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AN EXAMINATION OF MORPHOLOGICAL AND BIOLOGICAL TRAITS OF
DOMINANT MARINE PLANTS THAT REGULATE PATTERNS OF MESOGRAZER
COMMUNITIES
YUSHENG M. HUANG
ABSTRACT

The distribution and abundance of mesograzers associated with marine plants
including Antarctic macroalgae and tropical seagrasses were examined. The first chapter
describes the distribution and abundance of gammarid amphipods associated with eight
dominant subtidal macroalgae along the western Antarctic Peninsula. Higher abundances
of amphipods occurred on the moSt morphologically complex macroalgae. Population
densities of each amphipod species and amphipod species composition were similar
within the same algal species but dissimilar on different algal species. Samples collectéd
from different sites indicated that although the structure of species-specific macroalgal-
associated amphipod communities can vary across spatial scales of 3 km, 50 % of the
macroalgal species examined showed no significant inter-site differences in associated
amphipod community structure.

The second chapter examines the feeding rates of three common Antarctic
gammarid amphipods on ecologically important macroalgae. Feeding bioassays
¢mploying both fresh algal tissues and alginate food pellets containing homogenized
algal tissues illustrated that the relative palatability of sympatric macroalgae varied in
three species of common gammarid amphipods. One of the examined amphipods,
Metaleptamphopus pectinatus failed to consume measurable quantities of fresh thalli and

is likely to feed on epiphytes. Regression analysis indicated that feeding rates of the

amphipods on alginate food pellets were not significantly correlated with macroalgal

i
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nutritional qﬁality. Therefore, differences in amphipod macroalgal palatability are most
likely related to other factors including physical and/or chemical deterrents.

| The third chapter describes seasonal fluctuations of mesofaunal communities
associated with two ‘seagrass species and their associated epiphytes in Saint Joseph Bay,
Florida. Samples collected over all 12 months revgaled that T. testudinum seagrass
blades harbored the highest levels of mesofaunal species richness and species diyersity
during the summer months. In contrast, aboveground blades of Hdlodule wrightii were
only found in six months of the study and the highest levels of mesofaunal species
richness and species diversity occurred in October. A positive correlation occurred
between epiphyte biomass and abundances of blade-associated mesofauna in some of but
not all months for both seagrass species. Blade-associated mesofaunal communities,
(population densities and species composition) that occurred in association with blades of

the two seagrasses were significantly different from one another.

iii
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INTRODUCTION

Mesograzers provide important linkages between trophic levels in terrestrial,
aquatic and marine ecosystems (Schoenly et al. 1991, Brawley 1992, Crist 1998, Iken et
al. 1998). In addition, mesograzers are often dominant primary consumers and key prey
for a broad suite of generalist and specialist predators (Sparrevik & Leonardsson 1999).
Therefore, both the distribution and the abundance of this important assemblage of
grazérs may be indicative of the condition and stability of ecosystems (Guerra-Garcia &
Garcia-Gomez 2001). The ecology of terrestrial mesograzers, in particular the insects,
has been the focus of a broad array of studies over an extensive period of years (Bernays
& Woodhead 1982, BernaysA 1986, 1989, Fahrig & Jonsen 1998). In contrast, studies of
marine mesograzers and their relationships with their associated environments (e. g. hard
and soft substrata, marine plants, etc.) has more recently attracted the attention of
ecologists (Steinberg 1985, Hay et al. 1987, Hay et al. 1990, Bell 1991, Steinberg &
Altena 1992, Duffy & Hay 1994, Van Alstyne et al. 1999, Cruz-Rivera & Hay 2000a,
2000b, 2001, Dufty et al. 2001, Van Alsfyne et al. 2001).

Distributing across an extensive suite of marine environments, marine gastropods,
amphipods, isopods, along with other smaller taxa of herbivores are commonly
recognized as mesograzers. While some occur free living within the water column or are
found in association with inanimate material such as rock or sand substrata, most are
closely associated with living substrates including macroalgae (Hay & Fenical 1988, Hay

1997, Hay et al. 1998, Lippert et al. 2001), seagrasses and their associated epiphytes
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(Nelson 1980, Nelson et al. 1982, Stoner 1983, Lewis 1984, Edgar 1992, Orth 1992,
Jernakoff et al. 1996, Jernakoff & Nielsen 1997), bryozoans (Coleman 1989), and benthic
macroinvertebrate sponges and ascidians (Thiel 2000). These divefse living substrates
may provide mesograzers with a variety of distinctive resources including food, and
refuge from predatioh and/or ehvironmental stresses (Duffy & Hay 1991).

In previous studies, both biological and phyéical factors that regulate the
distribution and abundé.nce of mesograzers associated with marine plants, and especially
seagrasses, have been broadly studied (Hay & Fenical 1988, Hughes & Gliddon 1991,
John et al. 1992, Jernakoff et al. 1996). These studies have demonstrated that epiphytic
structure and composifion (Mukai & Iijima 1995, Pavia et al. 1999), plant chemical
defenses (Stachowicz & Hay 1999), predation pressure (Wooster 1998, Sparrevik &
Leonardsson 1999), complexity of the habitat (Lubchenco 1978, Parker et al. 2001), and
hydrological conditions (Aikins & Kikuchi 2001, Duggins et al. 2001) can all, to varying
degrees, influence aspects of patterns of distribution and abundance of mesograzers.
While all of these studies have been conducted to date in temperate and tropical marine
systems, it is likely that mesograzers in polar marine systems also associate with marine
plants and that these interactions are important in understanding the dynamics of these
communities.

Investigations of the ecology of near-shore of Antarctic benthic communities
began in earnest in the 1966’5 and 1970’s (Neushul 1965, Dayton et al. 1974, DeLaca &
Lipps 1976, Moe & DeLaca 1976). Particular attention has been given to the shallow
hard and soft bottom benthic invertebrate communities along the continent (Zaneveld

1966, Richardson 1977, Battershill 1990, Dayton 1990, Jazdzewski et al. 1991a, 1991b,
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Gambi et él. 1994, Blazewicz & Jazdzewski 1996, Jazdzewski & Konopacka 1999,
Nonato et al. 2000, Jazdzewski et al. 2001, Takeuchi & Watanabe 2002). Antarctic
marine macrophytes, while often. less abundant in continental waters, are extremely
abundant along the Antarctic Peninsula and are commonly associated with a diverse
assemblage of epibenthic organisms that encompass a wide range of trophic habits
(Dhargalkar et al. 1988, Iken et al. 1998, Takeuchi & Watanabe 2002). For example,
some epifaunal grazers may consume epiphytic colonizers in addition to host plants
(Mukai & lijima 1995, Karez et al. 2000). Both abundant in biomass (up to 1.64 —6.34
wet kilograms per meter square (Amsler et al. 1995) and diversity (approximately 120-
130 species; Wiencke & Clayton 2002), the macroalgae of the Antarctic Peninsula are
known to provide a significant food resource for grazing sympatric molluscs, annelids,
crustaceans, and fish (Iken et al. 1997, 1998). However, different algal species are
apparently not consumed in equal frequency to their abundance as some species are
frequently found in the gut contents of common herbivores whereas others are rarely

- ingested. Such observations have led to studies focusing on understanding whether
chemical defenses mediate these patterns of grazing by sympatric Antarctic herbivores,
including fish, gastropods and amphipods (Amsler et al. 1998, McClintock & Baker 1998,
Amsler et al. 2001, McClintock & Baker 2001). While the role of Antarctic macroalgae
in macrograzer (e. g. sea urchins, omnivorous fish) food webs has received some
attention (Iken et al. 1997, Amsler et al. 1998, Iken et al. 1998), very little is known about
the role of algal foods on mesograzers such as the particularly abundant amphipods.
Moreover, there have been no studies of the effects of macroalgal diets on growth and

survival of Antarctic mesograzers. Thus, further studies are needed to examine the role
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of macrophytes in providing food and structural refuge to common Antarctic mesograzers
such as amphipods along with the effects of macrophytes as prey on the mesograzers
themselves.

In striking contrast to our current understanding of the factors influencing the
ecology of macroalgal Antarctic communities, the ecology of marine seagrass meadows
and their associated fauna and epiphytes have been intensively studied (Nelson et al.
1982, Lewis & Stoner 1983, Lewis 1987, Edgar 1992, Orth 1992, Valentine & Heck
1993, Thom et al. 1995, Jernakoff et al. 1996, Bologna & Heck 1999, Bostrom & Mattila
1999, Leonard & McClintock 1999, Beddingfield & McClintock 2000, Duffy et al. 2001,
Lee et al. 2001, Schanz et al. 2002). This is because of their ecological importance and
relative accessibility (Hemminga & Duarte 2000). Seagrass meadows both directly and
indirectly supply a wide range of resources for marine macro- and mesofauna including
refuge for juvenile and adult life stages of invertebrates and fish (Schneider & Mann
1991a, 1991b), arich source bf prey (Buck et al. 2003), facilitation of locating mates,
and abundant plant substrates for plant and animal recruitment (Kendrick & Hawkes
1988, Rooker et al. 1998, Bologna & Heck 2000). The subsequent effect of these factors

| is that the species diversity of epifaunal communities within seagrass is on average much
higher than that in neighboring areas (Lewis 1984, Valentine & Heck 1993).
‘Both field manipulations (e.g. caging and tethering) and laboratory experiments
(e.g. microcosm and mesocosm design) have all been used to demonstrate the
mechanisms contributing to increase abundances of invertebrates and fish within seagrass
beds. Although mesograzers are known to feed on diatoms and drift and coralline algae

encrusting seagrass blades, seagrass can also be a direct food resource for abundant
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mesograzers such as isopods (Bostrom & Mattila 1999). Studies to date on chemically .
regulated seagrass-animal interactions have mainly focused on the role of seagrasses
influencing the settlement of marine invertebrate larvae; however, seagrasses are also
potential candidates to harbor chemical defenses agéinst crustacean mesograzers
(McMillan et al. 1980). Studies of seasonal variation of mesofaunal comfnunities
associated with seagrasses are required in order to further determine whether chemical
(feedihg deterrent), physical (morphology, toughness) or biological (nutrient composition,
epibionts) characteristics of seagrasses are related to patterns of associated mesofauna.

In the broad picture, this dissertation investigates factors influencing the
distribution and abundance of mesograzers associated with macroalgae Qf the polar
Antarctic Peninsula and seagrasses of temperate/subtropical northern Gulf of Mexico,
respectively. While all taxonomic groups of mesograzers are included in the descriptive
analysis of both polar and temperate/subtropical plant communities, an emphasis is
placed on gammarid amphipods in the experimental sections of the Antarctic research as
they are among the most common mesograzers.

The first chapter describes the distribution and abundance of gammarid
amphipods associated with eight dominant subtidal macroalgae along the western
Antarctic Peninsula. The second chapter examines the feeding rates of three common
Antarctic gammarid amphipods on ecologically important sympatric macroalgae. The
third and final chapter desc‘ribes the seasonal fluctuations of mesofaunal communities

associated with two sympatric seagrass species and their associated epiphytes.
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ABSTRACT

The distribution and abundance of gammarid amphipods associated with eight
ecologically dominant species of macroalgae were examined near Palmer Station, Anvers
Island, on the western Antarctic Peninsula (64°46’ S, 64°03° W). Divers collected ten
individuals of each targeted macroalga, five each from two different subtidal sampling
sites, enveloping each alga quickly in large mesh bags (mesh < 0.5 mm) to capture all
associated epifauna. Samples were washed onto a sieve (0.5 mm) and all amphipods
sorted to the lowest taxon possible. A suite of algal morphometrics was determined for
each species includihg canopy, thallus, and interstitial volumes, as well as the order and
number of branches. A total of 78,415 individuals belonging to 32 amphipod taxa were
identified with mean abundances ranging up to 20 individuals g’ algal wet wt.
Regression analyses showed that higher abundances of amphipods occurred on the most
structurally complex macroalgae including Desmarestia menziesii, D. anceps, and
Plocamium cartilagineum. Non-metric multidimensional scaling (MDS) analysis
demonstrated that the population densities of each amphipod species and amphipod
species composition were similar on the same algal species but dissimilar on different
species of algae. The most abundant amphipod taxa, Metaleptamphopus pectinatus and
Oradarea spp., were found to associate predominately with the brown alga D. menziesii,
while a third common taxon, Jassa spp. occurred primarily in association with the red
alga Plocamium cartilagineum. Comparisons of amphipod communities associated with

a given algal species but collected from a different sampling site indicated that although
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the structure of species-specific macroalgal-associated amphipod communities can vary
across spatial scales of 3 km, 50 % of the macroalgal species examined showed no
significant inter-site differences in associated amphipod community structure. Compared
to nearshore benthic macroalgal communities in temperate and Arctic habitats, antarctic
gammarid amphipods dominate mesograzer communities. As many Antarctic amphipods
are known consumers of macroalgae, their remarkable abundances are likely to play a
significant role in mediating energy and nutrient transfer in nearshore Antarctic -

Peninsular macroalgal communities.

