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Editor’s note: This year we have added the latest data points to the Aleutian Islands Report Card,
but did not due any indepth analysis due to the lack of new survey information. In this section we
include the description of the ecoregions and explanations of the indicators from past assessments.

The Aleutian Islands ecosystem assessment area

The Aleutian Islands ecosystem assessment and Report Card are presented by three ecoregions.
The ecoregions were defined based upon evidence of significant ecosystem distinction from the
neighboring ecoregions. The ecosystem assessment team also concluded that developing an assess-
ment of the ecosystem at this regional level would emphasize the variability inherent in this large
area, which stretches 1900 km from the Alaska Peninsula in the east to the Commander Islands
in the west. For the purposes of this assessment, however, the western boundary is considered the
U.S. - Russia border at 170oE.

The three Aleutian Islands ecoregions are defined from west to east as follows (Figure 18). The
Western Aleutian Islands ecoregion spans 170o to 177oE. These are the same boundaries as the
North Pacific Fishery Council fishery management area 543. This ecoregion was considered to
be distinct from the neighboring region to the east by primarily northward flow of the Alaska
Stream through wide and deep passes (Ladd, pers. comm.), with fewer islands relative to the other
ecoregions.

The Central Aleutian Islands ecoregion spans 177oE to 170oW. This area encompasses the North
Pacific Fishery Council fishery management areas 542 and 541. There was consensus among the
group that the eastern boundary of this ecoregion occurs at Samalga Pass, which is at 169.5oW,
but for easier translation to fishery management area, it was agreed that 170oW was a close ap-
proximation. The geometry of the passes between islands differs to the east and west of Samalga
Pass (at least until Amchitka Pass). In the Central ecoregion the passes are wide, deep and short.
The Alaska Stream, a shelf-break current, is the predominant source of water (Figure 19). There
is more vertical mixing as well as bidirectional flow in the passes. This delineation also aligns with
studies suggesting there is a biological boundary at this point based on differences in chlorophyll,
zooplankton, fish, seabirds, and marine mammals (Hunt and Stabeno, 2005).

The Eastern Aleutian Islands ecoregion spans 170oW to False Pass at 164oW. The passes in this
ecoregion are characteristically narrow, shallow and long, with lateral mixing of water and north-
ward flow. The prominent source is from the Alaska Coastal Current, with a strong freshwater
component. This area encompasses the NPFMC fishery management areas 518, 517 (EBS) and the
western half of 610 (GOA).

Indicators

The suite of indicators that form the basis for the assessment was selected to provide a compre-
hensive view of the Aleutian Island ecosystem reflecting across trophic levels from the physical
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Figure 18: The three Aleutian Islands assessment ecoregions. Seabird monitoring islands are indicated
by arrows.

 
Figure 19: Ocean water circulation in the Aleutions. Currents are indicated with black lines. Passes
are indicated with white lines. Image from Carol Ladd.

79



environment to top predators and humans, as well as both the nearshore and offshore. Ideally,
they could be regularly updatable across all ecoregions, thereby characterizing a global attribute
with local conditions. Although a single suite of indicators were chosen for the entire ecosystem,
not all are available or applicable in each of the three ecoregions. The final selection reflected the
limitations of available data sets for this region.

1. Winter North Pacific Index anomaly relative to the 1961-2000 mean

2. Reproductive anomalies of planktivorous least auklet and crested auklets as indicators of
zooplankton productivity

3. Proportions of Ammodytes, gadids, and hexagrammids in tufted puffin chick diets

4. Apex predator and pelagic forager fish biomass indices

5. Sea otter counts

6. Steller sea lion non pup counts (juveniles and adults)

7. Percent of shelf <500m deep trawled

8. K-12 enrollment in Aleutian Islands schools

Winter North Pacific Index The North Pacific Index (Trenberth and Hurrell, 1994), the area
weighted mean sea level pressure over the region 30o - 65oN, 160oE - 140oW, is a widely used measure
of the intensity of the Aleutian Low. A negative winter (November - March) NPI anomaly implies
a strong Aleutian Low and generally stormier conditions. It has been suggested that correlations
between a strong Aleutian Low and decreased seabird productivity in the Aleutian Islands may
be due to decreased prey (zooplankton) availability (Bond et al., 2011). The winter index is the
average NPI from November through March (year of January), and the anomalies are normalized
by the mean (8.65) and standard deviation (2.23) for 1961-2000.

