldwin).

Conditions: strong current.

Substrate: sand and a few boulders.

Biota: 1 sea lion, 1 unidentified juvenile fish, golden diatom mats
interspersed with filamentous green alga, Urospora sp., on
top of boulders.

Samples collected: 2-0.06 m” samples for macrobenthos; 1 water
and 1 sediment sample.

20 m Date: 8/12/09.
Location: E Kasatochi Island; 52°10.160'N, 175°29.180'W.
Observation method: 4:15 min drop camera (Jewett, Hoberg).
Conditions: moderate current.
Substrate: mud between coarse sand waves.
Biota: no biota.

Transect 3
10 m Date: 6/13/09.
Location: 52°9.354'N, 175°29.965'W.
Observation method: 2 min diver video (Chenelot, Esslinger,
Baldwin).
Conditions: strong current; visibility ~15 m.
Substrate: sand only.
Biota: none along 25 m video transect.
Samples collected: 3-0.06 m> samples for macrobenthos; 1 water
and 1 sediment sample.

14 m Date: 6/13/09.

Location: 52°9.077'N, 175°29.717"W (north of the transect).

Observation method: 13 min drop camera (Chenelot, Esslinger,
Baldwin).

Conditions: Moderate current; visibility ~3-4 m.

Substrate: Sand/gravel/boulder

Biota: relatively dense young brown algae, mainly Eualaria
Sistulosa, with some Cymathaere triplicata, Alaria marginata,
Laminaria longipes (some fertile), Saccharina subsimplex, and
red algae, Porphyra sp., on boulders; 1 yellow Irish lord sculpin.
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APPENDIX
Continued.

APPENDIX
Continued.

20 m

Transect 4
10 m

12 m

20 m

Transect 5
10 m

Date: 8/12/09.

Location: 52°8.930'N, 175°29.700"W.

Observation method: 2:30 min drop camera (Jewett, Hoberg).

Conditions: moderate current; visibility ~3-4 m.

Substrate: coarse sand with occasional boulders.

Biota: occasional young brown algae (Eualaria fistulosa) on
boulders; no other biota.

Date: 8/10/09.

Location: W Kasatochi Island; 52°10.473'N, 175°32.063'W.

Observation method: 1:35 min diver video (Jewett, Hoberg).

Conditions: strong current; visibility ~15 m.

Substrate: coarse sand and boulders.

Biota: along 25 m transect large dead barnacles on boulders,
evidence of probable burial after the August 2008 eruption
and subsequent recent erosion exposing dead barnacles.
Small brown algae Saccharina subsimplex dominated (some
fertile), but other browns, Cymathaere triplicata and
Desmarestia aculeata, and a red, Porphyra sp., were present.

Samples collected: 3-0.06 m> samples for macrobenthos; 1 water
and 1 sediment sample.

Date: 8/12/09.

Location: 52°10.570'N, 175°32.034'W.

Observation method: 2:40 min drop camera (Jewett, Hoberg).

Conditions: moderate current; visibility ~3-4 m.

Substrate: sand waves, with coarser sand on wave crests;
scattered boulders. Bubbles flowing from sand at four points
during filming.

Biota: young Saccharina subsimplex on several boulders. Also,
barnacles on one boulder, but it could not be determined if
they were alive.

Date: 8/12/09.

Location: 52°10.420'N, 175°32.198'W.

Observation method: 2:30 min drop camera (Jewett, Hoberg).
Conditions: moderate current; visibility ~3-4 m.

Substrate: mud/fine sand over gravel; pockets of gravel.
Biota: no biota.

Date: 6/14/09.

Location: 52°10.775'N, 175°31.649'W (north of the transect).

Observation method: 1:35 min diver video (Chenelot, Esslinger,
Baldwin).
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20 m

Transect 6
10 m

20 m

Conditions: little current; visibility ~10 m.

Substrate: coarse sand, gravel, and scattered boulders.

Biota: along a 25 m transect golden diatom mats interspersed
with filamentous green alga, Urospora sp., on all boulders. A
single brown alga, Eualaria fistulosa or Alaria marginata, was
attached to the underside of a boulder. Also, a single red
alga, Porphyra sp., was present. Five Auklet eggs were near
the anchor.

Samples collected: 3-0.06 m> samples for macrobenthos; 1 water
and 1 sediment sample.

Date: 6/15/09.

Location: no coordinates.

Observation method: 2:45 min drop camera (Chenelot, Esslinger,
Baldwin).

Conditions: moderate current; visibility ~3-4 m.

Substrate: sand waves, with coarser sand on wave crests;
scattered gravel.

Biota: no biota, except for brown layer of diatoms on crest of
sand waves.

Date: 8/10/09.

Location: NW Kasatochi Island; 52°11.000'N, 175°31.342'W;
anchored in a little bight about 75 m from shore; sea lions
were on the points on each side of the bight.

Observation method: 1:25 min diver video (Jewett, Hoberg).

Conditions: weak current; visibility ~10 m.

Substrate: mixed substrate of coarse sand, gravel, cobbles, and
boulders.

Biota: a dense film of brown diatoms on rocks along the 25 m
transect. A silky red alga, Porphyra sp., and a brown alga,
Saccharina subsimplex, were on one large rock. Dead and live
barnacles on few boulders. Few juvenile flatfish ~1-2 cm
long on the sand.

Samples collected: 3-0.06 m> samples for macrobenthos; 1 water
and 1 sediment sample.

Date: 8/12/09.

Location: 52°11.038'N, 175°31.350'W.

Observation method: 3:30 min drop camera (Jewett, Hoberg).
Conditions: moderate current; visibility ~1 m.

Substrate: mud.

Biota: no biota.
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