INTRODUCTION

Mesograzers provide key linkages within and across trophic levels in terrestrial
and aquatic ecosystems (Schoenly et al. 1991, Brawley 1992, Crist 1998, Iken et al.
1998). Therefore patterns of abundance, distribution, and.species composition of this
functional suite of organisms may be indicative of both the condition and the stability of
ecosystems (Guerra-Garcia & Garcia-Gomez 2001). Investigations of marine
mesdgrazers and their relationships with associative habitats has increasingly attracted
attention (Steinberg 1985, Hay et al. 1987, 1990, Bell 1991, Steinberg & Altena 1992,
Duffy & Hay 1994, Van Alstyne et al. 1999, 2001, Cruz-Rivera & Hay 2000b, 2000a,
2001, Duffy et al. 2001).

Herbivorous representatives of the Crustacea (e.g., isopods and especially
amphipods) and Mollusca (e.g., gastropods) along with a variety of additional minor taxa
(referred to collectively as bmesograzers) inhabit a wide suite of marine environments

spanning intertidal to abyssal depths and tropical to polar latitudes (Russo 1990, Pennings
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et al. 1993, Iken et al. 1998, Wakefield & Murray 1998, Pavia et al. 1999, Jormalainen et
al. 2001, Arroyo et al. 2004, Taylor & Steinberg 2005, Wessels et al. 2006). With diverse
lifestyles, mesograzers encompass free-living planktonic and benthic organisms as well
as those intimately assbciated with a variety of both living and inert substrates. Perhaps
the largest proportion of mesograzers occur in association with other living organisms
including seagrasses and their associated epiphytes (Nelson 1980a, Nelson et al. 1982,
Stoner 1983‘, Lewis 1984, Edgar 1992, Orth 1992, Jernakoff et al. 1996, Jernakoff &
Nielsen 1997, Lavery & Vanderklift 2002), macroalgae (Hay & Fenical 1988, Hay 1997,
Hay et al. 1998, Lippert et al. 2001), and sessile macroinvertebrates including bryozoans
(Coleman 1989), sponges (Poore et al. 2000, Thiel 2000) and ascidians (Thiel 2000).
These living substrates likely provide mesograzers with a variety of prospective resources
including food and/or structural or chemical refugia from predation or environmental
stressors (Duffy & Hay 1991). Indicative of the extensive evolutionary history of these
associative relationships,vearly life history stages of mesograzers are often adapted to
remain in close association with their living “hosts” (Hay et al. 1990, Arrontes 1999,
Sotka et al. 1999, Sotka 2005). |

Both biological and physical factors are knoM to regulate the distribution and
abundance of mesograzers associated with marine plants (Hay & Fenical 1988, Hughes &
Gliddon 1991, John et al. 1992, JernakofT et al. 1996). These factors include epiphytic
architecture and community composition (Hacker & Steneck 1990, Mukai & lijima 1995,
Pavia et al. 1999), chemical defenses (Stachowicz & Hay 1999), predation (Wooster 1998,
Sparrevik & Leonardsson 1999), structural complexity and toughness (Lubchenco 1978,

Parker et al. 2001), nutritional factors (Cruz-Rivera & Hay 2000a), and hydrological
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parameters (Aikins & Kikuchi 2001, Duggins et al. 2001). While the vast majority of
studies conducted to date have been in temperate and tropical marine systems, it is likely
that mesograzers similarly associate with marine plants in polar marine environments and
that thése interactions are essential to understanding the dynamics of these communities
(Richardson 1977, Iken et al. 1997, Lippert et al. 2001, Takeuchi & Watanabe 2002,
Wessels et al. 2006).

Investigations of the ecology of nearshore antarctic benthic communities began in
earnest. in the late 1950°s through the 1970’s (Neushul 1965, Zaneveld 1966, Dayton et al.
1974, DeLaca & Lipps 1976, Moe & DeLaca 1976). While antarctic marine macrophytes
are particularly depauperate in this region (e.g., only two species of fleshy red algae are
found in McMurdo Souﬁd), macroaigae are common along the Antarctic Peninsula where
they often form dense undersea forests (Amsler et al. 1995). These macroalgal
communities provide abundant food resources for a rich fauna of sympatric grazing
gastropods, annelids, crustaceans, and fish (Iken et al. 1997, 1998). Such trophic
relationships may be complex, and it is now evident that different antarctic macroalgal
species are not necessarily consumed by grazers in proportion to their abundance (Huang
et al. 2006). Such observations have facilitated recent studies examining whether
chemical defenses mediate patterns of macroalgal grazing by a variety of sympatric
meso- and macrograzer consumers, including amphipods, gastropods, sea urchins, sea
stars, and fish (Iken et al. 1997, 1998, Amsler et al. 1998, 2005, Iken 1999, Fairhead et al.
2005).

While the role of antarctic macrograzers such as sea urchins and fish in mediating

patterns of materials and energy flow in macroalgal food webs has received limited
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attention (Barrera-Oro & Casaux 1990, Iken et al. 1997, 1998, 1999, Amsler et al. 1998,
2005), surprisingly little is known about the prospective influence of mesograzers on the
ecology of nearshore macrophytic communities in macroalgal rich regions such as the
Antarctic Peninsula. To understand such relationships studies are first needed to
determine the abundance and distribution patterns of the most common functional
mesograzer groups such as the gammarid amphipods. If an abundant macroalgal-
associated amphipod community exists, then understanding the degree to which
macrophytes provide such mesograzers with structural or chemical fefuge or direct or
indirect sources of nutrients becomes important.

The main objectives of the present study were to determine the abundance and
épecies composition patterns of gammarid amphipods associated with dominant species
of macroalgae along the western Antarctic Peninsula. By sampling amphipods from the
same macroalgal species but from two different collection sites we extended our analysis
to allow for an evaluation of potential differences on a local spaﬁal scale. In addition, for
each of the algal species examined, we measured a suite of characters that define its three
dimensional morphology and examined whether patterns of amphipod abundance and
species composition are related to the provision of structural refuge for crustacean
mesograzers. Finally, we discuss how additional characteristics not measured in the
present study including macroalgal palatability (Huang et al. 2006), nutritional
composition (Peters et al. 2005), and chemical defenses (Amsler et al. 2005, Fairhead et
al. 2005) may play a role in mediating patterns of gammarid amphipod abundance and

species composition in nearshore macroalgal communities of the Antarctic Peninsula.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



12

MATERIALS AND METHODS
Study Site

Field collections of macroalgae and their associated epifauna were conducted in
near-shore subtidal habitats near Palmer Station, Anvers Island, on the western Antarctic
Peninsula (64°46’S, 64°04°W; Fig. 1). All samples were collected using SCUBA
between February and April, 2003. Four different subtidal sampling sites were selected
iﬁcluding a site on northeast Bonaparte Point (64°46.7° S, 64°04° W), a site on the
northern portion of Eichorst Island (64°47.2° S, 64°03.2° W), and southern (64°48. 1’S,
64°01.4° W, herein referred to as Hermit Wall) and southeastern (64°47.9° S, 64°00.4° W,
herein referred to as Southeast Hermit Island) sites on Hermit Island (Fig. 1). Sea water
temperatures and salinities in the vicinity of Palmer Station, Antarctica were

approximately 0 £+ 1°C and 28-32 %o, respectively.

Field Survey and Sample Collection

A suite of dominant macroalgal species that occur along the western Antarctic
Peninsula Were targeted for this study. This suite included three common species of
brown macroalgae (Desmarestia menziesii J Agardh, Desmarestia anceps Montagne, and
Desmarestia antarctica Moe and Silva) and five common species of red macroalgae
(Gigartina skottsbergii Setchell and Gardner, Iridaea cordata (Turner) Bory,
Myriogramme mangini (Gain) Skottsberg, Palmaria decipiens (Reinsch) Ricker, and
Plocamium cartilagineum (Linnaeus) P F Dixon) (DeLaca & Lipps 1976, Amsler et al.
1995). Using SCUBA, each algal sample was gently dislodged from the attached

substrate and, quickly but carefully enclosed along with its associated epifauna, within a
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mesh collecting bag (mesh size < 0.5 mm). The collecting bags were made of fine soft
fabric and the opening of each bag was framed with plastic-coated stainless wire. The
mouth of the bag was supported by wire loops such that it was capable of remaining
wide-open underwater for collecting purposes but could be readily twisted into a double
loop for rapid closure. The overlapping wire loops were then fixed by three binder clips.
Immediately following collection, algal samples were returned to the laboratory. Ten
individuals of each macroalgal species were sampled to aliow a quantitafive énalysis of
all associated marine invertebrate fauna (epifaunal communities were comprised
primarily of crustacean mesograzers). Individual samples of each of the macroalgal
species were collected from two different locations (n = 5 samples from each location) in
order to allow for a comparison of site-specific variations over a scale of 1-2 km.

Collecting depths ranged 6 to 16 m.

Morphological Attributes of Macroalgae

Epifauna associated with the collected macroélgae was first removed (see the
following for detail). Each macroalga was whirled by hand in a mesh bag to remove
surface water and then weighed to determine fresh weight (FW). In addition, each alga
was submerged in a large graduated cylinder in order to determine total thallus volume.
Total abundances of epifaunal species were determined (see below) and expressed in
terms of individhals per gram algal wet weight.

To facilitate measurements necessary to estimate the spatial components of algal
architecture, each alga was submerged completely in a seawater tank to allow it to

assume a normal vertically suspended configuration. The total spaces between fronds
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and branches were calculated for each of the ten individuals of each species and
expressed in terms of volumetric displacement of water (ml). Measurements included: 1)
canopy volume (CV), fhe product of the length, width and height (cm) of a plant (the
holdfast is excluded), 2) thallus volume (TV), the volume occupied by an algal thallus,
and 3) interstitial volume (IV), the volume of the spaces between fronds and as
determined by subtracting the thallus volume from the canopy volume (Hacker &
Steneck 1990).

For structural component determinations the following attributes were evaluated
for ten individuals of each species: 1) degree of branching (DB), counted from the distal
branch to the stem. The final branches were considered first order, and wherever two
branches of the same order join, the order of the resultant branch was increased by one
(Chemello & Milazzo 2002) and 2) number of branches (NB). The numbers of branches
were estimated for three morphologically complex species (Desmarestia menziesii, D.
anceps, and Plocamium cartilagineum) and for other algal species all branches were
actually counted. To estimate the NB for the three largest brown algal species, each
individual alga collected was cut evenly into three sections along the main axis. The
branches of each section were trimmed off the main and secondary axes then counted.
The total NB was the summation of the top (NB1), the middle (NB2), and the bottom
(NB3) section. The shape and arrangement of interstitial spaces and branches was not

measured.

The Distribution and Abundance of Gammarid Amphipods

Macroalgal-associated epifauna were separated from each alga by mixing and
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shaking each alga in a series of buckets (5-6) filled with seawater. Each alga was then |
examined further to confirm that all mobile fauna had been removed. The epifaunal .
invertebrates were passed through a sieve (mesh size = 0.5 mm), and fixed immediately
in a solution of 5% formalin in seawater for later enumeration and identification. |
Gammarid amphipod samples were sorted using a dissecting microscope according to
Thurston (1972, 1973). To analyze the structure of gammarid amphipod community
as-semblages the following variables were calculated: total abundance of individuals (N),
total number of species (S), species richness (d), and Shannon-Wiener diversity (H")

(Clarke & Warwick 2001).

