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DEDICATION

This was an adventurous and risky topic to undertake for a dissertation. Aside
from the usual stress that comes with sea time, data punching, analysis, and writers block
there was uncertainty right up to the end about whethér the necessary submersible time
would be obtained to complete the project. 'Ihfough it all, my parents and wife were
helpful and supportive. Deb was even understanding about my leaving for sea before I
could escort her home from the hospital after she had delivered our son Scott.

I enjoyed this research. Much of it was classic exploration which exposed me to
some wondrous submarine landscapes. These included coral beds, immense geologic
sculptures, and some bizarre animals. All the qolor, scale and history of the subphotic
realm is are a spectacular backdrop to the challenges that monk seals face in their daily

lives. It was a privilege to have a glimpse of it.
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ABSTRACT

Habitat and fish assemblages of the Northwestern Hawaiian Islands were
compared with movement patterns of the endangered Hawaiian monk seal. The seals’
foraging pattern could not be attributed to the area, distance or effort associated with
feeding in reef, bank, slope or subphotic habitats. Seals did not target areas with the
largest fish body size, fish number, or fish biomass. Comparing the fish assemblages
with the fish guilds seals’ are known to eat (derived from scat studies) indicated the fish
composition of the bank and slope habitats were the most similar to the seals’ diet.

Submersible surveys of areas with and without deepwater corals, were conducted
to see if greater fish density, size or biomass were found near deepwater corals, Areas
with tall morpho-types of deepwater corals (e.g. Gerardia sp.) often supported greater fish
densities than adjacent areas without deepwater corals. The guild “benthic hoverer” was
the most commonly seen fish using the coral branches as shelter. However, an analysis of
fish and coral data accounting for habitat effects indicated fish and deepwater corals co-
occur in areas of high relief, each likely exploiting improved flow conditions, with little
inter-dependance.

Fish data were compared with indices of regional primary productivity and insular
predation pressure (including monk seals) from the euphotic zone. Fish density and
biomass weakly agreed with a 3-region model based on satellite sea-surface temperature
measurements. However, this relationship was excluded as not significant from a multiple
regression model that considered insular predation pressure, in particular monk seals. The

size of the nearest colony and its distance from the station best explained the variance in

vi



fish biomass at the subphotic stations surveyed. This suggests that seal populations and
perhaps other species from shallow insular ecosystems are significant subphotic predators

and influence the structure of subphotic fish communities.
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CHAPTER 1. INTRODUCTION

Where and what monk seals eaf is a mystery that scientists and resource managers
of the Northwestern Hawaiian Islands (NWHI) have attempted to address using a wide
variety of methods. The endangered seals (Monachus schauinslandi) (Fig 1.1) differ from
much of the marine community in that their foraging trips can involve movements between
~ summits of the Hawaiian Ridge. This ridge is a series of vplcanic pinnacles that rise from
the abyssal floor of the Pacific plate to form the islands, reefs, banks and seamounts that
comprise the Hawaiian Archipelago. Recent movement data collected on foraging seals
indicates they routinely travel from peak to peak, feeding on the fish communities of the
ridge’s summits and deep slopes. Some of the seals’ movements extend down to subphotic
depths exposing the seals to a broad range of habitats. The scale of the monk seals’
movements gives them a familiarity with the archipelago’s submarine landscape that few
bottom feeding marine animals have. The unexpectedly wide-range seal movements have
challenged some long standing assumption about seals’ habitat use and highlighted the need
for information about prey patterns in the seals’ forage grounds.

One of the highest priorities for those interested in monk seal conservation is to
understand obvious and persistent geographic differences in survivorship between the six
primary seal colonies of the archipelago (Fig 1.2). Recent satellite oceanography has
identified regional differences in oceanic productivity that may influence the seals’

foraging success. However, these oceanographic patterns have yet to be linked to



Figure 1.1. An endangered Hawaiian monk seal at French Frigate Shoals. Photo by
Raymond Boland.
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Figure 1.2. Map of the Hawaiian Archipelago with the major peaks of the ridge labeled
including the six primary monk seal colonies of Kure, Midway, Pearl and Hermes,
Lisianski, Laysan and French Frigate Shoals.