Reproductive anomalies of planktivorous least auklet and crested auklets Least auklets
(Aethia pusilla) and crested auklets (A. cristatella) are small, abundant seabirds that nest in the
Aleutian Islands. The USFWS stations field biologists to monitor auklet chick diets and reproduc-
tive success annually at Buldir Island and less frequently at other islands on which they occur. Both
species are planktivorous and dive to capture their prey. Least auklet chick diets are mainly com-
posed of Neocalanus cristatus, N. plumchrus, and N. flemingeri. Crested auklet chick diets consist
of mainly Euphausiacea and N. cristatus. Due to the lack of time series of direct measurements of
zooplankton in the Aleutian Islands, the team selected reproductive anomalies of least and crested
auklets as indicators of copepod and euphausiid abundance, respectively. Reproductive anoma-
lies were selected as the metric of interest instead of chick diets because reproductive success is
an integrative indictor of ecosystem productivity and forage for planktivorous commercially-fished
species.

Reproductive success is defined as the ratio of number of nest sites with a fledged chick to the
number of nest sites with eggs. In the Western ecoregion, reproductive success of least and crested
auklets were recorded annually at Buldir Island from 1988-2010 with the exception of 1989 and 1999.
In the Central ecoregion, reproductive success was monitored annually at Kasatochi Island from
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1996-2007. In 2008 a volcanic eruption covered the monitored colony in ash, disrupting breeding. It
is unknown when auklets will nest there again and if so, whether observations will continue. Data
were extracted from reports produced by the Alaska Maritime National Wildlife Refuge.

Proportions of hexagrammids, gadids, and Ammodytes in tufted puffin chick diets
Tufted puffins (Fratercula cirrhata) are medium-sized seabirds that nest in varying densities through-
out the Aleutians. The USFWS stations field biologists to monitor puffin chick diets annually at
Buldir and Aiktak Islands (Figure 18) and less frequently at other Aleutian islands on which they
occur. Puffins carry multiple prey items in their bills when they return to their colonies to feed
their chicks. Forage fish and squid comprise most of puffin chick diets. In the absence of di-
rect measures of forage fish abundance, time series of percent biomass of hexagrammids, gadids,
and Ammodytes in puffin chick meals were selected as indicators of forage fish recruitment and
system-wide productivity.

Apex predator and pelagic forager fish biomass indices We present two foraging guilds to
indicate the status and trends for fish in the Aleutian Islands: apex predators and pelagic foragers.
Each is described in detail below. This guild analysis was based on the time series available as
part of the NOAA summer bottom trawl survey for the Aleutian Islands (Western and Central
ecoregions) and the Aleutian Islands and Gulf of Alaska combined (Eastern ecoregion). These two
guilds are based on the aggregation of Aleutian species by trophic role, habitat and physiological
status. The species included in each guild are listed in Table 3.

Table 3: Species included in foraging guild-based fish biomass indices for the Aleutian Islands

Fish Apex Predators Pelagic Fish Foragers

Pacfic cod Atka mackerel
Pacific halibut Northern Rockfish
Arrowtooth flounder Pacific ocean perch
Kamchatka flounder Walleye pollock
Rougheye rockfish
Blackspotted rockfish
Large sculpins
Skates