Statistical Analyses

To investigate relationships between characteristics of algal morphology and the
community composition of the associated gammarid amphipods, multivariate analyses
(classification and ordination) were undertaken using PRIMER (Plymouth Marine
Laboratory, Plymouth, UK; Clarke and Gorley, 2001). The descriptive algal
morphometrics data matrices collected for each target macroalgal species were log (x+1)
transformed to decrease the influence of outliers and then examined using Cluster
Analysis (Romesburg 1984, McGarigal et al. 2000). Abundance and species composition
data matrices of the amphipod species were log (x+1) transformed so that the succeeding
hierarchical categorization and ordination were not determined only by the most
dominant species (Clarke & Warwick 2001). The affinities among algal morphology and
abundance and species composition of associated gammarid amphipods were based on

the Bray—Curtis similarity index for the algal morphology data matrix and the
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standardized species abundance matrix. Analysis of similarity (ANOSIM) was employed
to facilitate a statistical éomparison of overall similarities of algal morphology and
amphipod species compositions among different species of macroalgae. For further
testing matched similarity matrices derived from algal morphology data and amphipod
abundance and species composition data, a RELATE significance test was conducted
(Clarke & Warwick 2001). In order to further demonstrate the results of the Bray-Curtis
similarity, an MDS analysis (non-metric multidimensional scaling) was used based on the
matrix of amphipod species composition and population densities. This technique has
been found to be most robust in the analysis of community data (McCune & Grace 2002).
To test the ordination, the stress coefficient of Kruskal was used (McCune & Grace 2002).
Quantitative statistical comparisons of biodiversity indices and abundance of epifauna
associated with all eigh’i species of common brown and red macroalgae were conducted
using a one-way ANOVA test following by Tukey’s Honestly Significant Difference
(HSD) tests using SAS statistical software (SAS Institute, Cary, North Carolina).

As each targeted macroalga was collected from two of the four separate field sites
(five individuals from each of the two sites) we performed an analysis of similarity
(ANOSIM) to evaluate whether significant differences occurred in amphipod community
structure (analysis of similarity based on standardized amphi‘pod density, species richness

and species diversity) associated with each macroalga collected from different locations.
RESULTS

Morphological Traits of Macroalgae

The morphological attributes of eight ecologically important macroalgae selected
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for this study are presented in Table 1. According to the global test of the analysis of
similarity (ANOSIM), all species are significantly (R = 0.9, p <0.05) morphologically
distinct. Iﬁ terms of the morphological parameters measured, these eight macroalgal
species can be categorized into two groups: branched and bladed macroalgae. The
branched algal species, including Desmarestia menziesii, D. anceps, and Plocamium

cartilagineum have higher numbers of branches per gram algal wet weight (260 + 127.1,

191.6 + 32.6, and 1364.6 + 113.5 branches g™ wet wt, respectively; x +1 SE). D.

antarctica with ligulate branches has medium number of branches (4.5 + 0.8 branches g 1

wet wt; x + 1 SE). In addition, the high degree of branching in these four algal species
contributes to an increase in complexity of alga morphology. In contrast, the bladed algal
species, Gigartina skottsbergii, Iridaea cordata, Myriogramme mangini, and Palmaria
decipiens have an obviously simpler morphology with both a low number of branches per
gram algal wet weight and a low degree of branching. The dendrogram generated from
the average values of morphological attributes demonstrated that the intraspecific
morphology of each species is similar and did not vary between sampling sites (Fig 2).
The morphology of D. menziesii and D. anceps were not significantly dissimilar
(ANOSIM pair-wise test: R = 0.066, p=0.13). In addition, there was a modest similarity
in the morphology of I cordata and P. decipiens (ANOSIM pair-wise test: R = 0.233,p =

0.01).
Abundance and Distribution of Amphipods

A total of 78,415 individuals representing 32 gammarid amphipod taxa were

collected among the eight target macroalgal species (Table 2). The most numerically
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dominant amphipod species were Metaleptamphopus pectinatus (67%), Oradarea spp.
(14%), Jassa spp. (8%), Prostebbingia gracilis (3%), Gondogeneia antarctica (2%), and
Probolisca ovata (2%). Except for P. gracilis which was not found on either
Myriogramme mangini or Iridaea cordata, each of femaining amphipod species were
collected from at least 7 of the 8 macroalgal species. As it was not possible to identify all
amphipods to the species 1evél, four amphipod taxa were designated at either the generic
or family level: Jassa spp., Oradarea spp., Lysianassidea, and Eophilantidae. These taxa
were considered as independent units for ANOSIM analysis. Significant differences in
amphipod abundances and species composition were determined across the algal species
(ANOSIM global test: R = 0.65, p <0.01). More than 80% of the total amphipods.
collected were found in association with Desmarestia menziesii. Additionally, more than
90 % of the total amphipods collected were associated with the brown algae in general.
Thus, a relatively small percentage of the total amphipods (9.6%) were collected in
association with red algal species.

To détermine the similarity of the amphipbd communities associated with the
different macroalgae, a Bray-Curtis similarity dendrogram was employed. This test is
based on amphipod species distributions and their relative population densities (number
of amphipods g™ wet weight algal tissue). Shown are data of amphipods associated with
10 replicates of each of the eight algal species (Fig 3). Amphipod communities collected
from all Desmarestia menziesii replicates fell into a mono-group (similarity > 65%). In
addition, amphipod communities sampled across eight of the ten D. antarctica replicates
formed a group with similarity greater than 59%, while the other two slightly different

replicates were in close proximity to the D. antarctica group. The distributional patterns
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of amphipod communities across the remaining algal species showed no clear patterns
(see results of MDS analysis below). To compare the relationship of algal morphology
and amphipod abundance and species composition, a RELATE significance test showed
that there is no rélation between the two similarity matrices derived from algal
morphology data and the amphipod abundance and population density data (p = 0.2).
This analysis indicated the patterns of the two dendrograms (Figs. 2, 3) were not
significantly similar. Linear regression correlation analyses between parameters of algal

- morphology (CV, IV, TV, and NB) and total combined amphipod deﬁsity yielded
significant linear correlations; however, the correlation coefficients () were relatively
low (Table 3).

The most abundant amphipod species, M. pectinatus, numerically dominated four
different algal species: Desmarestia menziesii (81%), D. antarctica (74%), Iridaea
cordata (34%), and Plocamium cartilagineum (27%) (Fig. 4A-H). Amphipods
belonging to Jassa spp. were found in abundance in association with Gigartina
skottsbergii (56%), Myriogrammé mangini (46%), and Desmarestia anceps (40%). The
second most abundant amphipod taxon, Oradarea spp., was found commonly among
seven of the eight target macroalgae (range = 6 - 21%). No individuals of Oradarea spp.
were collected from I cordata. Gondogeneia antarctica was found most commonly
associated (26%) with the red alga Palmaria decipiens.

The different patterns of amphipod species distributions and abundances among
the eight algal species resulted in characteristic species composition patterns. Employing
a non-metric multidimensional scaling (MDS) based on the species numbers and the

standardized density of each amphipod species (number g ™ algal wet wt), we analyzed
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species composition patterns (Fig. 5). In most cases the differences of amphipod species
composition associated with different algal species were highly significant (Stress =0.15;
ANOSIM global test: R =0.64, p <0.05). However, amphipod species composition
patterns associated with Palmaria decipiens and Iridaea cordata did not differ
sighjﬁcantly (ANOSIM pair-wise test: R =0.03, p = 0.3). The amphipod species
compositions associated with Desmarestia anceps anci Gigartina skottsbergii were |
slightly different (ANOSIM pair-wise test: R =0.12, p = 0.06). When the results of the
MDS analysis are analyzed in three dimensions, the amphipod species compositions |
(groups) associated with the algal species become more distinct (decreasing MDS stress

| values from 0.15 to 0.11) (Fig. 6A, B). In terms of amphipod density, M. pectinatus and
Oradarea spp. were predominately found associated with the broWn alga D. menziesii
(Figure 7A,B), while Jassa spp. was found primarily in association with the red alga P.

cartilagineum (Figure 7C).

Species Diversity and Total Density of Algal-associated Amphipod Communities
Both the numbers of species and diversity indices for each of the eight algal-
associated amphipod communities differed significantly (ANOVA; F 77, = 15.6 and 5.3,
respectively, p <0.001) from one another (Fig. 8A, B). Greatest numbers of amphipod

species were detected in association with the algae Desmarestia menziesii (12.4 + 3.9
species, x£1 SE), D. anceps (11.9 + 3.4 species, x + 1 SE), Gigartina skottsbergii (9.5

+ 4.2 species, x+1 SE), and Plocamium cartilagineum (7.6 £ 4.1 species, x +1 SE). In

contrast, smaller numbers of amphipod species were found in association with I cordata

and P. decipiens (2.4 £ 1.3 species and 2.9 + 1.8, respectively, x 1 SE) (Fig 8A).
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Significantly higher species diversity indices were detected in association with the algae
D. anceps, P. cartilagineum, and G: skottsbergii (ANOVA; F 77, = 5.3, P<0.001) (Fig.
8B). Although the numbers of amphipod species were highest in association with D.
menziesfi, the species diversity index was relatively low. Total amphipod densities (all
amphipod species combined for each algal species) associated with each of the eight
target macroalgae were significantly different from one another (ANOVA; F 77, =48.7, p

<0.001). Total amphipod density was greatest for D. menziesii (20.1 + 3.8 amphipods g
g wet algal weight, x£1 SE) followed by P. cartilagineum (5.9 £ 1.1 ‘amphipod g algal

wet wt, x + 1 SE), and lowest for I. cordata (0.1 + 0.03 amphipod g™ algal wet wt, x+1

SE) (Fig.9).

Distributions of Amphipods among Different Sampling Sites

In order to determine whether amphipod abundance and composition patterns
differ by collection site we examined algal samples from two different sités for each algal
species (n = 5 replicates per site) (Table 4). The results of ANOSIM revealed that
amphipod communities associated with Desmarestia antarctica, Gigartina skottsbergii,
Myriogramme mangini, and Iridaea cordata collected from two sites that included
Southeast Hermit Island, Eichorst Island, or Bonaparte Point were not significantly
dissimilar (p > 0.05). The amphipod abundance and composition patterns associated with
D. menziesii and Palmaria decipiens collected from Hermit Island and Bonaparte Point
were dissimilar (p <0.05). The amphipod communities associated with D. anceps and
Plocamium cartilagineum collected from Hermit Wall and Bonaparte Point and Hermit

Wall and Eichorst Island, respectively, were also dissimilar (p < 0.05).
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DISCUSSION

Most studies investigating épifauna associated with antarctic hard bottom or
macfoalgal communities have employed either frawl or gra_b sampling techniques
(Dhargalkar et al. 1988, Jazdzewski et al. 1‘991a, 1991b, Gambi et al. 1994.).‘ Asa
consequence of these gross sampling techniques it is not possible to distinguish whether
sampled individuals are associated with a specific living or inert substrate. Moreover,
this sampling approach obscures microhabitat-specific quantitative or qualitative
evaluations of the most mobile epifauna, as many likely escape such disruptive collection
techniques.‘ More recent studies in Antarctica have emphasized the analysis of algal-
associated epifauna and in some cases have employed underwater sampling techniques
(Iken et al. 1997, Takeuchi & Watanabe 2002). In the present study, scuba-based net
collections facilitated effective capture and minimal loss of mesograzers associated with

macroalgae.

Relationship between Algal Morphology and Patterns of Amphipod Abundance and
| Species Composition
The influence of algal morphology on the abundance of amphipod mesograzers

has been investigated in two sepérate studies, each of which came to a different
conclusion. Hacker and Steneck (1990) argue that the complexity of algal morphology
(number of branches and the three dimensional space between fronds), is an important
factor in determining patterns of amphipod demography on associated macroalgae.
Amphipods inhabited in greater frequency highly branched algal species regardless of

whether predators were present or absent. Significantly fewer numbers of amphipods
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were found on foliose or leathery algal species. Hacker and Steneck (1990) surmise that
highly branched algal architecture provides amphipods greater interstitial space to exploit
for habitat, while the smaller sizes of branches associated with highly branched forms
facilitate the ability of amphipods to cling to individual branches. In contrast, Holmlund
et al. (1990) found that the density of amphipods colonizing and surviving on the most
structurally-complex algal species (Hypnea musciformis (Wulf.) Lamourous and H.
cornuta (Lamour.) J. Agardh) were significantly lower than that found on less physically

~ complex foliate or bladed algal species (Padina gymnospora and Sargassum filipendula)
when in the presence of predatory pinfish. Holmlund et at. (1990) speculates that
physically complex algal morphology (increased branching) selected against amphipods
because amphipods were visually detected more often by omnivorous fish predators on
branched rather than foliate or bladed algae. They offer the alternative hypéthesis that
lower amphipod abundances are due to pinfish visiting the structurally complex algae
(Hypnea spp.) more frequently because it is one of their preferred algal foods.