changes in the seal’s prey base. Because the endangered status of monk seal’s has made it
the focus of much study for the last two decades, there is now enough data form a
preliminary description of the seals’ submarine landscape. This work will use this
unpublished data, published literature, and faunal surveys to examine patterns across the
depths that seals forage (vertical patterns) and will test for latitudinal differences in habitat
and oceanic productivity (horizontal patterns) that could explain the varied survivorship
among seal colonies. This opening chapter reviews literature relevant to the study of
Hawaiian monk seal foraging patterns, addressing both vertical and horizontal patterns.
The second chapter is dedicated to the vertical analysis and two chapters to the horizontal
analysis. Each will detail hypotheses, methods, findings and discuss the research
conducted. The final chapter is a geographic synthesis of the findings from the earlier

chapters.

VERTICAL GEOGRAPHIC PATTERNS
Secondary data sources

Monk seals have been resident in the Hawaiian Archipelago for millions of years
(Ragen and Lavigne 1999) and cluster around six atoll reef systems that have sand islets on
which the seals deliver and nurse their pups. Total population is estimated between 1200
and 1400 individuals. Populations of the six different seal colonies range between 71 and
342 individuals (Johanos .:md Baker 2002). Because of the limited haulout areas and
documented declines in their populations’ the monk seal was listed as an endangered

species in 1976. The seal populations are monitored on an annual basis by staff of the



National Marine Fisheries Service (NMFS), which conduct tagging studies and track the
births and survivorship of each year’s cohort (Gilmartin et al. 1993, Craig et al. 1994, Craig
et al. 1995, Gilmartin and Eberhardt 1995, Craig et al. 1996, Craig et al. 1997, Craig et al.
1999). Annual beach counts of tagged seals at all the colonies indicates there is little
movement of seals between colonies suggesting that seals primarily feed in nearby waters.
However, little work has addressed the habitats and associated prey communities used by
these seals.

Of the six seal colonies, French Frigate Shoals (FFS) is the largest, and concern
about poor seal survivorship (an annual reduction by 5-6%) at this éolony has made it a
focus of study. Three types of studies are needed to describe the seals’ foraging landscape;
these involve diet information, movement data, and surveys of habitat and the communities
within them. The data types will be discussed briefly below, and specific data sets to be

used in this analysis will be identified.

Seal diet
The diet of the monk seal is poorly known, and the best data come from studies
examining prey fragments found in seal scats left on the beach (Kenyon and Rice
1959, Kenyon 1981, Delong et. al. 1984). Goodman-Lowe (1998) did the most
complete study using this technique. Her study spanned 3 years and included five
of the six seal colonies in the NWHI FFS was the best sampled of the coloniés,
with diet determined from 361 scats. The dominant prey items across all the

colonies reported by Goodman-Lowe were families of benthic and epibenthic reef



fish and invertebrates. A primary source of bias in the use of scat data are the rates
of passage through the seals’ digestive system. Prey eaten at distant locations, such
as neighboring banks, are likely to pass through the monk seal’s digestive system, in
as little as 9 h (Goodman-Lowe et al. 1997), well before the seal returns to the
beach where it could leave a scat to be collected by researchers. Because of this, the
diet information from the scat data are expected to best represent prey taken in the
nearby shallow coral reefs. Regardless, the findings of this study are based on
extensive sampling and provide the most comprehensive diet model for the monk

seal.

Movement Data
Seals show a high degree of fidelity to their own colony but are capable of inter-
island travel (Fairaizi 1984). Re-sights of tagged animals from annual census of
séals at each of the six colonies indicate that less than 10% of the Hawaiian
population travels between colonies (Johanos and Baker %000). However, studies
employing telemetry equipment mounted on seals show that movements and dive
patterns range far from the host atoll during foraging trips. The seals’ activities are
clustered along the peaks ’of the atolls and banks of the Hawaiian ridge and suggest
that the animals do not range out in the open ocean (Schlexer 1984, Deloﬁg et al.
1984, Stewart 1998). One of the most extensive studies was conducted at FFS by
Abernathy (1999) using satellite linked time depth recorders. FFS seals were

documented to have behavior similar to those in the previous studies using the



submerged summits and slopes of banks that neighbor FFS. These seals ranged
more than 160 km from their atoll on these foraging trips. A small percentage of
FFS seals concentrated their diving below the photic layer (>300 m). Tags reported
the activities of the 24 instrumented seals for an average duration of six months,
revealing that many seals returned to the same grounds. Other telemetry data
collected farther north at Pearl and Hermes Atoll (Stewart 1998) contrasted with the
FFS data by showing nearly all tagged seals feed closer to the atoll and at shallower
depths. The differing foraging patterns between the two seal colonies could be
related fo differences in prey availability driven by regional productivity and the

seals’ foraging success.