Time series for the Western and Central ecoregions are based on data collected from the AI bottom
trawl survey. The Eastern ecoregion time series is a composite of the Aleutian Islands survey,
which samples the northern portion of the islands, and the Gulf of Alaska survey, which samples
the southern portion. Since surveys in these two areas are conducted in different years, the biomass
estimates represent the closest pair of years pooled together to get a total biomass estimate for the
shelf region (0-500m). This time series excludes deep-water species such as sablefish and grenadiers,
as most are found deeper than the trawl survey samples. The Team acknowledges that these would
be good to include, but that the trawl survey does not sample them well.
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Sea otter counts Sea otters (Enhydra lutris) counts were selected as a representative of the
nearshore Aleutian environment. The >300 islands which make up the Aleutian chain provide
extensive nearshore habitat. Sea otters are an integral component of the coastal ecosystems in
which they occur. Sea otter predation limits the distribution and abundance of their benthic
invertebrate prey, in particular herbivorous sea urchins. Otter-induced urchin declines increase
the distribution and abundance of kelp in Alaska (Estes and Duggins, 1995) and in other areas
of their range (Breen et al., 1982; Kvitek et al., 1998). This trophic cascade initiated by sea
otters has indirect effects on other species and processes. Kelp forests are more productive than
habitat without kelp (a.k.a. “sea urchin barrens”), fixing 3-4 times more organic carbon through
photosynthesis (Duggins et al., 1989). This increased primary production results in increased
growth and population size of consumers such as mussels and barnacles (Duggins et al., 1989). Rock
greenling (Hexagrammos lagocephalus), a common fish of the kelp forests of the Aleutian Islands,
are an order of magnitude more abundant in kelp forests than in sea urchin barrens (Reisewitz
et al., 2006). Kelp forests likely function as nearshore habitat for other Aleutian Islands fish, such
as the related Atka mackerel (Hexamgrammos monopterygius). Sea otter impacts on kelp forests
also influence the behavior and foraging ecology of other coastal species such as Glaucous Winged
Gulls (Irons et al., 1986) and Bald Eagles (Anthony et al., 2008).

Sea otter survey methods are detailed in Doroff et al. Doroff et al. (2003). Skiff-based surveys
of sea otters were conducted several times during 2003, 2005, 2007, 2009 and 2011 at Amchitka
Island, Kiska and Little Kiska Islands, Attu Island, Agattu Island, Rat Island and the Semichi
Islands when viewing conditions were good to excellent (Beaufort sea state of 1-2, and .1 km of
clear visibility at sea level). Full surveys were not conducted in 2011 at Kiska and Little Kiska
Islands, in 2003 at Rat Island, and in 2005 and 2011 at the Semichi Islands. Two or more observers
counted sea otters from a 5.2-m skiff as it was run parallel to shore along the outer margins of
kelp (Alaria fistulosa) beds at 15-22 km/h. Sea otters were counted with the unaided eye, using
binoculars to confirm sightings or to count animals in large groups. The shoreline of each island was
divided into contiguous segments, each 3-10 km in length and separated by distinctive topographic
features (e.g., prominent points of land). Counts were recorded separately for each section. To
maximize the time series available for this assessment, only counts of otters at Attu are presented
for the Western ecoregion and counts at Amchitka for the Central ecoregion.

Steller sea lion non pup counts Counts of adult and juvenile Steller sea lions (Eumetopias
jubatus) are used in the Aleutian Island ecosystem assessment to represent the status of an apex
piscivorous predator whose diet consists primarily of commercially-fished species. The Steller sea
lion inhabits coastal regions of the North Pacific Ocean, breeding in summer on terrestrial rookeries
located from California north throughout the Gulf of Alaska, the eastern Bering Sea, the Aleutian
Islands, Kamchatka Peninsula, Sea of Okhotsk, and the Kuril Islands (NMFS, 2010). The Steller
sea lion is the world’s largest member of the Otariidae family of pinnipeds. On average, Steller sea
lions consume 6-10% of their body weight per day, but during lactation, energy intake by adult
females may increase by as much as 3-fold (Keyes, 1968; Winship et al., 2002; Williams, 2005).
Steller sea lions are generalist predators and consume a wide variety of fish and cephalopods in
habitats ranging from nearshore demersal to offshore epi-pelagic, with local diets reflecting the
species composition of the local fish community (Pitcher and Fay, 1982; Riemer and Brown, 1997;
Sinclair and Zeppelin, 2002; Waite and Burkanov, 2006; Trites et al., 2007; McKenzie and Wynne,
2008; Fritz and Stinchcomb, 2005). In the Aleutian Islands, the diet consists largely of Atka
mackerel, followed by salmon, cephalopods, Pacific cod, sculpins and walleye pollock (Sinclair and
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Zeppelin, 2002). Unlike phocid pinnipeds, otariids do not have large blubber (energy) stores, and
as a consequence, require reliable access to predictable, local prey aggregations to thrive (Williams,
2005; Sigler et al., 2009).