The results of our study are similar to those of Hacker and Steneck (1990). Both
amphipod abuﬁdance and total numbers of species were significantly higher on the most
physically complex macroalgal species. The contrasting findings of our study and that of
Holmlund et al. (1990) may be in part the result of how one defines the “morphological
complexity of algae”. Morphological traits of macroalgae vary from those that are
relatively simple such as a single blade to those that are highly complex (e.g., highly
branching kelps and rockweeds) (Bold & Wynne 1985). Measures of the complexity of
algal morphology are typically linked to the numbers of branches as a function of algal

tissue mass. However, this approach is not consistently applicable to different
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morphotypes of macroalgae. While Holmlund et al. (1990) reported that Hypnea spp.
had greater numbers of branches, the degree of branching is low and the distance from
distal branches to the main stipe is small. Consequently, the effective structural
complexity that would facilitate mesograzer cover from predators is compromised. In
contrast, in the present study Desmarestia menziesii, D. anceps, and Plocamium
cartilagineum not only have higher numbers of branches per unit mass but also have

- branches with a higher degree of branching. This is particularly evident in both
Desmarestia species, where the length of the secondary branches and the distance from
distal branches to the main stem is great and provides significant interstitial cover from
prospeqtive fish predators. Another difference between the study of Holmlund et al.
(1990) and the present work is that the morphologically more complex species in our
study are highly unpalatable to omnivorous fish (Amsler et al. 2005).

Although the correlation coefficients were not high (t* = 0.09 - 0.29), linear
correlation between increasing amphipod abundances (standardized by wet mass of
macroalgae) and increasing numbers of branches, canopy volume, thallus volume, and
interstitial volume were significant (p < 0.01). Amphipods collected from the target
macroalgae seemed to prefer to inhabit branched algae rather than algal species

characterized by blade morphology.

Patterns of Amphipod Species Composition and Abundance Associated with Macroalgae
The most abundant amphipod, Metaleptamphopus pectinatus, occurred on all
eight macroalgal species examined but was primarily found on Desmarestia menziesii

where it comprised 94% of total algal-mass standardized amphipod abundance.
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Moreover, even when small numbers of arhphipods occurred in association with a given
targeted macroalga, M. pectinatus still comprised the greatest fraction. The tight
association between D. menziesii and M. pectinatus would suggest that this alga serves
loosely as a host species. Thurston (1972) similarly observed that M. pectinatus occurred
primarily in association with Desmarestia spp., where it likely inhabited tufts of
epiphytes on holdfasts. In laboratory feeding bioassays we found that M. pectinatus does
not consume measurable amounts of any of the macroalgae with which tﬁey associated in
the field including D. menziesii (Huang et al. 2006). A recent study has found that D.
menziesii is chemically defended against gfazing by the sympatric amphipod
Gondogeneia antarctica (Amsler et al. 2005). This alga may similarly be chemically
defended égainst M. pectinatus, although previous studies have shown that macroalgal
chemical defenses are species-specific in terms of amphipod grazing patterns (Duffy &
Hay 1994, Sotka & Hay 2002).

Microscopic examination of the guts of several M pectinatus revealed fragments
of diatom frustules (authors’ pers. obs.) suggesting that in the absence of macroalgal
grazing, epiphytic diatoms may be an important component of the diet. The lack of this
dominant amphipod grazing on its primary host, D. menziesii is paradoxical. Two factors
could explain this association. First, D. menziesii has a comparatively complex
morphology that includes a high degree of branching that may provide amphipods a
physical refuge frpm predation. Second, Amsler et al. (2005) recently found that D.
menziesii is chemically defended against the common sympatric omnivorous fish
Notothenia coriiceps, a species known to include amphipods in its diet (Iken et al. 1997)

and by far the most common fish in the study area (authors’ pers. obs.). Thus, as has
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been demonstrated for amphipods associated with macroalgae in tropical and temperate
latimdés (Duffy & Hay 1994, Hay 1996, 1997), M. pectinatus may be exploiting
chemically defended macroalgae to avoid fish predation.

The second most abundant amphipod taxon, Oradarea spp. (likely a combination
of 4-5 individual species), was collected from all the macroalgal species examined except
for the red alga Iridaea cordata. The majority of individuals, 74 % of the total algal-mass
standardized amphipod abundance, were found in association with Desmarestia spp. (D.
menziesii — 60%; D. anceps — 14%). Gammarid amphipods of the genus Oradqfea are
characterized by having slender, elongated legs with hooked distal tips (Thurston 1972).
These adaptations may facilitate clinging behaviors on the fine, highly branched, terete
(cylindrical) branches that characterize Desmarestia anceps and D. menziesii, especially
the latter (Wiencke & Clayton 2002). Previous gut content analyses suggest that diet may
be important in this association as Graeve et al. (2001) found small pieces of Desmarestia
spp. in gut contents of the herbivorous Oradarea edentate.

Smaller numbers of individuals of the gammarid Jassa spp. occurred on all eight
species of macroalgae. Individuals were particularly abundant on Plocamium
cartilaginieum (45% of total algal-mass standardized amphipod abundance) but were also
found in equal, but lower abundances on Gigartina skottsbergi (19%) and Desmarestia
anceps (20%) While Jassa spp. do not appear to have a primary host alga such as seen
for M. pectinatus, its comparatively common association with P. cartilagineum could be
related to the highly branched morphology of this alga (most highly branched on all eight
algal species examined) that may provide a physical refuge from predation.

While the gammarid Paradexamine fissicauda occurred in very low abundance
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overall, more than 83 % of the total 246 individuals collected occurred exclusively on
Plocamium cartilagineum, a clumpy red alga characterized by unilateral branches. One
potential explanation for this close association is that P. fissicauda possesses several
characteristics that may facilitate its crypticity against visual predators. These include a
reddish pigmentation similar to the coloration of P. cartilagineum. In addition, the highly
spinate pleomeres mimic the morphology of the fine, unilateral branches. This cryptic
nature became evident during éollections as individuals were difficult to locate amongst
the branches of P. cartilagineum (Huang, pers.obs.). Similar to Metaleptamphopus
pectinatus associating with its chemically defended host alga, Desmarestia menziesii, P.
cartilagineum is chemically defended against a sympatric omnivorous fish (Amsler et al.
2005) and thus may provide P. fissicauda a chemical refuge from predation (Dufty & Hay
1994, Hay 1996, 1997). To date it is unknown whether P. fissicauda grazes on the tissues
of its host alga, P. cartilagineum. We were unable to collect sufficient numbers of
amphipods to provide adequate replication for feeding bioassays.

In a previous study (Huang et al. 2006) we found that the antarctic gammarid
amphipods Gondogeneia antarctica and Prostebbingia gracilis generally did not
consume macroalgae with which they primarily associate (present study), but did
consume other species of sympatric macroalgae. This suggests that structural complexity
or algal chemical defenses are more important than dietary preferences in determining
patterns of amphipods associated with macroalgae. Total numbers of amphipod species
associated with Desmarestia menziesii and D. anceps were the highest recorded for any
of the eight macroalgal species examined (mean was approximately 12 amphipod species

for each macroalga). As discussed earlier, these two macroalgal species are large, have
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high numbers of branches per unit wet mass as well as a high degree of branching that
renders them complex in their morphology. These traits collectively contribute to a
comparatively large volume of interstitial space that likely provides attractive
microhabitat for a broad suite of amphipod species. This, coupled with the numerous fine,
térete branches provide amphipods a suitable substrate for efficient clinging (Hacker &
Steneck 1990), and the chemical feeding deterrent properties of Desmarestia spp. against
omnivorous fish (Amsler et al. 2005) could contribute to making these macroalgae
particularly attractive habitat.
Total numbers of amphipod species were moderately high in the highly branched
P. cartilagineum and the single-bladed alga Gigartina skottsbergii. Although G
skottsbergii is not a morphologically complex branched algal species (Wiencke &
-Clayton 2002) and lacks chemical defenses against omnivorous fish (Amsler et al. 2005),
its suitability for associated amphipods is unique when compared with other single bladed
macroalgae we examined. Specifically, as a result of its multiple holdfasts, the large
flattened blades rest against the benthic substrate, in contrast to remaining upright in the
water column as seen in other single-bladed macroalgae, with the resultant space
between the substrate and ventral blade sﬁrface forming a protective retreat for
amphipods. In addition, numerous papillae on the surface of G skottsbergii might
provide suitable substrate for amphipod clinging. The lowest numbers of amphipod
species were associated with the single-bladed macroalgae Palmaria decipiens and
Iridaea cordata, each harboring only 2 species.
Patterns of species diversity indices for amphipods associated with the eight

macroalgae were similar to those seen for amphipod species numbers. The one exception
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was the species diversity index for amphipods associated with Desmarestia menziesii.
Here, in striking contrast to its high species number, species diversity was the lowest
recorded for any of the targeted macroalgae. This discrepancy is the result of the
disproportionate numerical dominance of the amphipod Metaleptamphopus pectinatus

that comprised 81% of those amphipods found in association with this macroalga.

Site-specific Patterns of Amphipod Abundance and Species Composition

In an effort to evaluate the potential for spatial variability in community structure
of macroalgal-associated amphipods, targeted macroalgae and their associated gammarid
amphipods communities were collected from four different locations, each 1-2 km from
one another and all within a 3 km radius of Palmer Station. While all eight species of
macroalgae were not present at each of the four sampling- sites, for each alga it was
possible to compare its associated amphipod community with one alternate site. In
general, macroalgal-associated amphipod communities were relatively similar at the
Southeast Hermit Island, Eichorst Island and Bonaparte Point sites. Analysis of similarity
(ANOSIM) revealed that 50% of the algae (Desmarestia antarctica, Gigartina
skottsbergii, Iridaea cordata, Myriogramme mangini) had associated amphipod
communities that were not statistically dissimilar in terms of species abundance and
composition when compared with a second collecting site. The dissimilarity Qalues for
amphipod communities associated with Palmaria decipiens from two collecting sites are
likely related to the small sample sizes of amphipods that we found in association with
this alga. ‘ -

Amphipod communities associated with D. anceps and Plocamium cartilagineum

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



30

were dissimilar across sites (Hermit Wall and Bonaparte Point and Hermit Wall and
Eichorst Island, respectively), with lower numbers of amphipods consistently found at the
jHermit Wall site. It is possible that these observed dissimilarities are the result of
different hydrological conditions that could be expected at Hermit Wall, a site that is
exposed to high wave energy and tidal currents (Huang pers. obs.). While we have no
direct evidence, it is possible that the ability of gammarid amphipods to cling to these
respective macroalgae is compromised by increased water turbulence. Finally, we also
found that amphipod communities associated with D. menziesii were dissimilar at its two
collecting sites (Hermit Island and Bonaparte Point). Here it appears that there were
large differences in the relative abundances of amphipods at each of these sites, with
higher abundances occurring consistently at Southeast Hermit Island. Macroalgal-
associated amphipod species diversity values were not dissimilar between either site.

In summary, our findings indicate that while the structure of species- specific
macroalgal-associated amphipod communities can vary across spatial scales of only 3 km
(seen in 4 of 8 macroalgae examined) such differences appear to be species-specific
among macroalgae. Thus for select macroalgal species, extrapolating the community
dynamics of their associated amphipods from one region to another, even across spatial
scales as small as 3 km, is inappropriate. For those 50% of the macroalgal species that
had no between-site dissimilarities in their associated amphipod communities, we would
argue that macroalgal-specific factors are likely to be mediating the dynamics of their

associated amphipod communities.
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Comparisons to Other Regions
While patterns of amphipod communities associated with shallow-water

macroalgae may vary across tropical, temperate and polar latitudes (Russo 1990, Taylor
& Cole 1994, Lippert et al. 2001? present study), one must take caution in generalizing
such patterns due to differences in processing methodologies (e.g., minimum mesh sizes

| employed ) and differences in sampling and sensitivity to differences across even small

“spatial scales (e.g., we detected differences in macroalgal-specific amphipod
communities on spatial scales of even 3 km). Nonetheless, comparisons of existing
estimates of total specieé numbers of macroalgal-associated amphipods and their relative
abundances (amphipods per unit algae) may provide useful information. While total
numbers of amphipod specvies associated with tropical macroalgae (26 and 35 amphipod
species; Lewis 1987 and Russo 1990, respectively) are similar to those determined in the
present study (32 species or taxa), higher species diversity and species richness indices
characterize tropical amphipod communities because of lower amphipod abundances. In
temperate latitudes, total numbers of macroalgal-associated amphipod species range from
6-29 taxa (Taylor & Cole 1994, Pavia et al. 1999, Viejo 1999, Parker et al. 2001, Arroyo
et al. 2004), somewhat lower than amphipod species abundances we detected in
Antarctica. It is also noteworthy that in these studiés total abundances of macroalgal-
associated amphipods measured in temperate waters were 13-40 fold lower that thos¢ we
detected in Antarctic waters.