Surveys of the prey community
Surveys documenting fish number, fish size and overall fish biomass density by
habitat type have been conducted by the National Marine Fisheries Service, Pacific
Island Fisheries Science Center in an attempt to update parameters in revision of a
trophic model of the coral reef ecosystem called ECOPATH (Polovina 1984).
These surveys use divers, remote operated vehicles, trawls, and submersibles with
established survey methods to collect information on the fish community. All of
these surveys measure the area they survey to normalize comparisons between sites.
Much of this work has been focused on areas where seals are known to concentrate
their foraging activity. Whenever possible, information from studies using seal

mounted video cameras has been relied upon to identify habitats that are important



forage grounds (Parrish et al. 2000, 2002, In review).

Sealé and their foraging habitat

All available data (reviewed above) indicates that seals feed on fish that are bottom
associated. This is supported by prey items found in the scats, activity patterns from seal
* telemetry focused on the Hawaiian ridge (not in the open ocean), and recent work using
video cameras attached to seals that show all seals feeding on the bottom. For this reason,
the treatment of the seal’s foraging landscape will be limited to the ecosystems on the
summits of the Hawaiian Ridge. As stated earlier, unlike most insular marine taxa, monk
seals can choose to move between reef ecosystems of the summit peaks or dive to feed in
deeper communities. The seal’s prey types may change with the faunal compositioﬁ of
deeper fish communities. The physiography of the summits will, to a large degree,
determine the composition of the fish community and may dictate its value as a prey source
~ for monk seals.

The Hawaiian volcanic ridge has been modified by a long history of sea level
change, with the summits corresponding well with general notions about the glacio-eustatic
cycles (Grigg and Epp 1989), although a specific chronology for the summits, terraces and
sea level notches has not been developed. Based on their morphology and faunai
communities, the summits of peaks in the FFS region can be divided into four depth related
zones (Fig. 1.3). The first obvious zone is the shallow “reef” of FFS (<20 m) that hosts the

sand islets where the monk seal subpopulations rest and rear their
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young. Seals can haul out at the NW and SE extremes of their foraging range
(Abernathy 1999) on the emergent unprotected rock pinnacles of Gardner and Necker
Banks, but the protected water of the shallow reef at FFS atoll provides the seals’ primary
residence. The next most prominent zone consists of the submerged “banks” at 30-50 m
that occur SE and NW of FFS. The extensive and uniformly level summits of these banks
indicate a prolonged low stand of sea level. A number of studies on sea level chronology
have been conducted in the main Hawaiian Islands addressing marine terraces (Jones
1993, Fletcher and Sherman 1995) and subsidence rates (Campbell 1986, Grigg 1997).
Prolonged low stands of sea level, which could correspond with bank summit depths, have
been proposed to date from as recently as 8 or 9000 yrs ago (Fletcher and Sherman 1995).
These bank tops support minimal coral coverage and are primarily covered with sand and
algae. At the edge of the reef or bank, the “slope” zone begins. At the base of the steepest
slope segments, often around 60 m depth, talus accumulates, with smaller sizes of rubble
sorting below. At 80-100 m are found extensive sand pools on a terrace, and then the
slope continues steeply down to 300 m. Deepwater black corals (Cirripathes sp.) are often
seen ~200 m deep, growing on the carbonate remnants of prehistoric coral reef complexes
or lithified carbonate sand fields. The slope decreases significantly at ~300 m. At this
depth, light is well beiow the level needed for photosynthesis, this fourth zone will be
called “subphotic.” Bottom types include carbonate, basalt, manganese crust and sand

with occasional patches of deepwater corals in areas of high current flow.
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