Status and trend of Steller sea lion populations in Alaska are assessed using aerial photographic
surveys of a series of ’trend’ terrestrial haul-outs and rookeries that have been consistently surveyed
each summer breeding season, when the proportion of animals hauled out is the highest during the
year (Sease and York, 2003). Since 2004, NMFS has used high-resolution vertical photography
(computer-controlled camera mounted in the belly of the plane) in its sea lion surveys in Alaska.
This replaced the oblique, hand-held photographic techniques used from the first surveys in the
1960s and 1970s through 2002. Counts from vertical high resolution photographs were found to be
3.6% higher than those from oblique photos, necessitating the use of a correction factor to correctly
compare recent counts with the rest of the time series (Fritz and Stinchcomb, 2005). Trend sites
include the vast majority (>90%) of animals observed in each survey. Adults and juvenile (non-pup)
numbers used for population trend assessment are sums of counts at trend sites within sub-areas or
across the range of the western DPS in Alaska (NMFS, 2010). Replicate surveys conducted in the
summers of 1992 and 1994 indicated that sub-area trend site counts of non-pups are stable within
each breeding season (coefficients of variation of ∼5%; NMFS, unpublished data).

In our Aleutian Island ecosystem assessment, counts of adult and juvenile Steller sea lions at
trend sites are used to indicate of the ’health’ of apex piscivores whose diet consists primarily of
commercially-fished species. The survey sites used in the assessment are:

� Western (172-177oE; 10 sites in the Near Island group and Buldir west of Kiska),

� Central (177oE to ∼170oW; 62 sites in the Rat, Delarof, and Andreanof Island groups, plus
the Islands of Four Mountains), and

� Eastern ecoregions (163-170oW; 30 sites in the Fox and Krenitzen Islands, on Unimak Island,
and on and near Amak Island in the southeastern Bering Sea)

Percent of shelf <500m trawled The annual and cumulative percentage of AFSC RACE 5
km x 5 km survey cells with observed commercial trawling, was developed from the North Pacific
Observer Program foreign and domestic database in the Aleutian Islands region in waters with a
bottom depth shallower than 500 meters. For the annual index, a cell is counted as trawled if there
is a single trawl in the cell for that year. For the cumulative index, a cell is counted as trawled if
there is a single observed trawl end position in the cell for the entire time series in each period: 1977-
1989, 1990-1999, 2000-2010. Periods were chosen based on significant policy changes: 1990 marks
the start of the domestic fisheries, while in 1999 and 2000 the US government issued emergency
interim rules to further protect Steller sea lions. These rules expanded the number of seasonal and
year-round pollock trawl exclusion zones around important rookeries and haulouts, implemented
measures to disperse pollock fishing effort spatially and tempoarlly, and closed the Aleutian Islands
to pollock trawling; additional restrictions were placed on the Atka mackerel fishery in the AI. New
extensive protection measures for Steller sea lion were implemented in 2011 which significantly
expand closures.

The time series begins in 1977 for both indices. These indices measure the annual and cumulative
impacts of trawling on AI shelf habitat within each eco-region, allowing for an evaluation of changes
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in these indices. Increases in the cumulative index are thought to indicate an expansion of the trawl
fisheries into previously untrawled areas. Caution should be taken in the interpretation of these
indices because only observed effort is included and changes in the indices may be influenced by
changes in observer coverage. For example, a large increase in the annual and cumulative indices
can be seen in 1991, when the domestic fishery observer program was implemented. Further, the
implication of these indices is that the impact of a single trawl is the same as multiple trawls in
an area, this is a gross simplification. Future work should concentrate on assessing the appropriate
weighting of trawl impacts on different habitat types and defining habitat types in the Aleutian
Islands region.

K-12 enrollment in Aleutian Islands schools The number of children enrolled in schools
was selected as an indicator of vibrant, sustainable communities in the Aleutian Islands ecosystem.
Community residents are closely tied to the ecosystem through sense of place and daily experience
and activity. Enrollment statistics for kindergarten through twelfth (K-12) grades by school and
region were compiled for the years 1996 through 2014 (http://www.eed.state.ak.us/stats/).
School enrollment numbers fluctuate widely and serve to highlight the difficulties in maintaining
sustainable communities within the Aleutian Islands ecosystem.
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