In the present study, total abundances of amphipods are very high, particularly on

finely branched species such as Desmarestia menziesii (20 amphipods/g algal wet wt), D.

anceps (3 amphipods/g algal wet wt), and Plocamium cartilagineum (6 amphipods/g wet
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wt). D. menziesii and D. anceps are two of the three dominant macroalgae (the third,
Himantothallus grandifolius was too large to be sampled quantitatively in the field),
while P. cartilagineum is one of the more abundant red macroalgae at moderate depths
(Amsler et al. 1995), and can sometimes form moderate sized patches with nearly 100%
cover. For comparison with reports of total amphipod densities from otﬁer regions we
have combined our mean amphipod density values with the algal biomass data collected
by Amsler et al. (1995) who noted therein that their methods for algal biomass
quantification favored small species and probably underestimated the biomass of larger,
overstory macroalgae like Desmarestia spp. Although such densities shquld be treated
only as approximations, the calculated amphipod densities are 308,000, 48,000, and
26,000 individuals m™ for stands of D. menziesii, D. anceps, and P. cartilagineum,
respectively. Although comparable to other reports frorh Antarctica (Richardson 1977,
Jazdzewski et al. 1991a, 1991b, 2001), these densities are higher, usually by 2 or 3 orders
of magnitude, than most amphipod densities in temperate and tropical waters (reports
from 30 locations reviewed by Nelson 1980b, Wildish 1988, Brawley 1992). Densities of
amphipods associated with D. menziesii are above the maximum densities noted in all but
one of these reports.

It is important to note that amphipod collections in the present study were
completed during daylight hours. Amphipod densities on macroalgae are often observed
to increase during periods of darkness (reviewed by Brawley 1992) so our total densities,
although very high, may actually underestimate night time densities. It is also of note
that there was a strong inverse correlation between patterns of amphipod abundance and

feeding preferences, for D. menziesii, D. anceps, and P. cartilagineum were less
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preferred by amphipods in ground tissue feeding bioassays and also strongly deterrent as
extracts (Amsler et al. 2005, Huang et al. 2006). Preferred amphipod food species
including Palmaria decipiens and Iridaea cordata had very low abundances of associated
amphipods (0.2 and 0.1 amphipods g algal wet wt, respectively). P. decipiens and I
cordata are both preferred food items of the omnivorous antarctic fish, Notothenia
coriiceps (Iken et al. 1997, 1999) so this pattern could well be the result of daylight
predator avoidance behavior (cf. Brawley 1992). It seems likely that amphipod densities
on palatable macroalgae iike P. decipiens and I. cordata would be greater at night as has
been observed for amphipods associated with the palatable alga I laminarioides in Chile
(Buschmann 1990).
In the Arctic, Lippert et al. (2001) found total numbers of amphipod species

- associated with shallow-water macroalgae to be approximately half of the numbers of
species we detected in association with Antarctic macroalgae. Moreover, amphipods
comprised only 4-8 % of the total epiphytic suite of Arctic fauna sampled. In anothe.r
recent Arctic study conducted in shallow-water communities near Kongsfjorden,
Spitsbergen, very few meso- or macro-grazers were found in association with macroalgae
(Wessels et al. 2006). Moreover, levels of herbivory were very low, with only one
species of amphipod found to graze on macroalgae, and the urchin Strongylocentrotus
droebachiensis exerting only periodic and localized top-down control in this Arctic
macroalgal community. Wessels et al. (2006) suggest that such low levels of herbivory
lend support to latitudinal hypotheses predicting a reduction in selection for strong
macroalgal defense mechanisms. In support of this hypothesis, chemical defenses appear

to be rare in Arctic macroalgae examined to date (Wessels et al. 2006). This scenario

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



34

contrasts markedly with.the western Antarctic Peninsula where we have identified both
speciose and numerically rich mesograzer crustacean communities associated with
ecologically dominant fnacroalgae, many of which are known to possess chemical
defenses (Amsler et al. 2005).

Many Antarctic mésograzer crustaceans are herbivores or omnivores that include
macroalgae or their associated epiphytes in their diets (Huang et al. 2006 and refs within).
While at least one omnivorous Antarctic fish (Notothenia coriiceps) selectively grazes on

" macroalgae (Iken et al. 1997), to date there appears to be little evidence that macrograzers
such as urchins exert a direct impact oh Antarctic Peninsular macroalgae. Although
detrital food chains are important mechanisms of nutrient and energy transport within
Antarctic benthic macroalgal communities (Iken et al. 1998, Dauby et al. 2001, Graeve et
al. 2001), the dominance of crustacean mesograzers is likely to play a significant role in

mediating energy and nutrient transfer in nearshore macroalgal communities.
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Table 1. Morphological attributes of eight dominant subtidal antarctic macroalgae (; + 1 SE).
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Algal species
Morphological attributes DME DAN ANT PAL GIG MYR PLO IRI
Wet Weight (g) 388 £ 91 307 £ 43 230+ 28 40+ 5 267 +£47 162 + 54 30+ 10 83+ 15
Width (cm) 39+4 33+3 39+2 16 £1 615 35+3 19+2 24 +1
Depth (cm) 31+3 23+2 26+ 3 1M=+1 50+5 25+2 15+2 1742
Height (cm) 111+ 10 136 +11 144 £ 10 65+5 101 43+ 3 20+£2 55+ 6
Canopy volume (ml) 152299+ 113311+ 142111+ 11958 + 34395 + 43664 + 7550 + 21236 +
Py 31831 21145 20750 1870 6708 11077 2713 2643
Thallus volume (ml) 354+ 101 288+40 202+29 38+5 247 + 42 146 + 50 27+9 87+ 15
Intestinal volume (mi) 151944 + 113023+ 141909 + 11920 + 34147 £ 43519 + 7523 + 21149 +
htestinal volume {m 31752 21108 20729 1866 6668 11030 2705 2634
Degree of Branch 5204 47+£02 3.1%0.1 1.3+0.2 1£0 3602 72+£03 1.4+0.2
1738 + 4291 + .
Number of Branches 1 312 1908 82+ 14 - - - - -
9241 = 16561 + .
Number of Branches 2 1698 3723 403 £ 132 - - - - -
29519 + 31188 + .
Number of Branches 3 4132 4555 546 £ 121 - - - - -
40497 + 52040 + 1020 + ' 36817 +
Total Number of Branches 4958 7529 197 1.5+£03 1£0 168 +112 11612 1.4+02
0.047 0.006 £ 1365 + 0.019 +
Number of Branches/g ww. 260+ 127 192+33 45+0.8 0.013 0.002 0.7+0.3 114 0.002
Sampling depth 10.6+0.6 123+04 10708 7.0+0.1 81+07 73+£02 13.1+£0.7 10107
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Table 2. Species assemblages of gammarid amphipods associated with eight subtidal antarctic macroalgae. Percentage shown in
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parentheses.

Algal species
Species DME = DAN ANT GIG MYR IRI Total
Allogaussia sp. 0 0 0 0 0 0 0 1
Ampelisca bouvieri 0 0 0 0 2 0 0 2
Atyloella magellanica 1 1 0 0 0 0 0 7
Atylopsis sp. 1 0 0 0 0 0 0 1
Bovallia gigantea 76 105 0 0 8 17 0 230
Colomastix sp. (fissilingua) 6 2 1 0 5 1 0 15
Eophilantidae 253 1 1 0 19 13 0 290
Djerboa furcipes 7 0 0 0 18 0 0 25
Eurymera monticulosa 2 0 0 0 3 3 0 8
Gitanopsis squamosa 76 68 7 0 82 3 0 238
Gnathiphimedia barnardi 0 0 0 0 0 0 0 2
Gnathiphimedia fuchsi 4 3 0 0 0 1 0 8
Gondogeneia antarctica 430 477 8 20 472 442 16 1942
Gondogeneia redfeanri 17 509 6 4 2 6 0 559
Jassa spp. 189 2739 21 12 2567 590 22 6418
Leucothoe spinicarpa 1 0 0 0 0 0 0 1
Lysianassidea 37 2 - 0 3 0 0 0 42
Metaleptamphopus pectinatus 51185 500 19 37 10 24 52569
Oradarea spp. 8450 1405 38 8 539 74 0 10668
Paradexamine fissicauda 2 5 1 0 26 2 5 246
Paramoera sp. 0 0 0 0 1 0 0 1
Pariphimedia integricauda 6 49 0 0 15 21 0 96
Pontogeneia sp. 3 0 0 0 1 0 0 4
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Table 2. (Continued)

DME DAN ANT PAL GIG MYR PLO RI Total

Probolisca ovata 411 515 37 7 548 90 177 3 1788
Prostebbingia brevicornis 0 3 0 0 2 0 1 0 6
Prostebbingia gracilis 2174 128 7 3 108 0 119 0 2539
Prothaumatelson nasutum 120 101 11 2 51 1 2 0 288
Schraderia dubia 8 210 2 0 82 2 24 1 329
Schraderia gracilis 2 21 0 0 34 0 1 0 58
Schraderia sp. 0 5 0 0 5 0 2 0 12
Seba sp. 0 1 0 0 0 0 0 0 1
Thaumatelson herdmani 4 16 1 0 0 0 0 0 21
Total number of individuals 63465 6866 532 78 4627 1276 1500 71 78415

(80.9%) (8.8%) (0.68%) (0.1%) (5.9%) (1.63%) (1.91%) (0.09%)
Total number of species/taxa 12+£1.2 1211 6+£05 3x06 10+ 14 6+1.0 8+14 2x04
Species richness (d) 1.3+0.1 1.8+01 13+01 09+02 15+£02 11+£01 13+£02 0.7+0.1
Species diversity (H’) 06+0.1 15+01 10+£0.1 09+02 11+£02 1.0+£01 13+02 0.7+0.1

9%
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Table 3. Regression analyses comparing amphipod densities to morphological parameters of algae.

2

Morphological parameters of algae n Linear Equation r P
Amphipod density vs.
Thallus volume (ml) 80 y=0.04x+137 0.29 <0.01
Canopy volume (L) 80 y=0.01x+52 0.24 <0.01
Interstitial volume (L) 80 y=001x+52 024 <0.01
Number of branches 80 y=19x+ 153 0.09 <0.01

9
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Table 4. Analysis of similarity (ANOSIM) between two different sampling sites based on the amphipod community structure

associated with the alga collected. NA indicates not available. P values are shown in parentheses. Algal abbreviations are given in Fig.

1. Significance levels greater than 0.05 are shown in bold.

Hermit Wall Eichorst Is. Bonaparte Pt.
Southeast GIG (0.135) DME (0.008)
Hermit Is. NA ANT 0.159) PAL (0.008)
Bonaparte Pt. DAN (0.008) IRI (0.905) MYR (0.071) o
Eichorst Is. PLO (0.016) L .

Ly
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Figure 1. Sampling locations of subtidal macroalgae and associated amphipods off

Anvers Island, Antarctica. Palmer Station (*), Bonaparte Point (A), Eichorst Island (B),
South Hermit Island (Hermit Wall; C), and Southeast Hermit Island (D). The sithouette

at the upper right corner indicates the Antarctic continent and the arrow points to the
location of Anvers Island.
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Figure 2. Bray-Curtis Cluster Analysis dendrogram generated on the basis of
morphometrics of macroalgae (see Table 1). Shown is the percent similarity between 10
replicate samples of each of the eight target macroalgae. DME = Desmarestia menziesii;
DAN = Desmarestia anceps;, ANT = Desmarestia antarctica; PAL = Palmaria decipiens;
GIG = Gigartina skottsbergii; MYR = Myriogramme mangini; PLO = Plocamium
cartilagineum; IR1 = Iridaea cordata.
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Figure 3. Bray-Curtis Cluster Analysis dendrogram generated on the basis of the
standardized abundances of amphipod species distributions and their relative population
densities (number of amphipods g ! wet weight algal tissue). Shown is the percent
similarity between 10 replicate samples of each of the eight target macroalgae.
(abbreviations given in Fig. 2).
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Figure 4. Species composition (%) of the 16 most common amphipod taxa associated
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Figure 5. MDS ordination analysis of 10 replicates of each of the eight target macroalgal
samples based on both the associated species abundances and compositions of 32
amphipod taxa. The MDS analysis was conducted using standardized (numbers of
amphipods g ! algal wet wt) and log (x + 1) transformed amphipod data and presented as
a 2-dimensional scatter graph using x and y variables. (stress = 0.15)
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Figure 6. MDS ordination analysis of 10 replicates of each of the eight target macroalgae
based on both the associated species abundance and compositions of 32 amphipod taxa.
The MDS analysis was conducted using standardized (numbers of amphipods g™ algal
wet wt) and log (x + 1) transformed amphipod data. A. 3-dimensional scatter graph
plotted using x, y, and z variable coordinates derived from MDS. B. 3-dimensional
ellipsoid graph. Each solid ellipsoid represents the mean + standard deviation of x, y, and
z variables of 10 replicates of amphipod sample associated with the target macroalga.
The outer mesh surface is the 95% of the maximum and minimum variables, (Stress =
0.11)
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Figure 7. Densities of the three most abundant amphipod species associated with the
eight target macroalgae. Data are mean + SE; n= 10 (ANOVA; F 7 7, =24.1, 13.3, and
8.2, respectively, p <0.01). (Abbreviations given in Fig. 2).
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Figure 8. Numbers of species and diversity indices of amphipods associated with the
eight target macroalgae. A. Number of species. B. diversity index (H’) of amphipod
communities associated with eight target macroalgae. Data are means = SE; n= 10

(ANOVA; F 772 =15.6 and 5.3, respectively, p < 0.01). (Abbreviations given in Fig. 2).
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Figure 9. Total amphipod densities (number of amphipod g . algal wet wt) associated
with the eight target macroalgae. Data were log (x+1) transformed and presented as
means + SE; n =10 (ANOVA; F 77, =48.7, p <0.01). (Abbreviations given in Fig. 2)
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ABSTRACT
Single species feeding trials employing both fresh algal tissues and alginate food

pellets containing dried finely ground algal tissues were conducted to examine the
relative palatability of sympatric Antarctic macroalgae (three brown and five red

~ macroalgal species) to three common herbivorous gammarid amphipods (Prostebbingia
gracilis Chevréux, Gondogeneia antarctica (Chevreux) Thurston, and Metaleptamphopus
pectinatus Chevreux). In fresh algal tissue bioassays, both the amphipods P. gracilis and
G. antarctica consumed significantly greater amounts of the red alga Palmaria decipiens

- over all other seven speciés of macroalgae. The amphipod M. pectinatus failed to
consume measurable quantities of fresh thalli of any macroalgae and therefore is likely to
feed on other resources. In food peliet bioassays, the consumption rates of amphipods
fed eight different species of macroalgae were compared with consumption rates on a
highly palatable control green alga. Alginate pellets containing ﬁnelsi ground tissues of P.
decipiens were consistently the most palatable of any of the macroalgae to P. gracilis and
G. antarctica, while pellets containing the brown algae Desmarestia menziesii,
D. anceps and the red alga Plocamium cartilagineum were not consumed by any of the
three amphipod species. Regression analysis indicated that feeding rates of the
amphipods P. gracilis and G. antarctica on alginate food pellets were not significantly
correlated with known species-specific parameters of macroalgal nutritional quality (%N,
%C, C:N ratio, soluble protein, soluble carbohydrate, and lipid). Therefore, differences
in amphipod macroalgal palatability are most likely related to other factors including

physical and/or chemical deterrents.
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INTRODUCTION

Marine mesograzers, which include the conspicuous gastropods, amphipods, and
isopods, in addition to a number of lesser taxa, are ubiquitous across a wide suite of
marine environments. While some are free living within the water column or are found
in association with inert materials such as rock or sand substrata (albeit coated with
microbial biofilms and cncrusting microorganisms), most are closely associated with
living substrates such as macroalgae and seagrasses (Hay & Fenical 1988, Brearley &
Walker 1995, Hay 1997, Hay et al. 1998, Duffy et al. 2001, Lippert et al. 2001). These
diverse living sﬁbstrates may provide mésograzers with‘a variety of resources including
food, but also potential refuge from predation and/or environmental stress (Duffy & Hay
1991). Not surprisingly, perhaps because of these resource linkages, a variety of the life
history stages of mesograzers appear to be adapted to remain in close association with
their living “hosts” (Hay et al. 1990, Sotka et al. 1999).

Macroalgae, while less common around much of Antarctica, are extremely
abundant in terms of biomass along the western Antarctic Peninsula (Neushul 1965,
Amsler et al. 1995, Brouwef et al. 1995, Quartino et al. 2001). Commonly associated
with a diverse assemblage of epibenthic organisms that encompass a wide rangelof
trophic habits (Richardson 1977, JazdZewski et al; 1991a, 1991b, Iken et al. 1998),
peninsular macroalgae are known to provide a significant food resource for grazing
sympatric gastropods, annelids, crustaceans, and fish (Tken et al. 1997, 1998, Iken 1999,
1999). However, different algal species are apparently not consumed in equal frequency
to their relative abundance as some species are frequently found in the gut contents of

common herbivores whereas others are rarely ingested (Iken et al. 1997, 1999). Such
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observations have led to studies focusing on understanding whether chemical defenses

_ mediate these patterns of grazing by sympatric Antarctic herBivorous amphipods (Amsler
et al. 1998, Ankisetty et al. 2004, Amsler et al. 2005, Fairhead et al. 2005). Despite these
recent studies, much remains té be learned about the factors that mediate trophic
relationships between Antarctic mesograzers and macroalgae.

Amphipods can be. remarkably abundant in macrobenthic cbmmunities along the
Antarctic Peninsula, in some locations constituting up to 85% of the total macrobenthos
when considered in terms of their numerical abundance (JazdZewski et al. 1991a,
Jazdzewski et al. 1991b, Jazdzewski et al. 2001). Three of the particularly common
neritic amphipods that occur in the coastal waters along the western Antarctic Peninsula
include Prostebbingia graéilis Chevreux, Gondogeneia antarctica (Chevreux) Thurston
and Metaleptamphopus pectinatus Chevreux (Richardson 1977, Jazdzewski et al. 1991a,
1991b, 2001). Occurring in high abundance, Prostebbingia gracilis is a widespread
circumantarctic amphipod associated with the macroalgal habitats and mainly with
Plocamium cartilagineum meadows (Y. Huang, pers. obs.). Its vertical distribution
ranges from depths of 4 to 250 m and, in shallow marine habitats surrounding King
George Island, its abundance can exceed 25% of the total amphipod community
(Chevreux 1913, Jazdzewski et al. 1991a, 1991b). Gondogeneia antarctica occurs not
only along the western Antarctic Peninsula, but is also found on the subantarctic islands
and in the Magellanic region }(Richardson 1977). Its vertical distribution ranges from the
shallow subtidal to depths of 40 m (Thurston 1972) and it occurs in association with a
variety of benthic habitats including muds, sands, gravels, and cobbles, with many of

these substrates supporting abundant macroalgae. In the benthic peninsular habitats
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where G. antarctica has been examined, this species may comprise as much as 15-20% of
the total amphipod community (Richardson 1977, Jazdzewski et al. 1991a, 1991b, 2001).
Metaleptamphopus pectinatus has been found in shallow depths of the western antarctic
.sub-region as well as in sub-antarctic waters off South Georgia Island. This species
primarily inhabits the mats éf epiphytes wﬁich occur on the holdfasts of various genera of
macroalgae including Desmarestia and Himantothallus (Thurston 1972). Richardson
(1977) surveyed amphipods associated with the thalli of Desmarestia anceps and found
that M. pectinatus cénstituted 6— 23% of total amphipod abundance over a one year
period.

The objectives of this investigation were to determine whether differential
palatability for sympatric macroalgae occurs in three common Antarctic amphipod
mesograzers and, if so, whether these patterns are correlated with known parameters of

macroalgal nutritional quality.

MATERIALS AND METHODS

All organisms were collected within 3.5 km of Palmer Station on Anvers Island,
Antarctica (64°46.5°S, 64°03.3’W; see Amsler et al., 1995 for map). All collections and
laboratory assays were conducted between late February and late May, 2003.

Three common Antarctic herbivorous amphipod species (see above) were selected
for the feeding bioassays. Gondogeneia antarctica were collected using hand nets from
macroalgal beds in tide pools and the shallow subtidal at Laggard Island (64°48.4°S,
64°00.5°W). These collections were supplemented with animals trapped by the Palmer

Station seawater system filters (these animals were quarantined and microscopically
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examined before use to ensure that they were uninjured). P. gracilis and M. pectiﬁatus
were collected subtidally by divers from Plocamium cartilagineum (Linnaeus) P .F Dixon
and Desmarestia menziesii ] Agardh, respectively, off Bonaparte Point (64°46.7°S,
64°04.0’W) at depths ranging from 5-10 m. Amphipods were maintained in 2-L plastic
bottles equipped with opehings covered with fine mesh screening and suspended in tanks

with flowing ambient seawater (temperature ranges from -1 to 1 °0).

Fresh Thallus Bioassays

' Eight species of ecologically dominant macroalgae including three representatives
of the Phaeophyceae, (Desmarestia menziesii, Desmarestia anceps Montagne, and
Desmarestia antarctica Moe and Silva) and five representatives of the Rhodophyceae
(Gigartina skottsbergii Setchell and Gardner, Iridea cordata (Turner) Bory,
Myriogramme mangini (Gain) Skottsberg, Palmaria decipiens (Reinsch) Ricker, and
Plocamium cartilagineum), were collected by divers at depths ranging from 5-10 m off
Bonaparte Point. Twelvev individuals of each macroalgal species were returned to the
laboratory and maintained in tanks equipped with runniﬁg ambient seawater for
subsequent feeding bioassays. To examine feeding preferences of herbivorous
amphipods for different species of macroalgae, single species feeding trials (non-choice
feeding assays) were conducted (Cruz-Rivera & ﬂay 2000b). For each amphipod
species tested, sixteen 150-ml plastic bottles were filled to the mid- point with seawater,
and then into each of eight of these bottles were haphazardly placed fifteen amphipods.
Within a given amphipod species, sizes of individuals used in the experjments were

similar and based on a mean adult body length (measured from the tip of the rostrum to
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the base of the telson) determined from a representative field sample of individuals (P.
gracilis: 6.9£1.0 mm, n = 27; G. antarctica: 8.9+1.2 mm, n = 65; M. péctinatus: 5.0+0.8
mm, n = 38; mean = SD). Fresh and completely un-grazed thalli (as evidenced by close
visual examination) of each macroalgal species were cut into cross-sectional pieces with
similar mass (mass ranged from 2 to 9 mg wet wt for P. gracilis; 15 to 38 mg wet wt for
G. antarctica), blotted to remove éxcess seawater water, weighed and then individually
placed into paired bottles, one with amphipods, and the other without amphipods (control
treatment). Using this approach, we were able to calculate the precise consumption rate
while negating any potential autogenic effect. Four replicate paired bottles were prepared
for each experimental treatment. These were placed in a cold room at Palmer Station and
room temperature maintained at 1.5 + 0.5 °C under ambient photoperiod for a period of
33-45 hours. After this time period the pieces of fresh thallus were blotted dry and re-
weighed. Amphipod algal consumption rates were calculated as the mean mg of algae
consumed per day per amphipod. The thallus experiments, each consisting of four
replicate paired bottles, were repeated three times to yield a total of 12 replicates
(including controls) for each macroalgal species. This design in which the replicates
were spread over three sets of experiments was used because it was not logistically
possible to run all replicates simultaneously and unlike the pellet bioassays (see below)
there was no appropriate internal control. Consequently, experimental day was included

as a random factor in the statistical analyses.
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Alginate Pellet Bioassays

In order to eliminate algal morphology (i.e., shape and toughness) as a potential
factor inﬂueﬁcing palatability to amphipods, alginate pellets containing algal tissues were
prepared for each of the eight macroalgal species. Subtidal macroalgae were collected ‘
from Bonaparte Point, Hermit Island (64°47.9°S, 64°00.4’°W), and Eichorst Island
(64°47.1°S, 64°03.2°W). One individual of each macroalga was freeze-dried and then
ground into a fine homogenous powder using a mortar and pestle and a commercial
coffee grinder. In addition, the filamentous intertidal green macroalga Cladophora
repens was used as a control feeding stimulant because it is a palatable alga known to be
readily consumed by all three species of amphipods (Amsler et al. 2005). This alga was
collected by hand from the infertidal and shallow subtidal at Laggard Island. The algal
filaments were freeze dried and then ground into a fine powder using a mortar and pestle.
Alginate pellets were prepared following the protocols given in Amsler et al. (2005) and
Fairhead et al. (2005). Finely ground algal tissues were mixed in a 2% alginate solution
to a final concentration of 5% algal tissue and then poured into a Petri dish. The mixture
was then solidified by slowly pouring a cold 1 M CaCl, solution over the alginate
solution. Pellets (10 mm diameter x 2 mm thickness) were punched from the hardened
alginate using a cork borer. Amphipod feeding bibassays followed the same protocols as
those described above for fresh thalli but with only 10 amphipods (G. antarctica and P.
gracilis).per bottle and 10 sets of replicates. Twenty M. pectinatus were placed in to each
bottle because of their relative small body size. Two of the eight different algal diet
treatments and a single control treatment comprised of pellets containing C. repens were

combined in each experimental treatment. Feeding preference of amphipods were
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determined by the relative consumption of an experimental algal food as a function of the
consumption of the control alginate pellets containing C. .repens (weight of the consumed
treatments divided by weight of the consumed control within each experimental
treatment) .

~ From previous feeding experiments using Gondogeneia antarctica (C.D. Amsler
pers.obs., Amsler et al., 2005), patterns of macroalgal consumption varied across
different feeding trial days. Hence, to account for such possible temporal differenées in
consﬁmption rates, we presented amphipods alginate control pellets containing finely
ground tissues of the intertidal green macroalga Cladophora repens on each day of the
feeding trials. As indicated above, C. repens is known to be a highly palatable algal food
to amphipods both ih the field and laboratory (Amsler et al. 2005). By measuring the
consumption of pellets containing this control alga as a function of each algal feeding
treatment we controlled for both day to day variations in consumption rates and the fact

that different algal species were presented to amphipods on different days.

Statistical Analyses
To compare the consumption rates of amphipods for fresh algal thalli among the
different dietary treatments and different dates of trials, consumption rate data were
analyzed by two-way ANOVA using SAS software (SAS Institute, Cary, North Carolina)
followed by Tukey’s Honestly Significant Difference (HSD) tests with experimental day
as a random factor. Because the alginate pellets in all replicates came from the same
preparation, a parametric ANOVA was not appropriate. Therefore, a non-parametric

Friedman’s test (multiple related samples ANOVA) was performed on these data using
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SPSS (SPSS Inc., Chicago, Illinois) software followed by multiple t-tests using the
Bonferroni adjustment for multiple comparisons (General Linear Model, SAS) to
compare the percentage of algal pellet c‘onsumption among the different dietary
treatments. To examine the statistical correlation between amphipod consumption rates
and parametérs of algal nutritional quality, linear regression analysis was perform using
SAS software.

We employed regression analyse§ to examine whether consumption rates on
macroalgal alginate food pellets by the amphipod Prostebbingia gracilis and
Gondogeneia antarctica were significantly correlated with various known parameters of
macroalgal nutritional quality. These parameters included percent nitrogen, percenf
carbon, and the ratio of carbon to nitrogen, as well as levels of soluble protein, soluble
carbohydrate, and lipid, all measured in macroalgae collected during the late growing
season (Peters et al. 2005). Regression analysis did not include those macroalgal species
that either had negative consumption values (Desmarestia menziesii and D. anceps) or
lacked complete nutritional information (Plbcamium cartilagineum; Peters et al., 2005).
Thus, for both amphipods, the macroalgae D. menziesii and P. cartilagineum were not
included in the linear regression analysis. Moreover, in the case of the amphipod

Prostebbingia gracilis the alga D. anceps was not included.

RESULTS
Fresh Thallus Bioassays
Single species feeding trials indicated that both amphipods, Prostebbingia gracilis

and Gondogeneia antarctica, showed much higher consumption rates of fresh thalli when
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offered Palmaria decipiens over all other seven species of macroalgae (Figs. 1A,B). At
‘the conclusion of each feeding experiment, grazing marks on the edges of the thalli of P.
decipiens were clearly evident. The third amphipod species tested, Metaleptamphopus
pectinatus, failed to consume measurable quantities of any of the fresh thalli. P. gracilis
and G. antarctica both consumed significantly (P < 0.0001) more P. decipiens than any
of the other seven species of macroalgae presented in feeding trials, respectively (Figs.
1A,B). When comparing consumption rates among different feeding trial days, both
amphipod species exhibited significantly different consumption rates of algae on different
days (Table 1; p=0.01, P. gracilis; p=0.01, G. antarctica). However, the interaction
between algal treatments and the different days of the feeding trials had no effect on
consumption rates of G. antarctica (Table 1; p=0.78). This indicates that while the
consumption rates of G. antarctica fed the different macroalgal treatments varied from
day to day, the difference in consumption rate is mainly influenced by algal palatability.
In contrast, the interaction between algal treatments and the different days of the feeding
trials significantly influenced consumption rates in the amphipod P. gracilis (Table 1;
p<0.001). Nonetheless, the palatability of P. decipiens is still significantly higher than all
the other algal species. For both amphipod sf)ecies, two-way analysis of variance
demonstrated that P. decipiens was consumed significantly more than all other
macroalgae in each féedihg tria} (Table 1). Thus, we chose to present feeding rate data
combined over the three consecutive days of feeding trials (see Figure 1).
Our results based on the fresh thallus consumption of macroalgae indicated that

Palmaria decipiens is highly palatable to both the amphipods P. gracilis and G.

antarctica. However, consumption rates of amphipods on all other algal thalli did not
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exhibit significant variation. In addition, the amounts of these fresh thalli consumed did
not differ from zero (p > 0.05 for P. gracilis; p = 0.05 for G. antarctica). Therefore, for
these reasons, we were unable to make any inferences about the relative palatability of

these other seven macroalgal species.

Alginate Pellet Bioassays

The results of alginate fobd pellet bioassays containing ground thalli of the eight
target maeroalgae indicated that the amphipod Prostebbingia gracilis significantly (P <
0.05) prefers the macroalgae Palmaria decipiens, Myriogramme mangini and Gigartina
skottsbergii over the other macroalgae (Fig. 2A, 2B). The four least preferred
macroalgae were consumed at very low levels or not at all. Indeed the browﬁ macroalgae
Desmarestia anceps and D. menziesii had negative consumption values (Figure 2A).
Such negative consumption values resulted when experimental pellets containing a given
macroalgae were not consumed by amphipods yet absorbed greater amounts of water
over the course of the feeding experiment than did autogenic control pellets (no
amphipods present). In terms of net rates of consumption, P. gracilis consumed 2-10
fold greater amounts of the alginate pellets containing P. decipiens than any of the other
alginate food pellets (Fig. 2B).

The general feeding patterns of Gondogeneia antarctica proffered alginate food
pellets are similar but not identical to that of P. gracilis (Fig 3A, 3B). Alginate food
pellets containing P. decipiens were significantly (P <0.05) preferred over all other

macroalgae, with M. mangini the next most significantly (P < 0.05) preferred species.
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The remainders of the macroalgal species were consumed in very low quantities or not at
all (Fig 3A). In the case of D. menziesii, the mean consumption value was negative.
Similar to feeding experiments employing fresh thalli, we detected no
consumption of alginate food pellets by Metaleptamphopus pectinatus. In many cases

these amphipods broke down food pellets into small pieces but this was clearly due to

their locomotory activities and not from grazing.

Correlation Analyses of Macroalgal Nutritional Parameters
The results of the regression analyses indicated that for both P. gracilis and G.
antarctica consumption rates were not significantly related to any of the macroalgal

nutritional quality parameters (Table 2).

DISCUSSION

The results of the fresh thalli bioassays indicate that the amphipods Prostebbingia
gracilis and G. antarctica exhibited their highest consumption rates when grazing on the
thalli of the red alga Palmaria decipiens. Although the use of single species feeding
trails preclude this being directly interpreted as a food preference (Peterson & Renaud
1989), P. decipiens is clearly the most palatable algal food among the eight macroalgal
species examined. Differences in these macroalgal consumption rates may be linked to
either physical and/or biological factors. In terms of physical factors, algal morphology
has been shown to influence the palatability of algae to amphipod grazers feeding on
macroalgae occurring on coral reefs (Hay 1997). The eight macroalgal species presented

to Antarctic amphipods represent three distinct morphologies: 1) a high degree of
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branching and terete branches (Desmarestia anceps, D. menzesii, and Plocamium
cartilagineum), 2) moderately high degree of branching and flat branches"(D. antarctica),
and 3) no or low level of branchirig, comprised of one fo a few flattened blades (all
remaining species). Moreover, some of these macroalgae possess thalli with varying
degrees of toughness (Amsler et al. 2005). In the present study, each alga was cut into
pieces of similar mass in order to control for intersﬁeciﬁc differences in the morphology
of thallus edges. The pieces of algae used in the experiments were necessarily of
sufficient size to preclude “edge effects”. Given the low rates of consumption by
amphipods for all but one of the macroalgal species when presented as relatively large
pieces, detection of significant differences in palatability among these species may have
been obscured. This outcome precluded any meaningful evaluation of the possible
statistical correlation between consumption rates of fresh algae and measures of tissue
toughness conducted through penetrometry analyses by Amsler et él. (2005).
Nonetheless, it is noteworthy that the most palatable alga by far, P. decipiens, is among
the lower third of 30 species of Antarctic macroalgae in terms of toughness.

One of the three amphipod species we examined, Metaleptamphopus pectinatus,
did not consume either fresh thalli or artificial foods of any macroalgae as evidenced by
the lack of measurable changes in wet algal mass over the course of the feeding
experiments. Moreover, in contrast to the other two amphipods, no discernable algal
grazing scars were evident following the feeding trials. This likely indicates that M.
pectinatus does not exploit macroalgae directly as a food‘source but rather may graze on
epiphytic microalgae such as diatoms that colonize the surfaces of macroalgae. Our

results corroborate various reports (Chevreux 1913, Schellenberg 1931, Thurston 1972)
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that this species inhabits epiphytic mats growing on the holdfasts of brown (Desmarestia

. sp.) and red (Gigartinacea) macroalgae at sites along the Antarctic Peninsula and at South:
Georgia. Other: studies have néted Antarctic amphipods that feed on epiphytes including
diatoms, but these studies have focused on diatoms growing on sea ice (Richardson 1977,
Richardson & Whitaker 1979). Amphipods have also been observed to feed on epiphytes
growing on subtropical seagrasses (Mukai & Iijima 1995, Duffy & Harvilicz 2001).

vIn order to control for the effects of morphological differences in the edges éf

fresh thalli, we also conducted amphipod feeding assays using uniformly sized artificial
alginate foods impregnated with finely ground algal tissues. While there were small

~ differences in the ranking of consumption rates of macroalgal species between the two
amphipod species, similar to the fresh thalli bioassays, both Prostebbingia gracilis and
Gondogeneid antarctica have the highest consumption rates when presented pellets
containing the alga Palmaria decipiens. However, in contrast to the fresh thalli
bioassays, artificial foods containing ground tissues of the macroalgae Myriogramme
mangini and Gigartina skottsbergii were also consumed at relatively high rates, indeed,
in the case of P. gracilis, consumption rates of both these algae were statistically
indistinguishable from those for P. decipiens. The lack of consumption of M. mangini
and G. skottsbergii when presented as fresh thalli suggests that toughness may play some
role in its low palatability to amphipods when presented intact. Indeed, M. mahgihi is
11" in terms of toughness and G. skottsbergii is the toughest amongst 30 species of
macroalgae ¢xamined from the Antarctic Peninsula (Amsler et al. 2005, Peters et al.
2005). It is possible that these amphipods might exploit these macroalgae as a food

resource should they be dislodged from the substrate, and subsequently broken down into
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detritus through grazing activities of macroherbivores and through other natural
degradation processes.

Information on the feeding habits of Antarctic benthic omnivores known to
include macroalgae in their diets, including the common circumpolar sea star Odontaster
validus and the Antarctic rockfish Notothenia coriiceps, indicates that both Palmaria
decipiens and G. skottsbergii are also palatable to these sympatric macrograzers (Amsler
et al. 2005). We found the amphipod P. gracilis also consumes food pellets containing
ground tissues of the red alga Iridea cordata, a species palatable to the rockfish N.
coriiceps (Amsler et al. 2005), but chemically defended against the sea star O. validus
(Amsler et al. 2005) and the sea urchin Sterechinus neumayeri (Amsler et al. 1998).

Peters et al. (2005) evaluated a suite of nutritional parameters of 40 species of
macroalgae from the Antarctic Peninsula including those ex;mined in the present study.
If soluble protein content is considered a proxy for nutritional value (Cruz-Rivera & Hay
2000b, 2000a), it is clear from our regression analysis that there is no significant
correlation between algal nutritional value and consumption rates of amphipods presented
macroalgal food pellets. Nonetheless, it should be noted that in both fresh thalli and
alginate pellet assays, P. gracilis and G. antarctica preferred the macroalga Palmaria
decipiens which had the highest soluble protein content (9.3% dry wt) among the
macroalgal species (soluble protein contents of the remaining macroalgal species ranged
from 2.5% - 9.2% Peters et al. 2005).

A variety of macroalgae are known to harbor defensive secondary metabolites
that are deterrent to grazers (Paul et al. 2001, Van Alstyne et al. 2001, Paul & Puglisi

2004). With respect to the present study, the brown macroalgae Desmarestia menziesi,
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D. anceps, and D. antarctica and the red algae Plocamium cartilagineum, Myriogramme
mangini, and Iridea cordata have been shown to be chemically defended against
sympatric herbivores including omnivorous sea stars and fish (Amsler et al. 2005). Four
of these macroalgae (D. anceps, D. menziesii, D. antarctica, and P. cartilagineum) have
been found to be chemically defended against herbivory by the amphipod Gondogeneia
antarctica (Amsler et al. 2005). In the present study, in both fresh thalli and alginate
pellet assays, these same four species of macroalgae were either not consumed at all or
consumed in very low quantities by Prostebbingia gracilis and Gondogeneia antarctica,

suggesting that chemical defenses contribute to their lack of palatability.
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Table 1. Two way analysis of variance comparing consumption rates of amphipods
offered eight species of fresh macroalgal thalli.

Source of Prostebbingia gracilis Gondogeneia antarctica
variation daf SS F ratio P SS F ratio P
Algal treatments 7 9.88 8.19 <0001 }| 75.05 48.97 <.0001
Trial days 2 1.92 - 5.59 0.0056 1.97 4.49 0.0145
Algal treatments x 14 16.5 6.84 <.0001 2.10 0.69 0.7798
trial days
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Table 2. Regression analyses comparing macroalgal nutritional parameters to amphipod
consumption rates on macroalgal food pellets (nutritional parameters from Peters et al.

2005).
Nutritional n Line?lr 2 p
Parameter . Equation
Prostebbingia gracilis
N (%) 6 y=05x+23 0.33 0.23
C (%) 6 y=0.5x+26.9 0.06 0.65
C:N 6 y=-1.1x+12.7 0.16 0.43
Protein 6 y=0.1x+5.7 0.002 0.94
Carbohydrate 6 y=83x+11.6 0.33 0.24
Lipid 6 y=-12x+4 0.38 0.19
Gondogeneia antarctica
N (%) 7 y=0.02x+2.6 0.27 0.23
C (%) 7 y=-0.02x+289  0.05 0.62
C:N 7 y=-0.05x+13 0.27 0.23
Protein ~ 6 y=13x+30 0.02 0.80
Carbohydrate 6 y=03x+30.2 0.04 0.69
Lipid 6 y=-6.5x+52 034 022
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Figure 1. Results of single species feeding trials offering pieces of fresh thalli of eight
Antarctic Peninsular macroalgae to the amphipods Prostebbingia gracilis (A) and
Gondogeneia antarctica (B). Bars represent means + standard error of mean (n = 12).
Similar letters above bars indicate no statistical differences (P < 0.05) among the means
(two-way ANOVA followed by Tukey’s HSD). DME = Desmarestia menziesii; DAN =
Desmarestia anceps,; ANT = Desmarestia antarctica; IR1 = Iridaea cordata; PLO =
Plocamium cartilagineum; GIG = Gigartina skottsbergii; MYR = Myriogramme mangini;
PAL = Palmaria decipiens. Data shown are combined across the three consecutive days
of feeding trails as two-way analysis of variance indicated that statistical groupings of
feeding rates did not vary between days for either amphipod species.
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Figure 2. Results of single species feeding trials offering alginate pellets containing
freeze-dried and finely ground thallus tissues of eight macroalgae to the amphipod
Prostebbingia gracilis. (A) Net consumption rate of P. gracilis presented alginate food
pellets containing macroalgal species. Controls consisted of alginate pellets containing
the palatable green alga Cladophora repens. (B) Relative consumption derived from net
consumption rates shown in Figure 2A. Similar letters above bars indicate no statistical
difference (P < 0.05) among the means (Friedman’s test, multiple related samples
ANOVA) followed by multiple t-tests using the Bonferroni adjustment for multiple
comparisons. Bars represent means + standard error of mean (n = 10). See legend in
Figure 1 for abbreviations of macroalgae.
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Figure 3. Results of single species feeding trials offering alginate pellets containing
freeze-dried and finely ground thallus tissues of eight macroalgae to the amphipod
Gondogeneia antarctica. (A) Net consumption rate of G. antarctica presented alginate
food pellets containing macroalgal species. Controls consisted of alginate pellets
containing the palatable green alga Cladophora repens. (B) Relative consumption
derived from net consumption rates shown in Figure 2A. Similar letters above bars
indicate no statistical difference (P < 0.05) among the means (Friedman’s test, multiple
related samples ANOVA) followed by multiple t-tests using the Bonferroni adjustment
for multiple comparisons. Bars represent means + standard error of mean (n = 10). See
legend in Figure 1 for abbreviations of macroalgae.
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ABéTRACT

Seasonal fluctuations of mesofaunal communities associated with aboveground
biomass (blades) of the common seagrasses Thalassia testudinum and Halodule wrightii
and their associated epiphytes were examined over a one year period in Saint Joseph Bay,
Florida. Samples collected in each of 12 months revealed that 7. testudinum seagrass
blades harbored the highest levels of mesofaunal species richness and species diversity
during summer. In contrast, aboveground blades of H. wrightii only occurred at the study
sites in in six months of the study (June — Nov) with the highest levels of mesofaunal
species richness and species diversity occurring in October. The most abundant groups
of mesofauna to associate with the blades of T. testudinum were amphipods (47.9%) and
gastropods (42.9%). Both groups peaked in abundance in February and April,
respectively. The most abundant groups of mesofauna to associate with the blades of H.
wrightii were gastropods (55.7%), amphipods (28%) and decapods (7.6%). These groups
peaked in abundance in September, July, and October, respectively. A correlation
analysis between the abundances of amphipods and gastropods and seagrass blade-
associated epiphytic biomass indicated a positive correlation in some of but not all
months for both seagrass species. The population densities (# per 100 g wet wt seagrass)
of mesofaunal species collected from blades of both seagrasses varied significantly
throughout the sampling periods. Both analyses of similarity (ANOSIM) and non-metric
multidimensional scaling (MDS) demonstrated that blade-associated mesofaunal
communities, (population densities and species composition) found in association with 7.

testudinum and H. wrightii differed significantly from one another.
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INTRODUCTION

Marine mesofauna, which include the conspicuous gastropods, amphipods,
isopods, and polychaetes, along with other smaller invertebrate taxa, are ubiquitous
across a wide suite of marine environments. While some are free-living within the water
column or occur in association with inert materials such as rock or sand substrata, most
are closely associated with living substrates including macroalgae (Hay & Fenical 1988,
Hay 1997, Hay et al. 1998, Lippert et al. 2001), seagrasses and their associated epiphytes
(Nelson 1980, Nelson et al. 1982, Stoner 1983, Lewis 1984, Edgar 1992, Orth 1992,
Jernakoff et al. 1996, Jernakoff & Nielsen 1997, Lavery & Vanderklift 2002), bryozoans
(Coleman 1989), and benthic macroinvertebrates such as sponges and ascidians (Thiel
2000). These diverse living substrates may provide mesofauna with a variety of
distingtive resources including food, and refuge from predation and/or environmental
stresses (Duffy & Hay 1991).

Both the biological and physical factors that regulate the distribution and
abundance of mesofauna associated with marine plants, and especially seagrasses, have
been broadly studied (Hay & Fenical 1988, Hughes & Gliddon 1991, John et al. 1992,
Jernakoff et al. 1996). These studies have demonstrated that epiphyte structure and
composition (Mukai & lijima 1995, Pavia et al. 1999), plant chemical defenses
(Stachowicz & Hay 1999), predation pressure (Wooster 1998, Sparrevik & Leonardsson
1999), complexity of the habitat (Lubchenco 1978, Parker et al. 2001), and hydrological
conditions (Aikins & Kikuchi 2001, Duggins et al. 2001) may all, to varying degrees,

“influence aspects of patterns of distribution and abundance of seagrass-associated

mesofauna.
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The ecology of marine seagrass meadows and their associated fauna have been
intensively studied (Nelson et al. 1982, Lewis & Stoner 1983, Lewis 1987, Edgar 1992,
Orth 1992, Valentine & Heck 1993, Thom et al. 1995, Jernakoff et al. 19§6, Lee 1997,
Bologna & Heck 1999, Bostrém & Mattila 1999, Leonard & McClintock 1999, Duffy et
al. 2001, Schanz et al. 2002). The considerable attention given these ecological systems
is related to their ecological importance and relative ease of éccessibility (Hemminga &
Duarte 2000). Seagrass meadows both directly and indirectly provide a wide diversity of
resources .for marine organisms including refugia for adult, and especially juvenile, life
history stages of marine invertebrate_s and fish, a rich source of prey (Buck et al. 2003),
facilitation in locating mates, and abundant living substrates for plant and animal
recruitment (Schneider & Mann 1991b, 1991a). The collective effect of these factors is
that the biomass of mesofauna within seagrass communities is on average much higher
than that in neighboring unvegetated areas (Lewis 1984, Valentine & Heck 1993).

Experimental field manipulations employing techniques including caging and
tethering, in addition to laboratory microcosm and mesocosm experiments, have all been
employed to elucidate the mechanisms contributing to increased abundances of
invertebrates and fish within seagrass beds (Nelson et al. 1982, Schneider & Mann 1991b,
Bostrom & Mattila 1999, Zupo & Nelson 1999, Gambi et al. 2000, Hovel & Lipcius 2001,
Lee et al. 2001). While many representatives of the mesofauna are known to feed on
periphyton and epiphytes encrusting seagrass blades, seagrass can also be a direct food
resource for mesofauna including amphipods and isopods (Bostrém & Mattila 1999).
Studies to date on chemically mediated seagrass-animal interactions have focused

primarily on the role of seagrasses in inducing the settlement of marine invertebrate
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larvae; however, seagrasses are also potential candidates to harbor chemical defenses
against crustacean meéofauna (McMillan et al. 1980). To facilitate future studies
| designed to detehnine chemical (feeding deterrent), physical (morphology, toughness)
and biological (nutrient composition, epibionts) characteristics of seagrasses as they
relate to patterns of associated mesofauna, studies are_ﬁrst needed to compare seasonal
_patterns of seagrass-associated mesofaunal communities.

The main objectives of the present study were to: 1) determine and compare the
seasonal patterns of abundance of seagrass biomass, associated epiphyte biomass, and a
variety of parameters that characterize seagrass blade-associated mesofaunal
communities (species richness and diversity, abundances of primary taxonomic groups,
population density, and community composition) associated with two common species of
seagrasses in a protected bay environment of the northern Gulf of Mexico, and 2)
determine whether patterns of seagrass epiphytic load are correlated with the associated
patterns of abundance of primary taxonomic groups of mesofauna comprising these two

seagrass-associated communities.

MATERIALS AND METHODS
Study site
Saint Joseph Bay is located on the western panhandle of Florida in the
northeastern Gulf of Mexico (29°N, 85.5°W) and is a semi-closed embayment well
protected by an L-shaped sandy peninsula; the only connection with the Gulf of Mexico
is a 3-kilometer wide opening at the northern mouth of the bay. There is little freshwater

input and salinities and water temperatures range from 26 to 37 %o and 11 to 35 °C,
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respectively (Beddingfield & McClintock 2000). The mean tidal range is approximately
0.5 -1 m and wave action is minimal as the bay is well protected from the open gulf
waters (Rudloe 1985). Seagrass meadows are scattered within the embayment and
provide an estimated cover approximately 26 km? of the benthos (McNulty et al. 1972).
The dominant seagrass species in the bay include the common turtle grass Thalassia
testudinum accompanied by smaller populations of two species of eelgrasses, Halodule
wrightii and Syringodium filiforme (Iverson & Bittaker 1986).
/
Annual ﬂuctuation of the mesofaunal communities
Three discrete meadows of Thalassia testudinum and Halodule wrightii were -
identified as study sites (each meadow ranged from 10 to >100 m in diameter; 7.
testudinum — 1-2 m depth, H. wrightii 0 — 1 m depth). Within each of these three
replicate seagrass meadows, triplicate or quadruple samples of seagrass and associated
epibionts were sampled monthly over a one year period (January - December 2004).
Séagrass and their associated mesofauna were collected from haphazardly selected
sampling sites located approximately 3 m within the seagrass-sand border of a given
seagrass bed. A PVC cylinder (103 mm radius x 600 mm height) was used to enclose
above-ground blades and these were then collected by lowering the PVC sampling
cylinder until it was several mm above the substratum and gently cutting the blades using
scissors. Each seagrass sample and its associated mesofauna were then immediately
placed in a sealed collecting bag (32.5 x 25.5 cm plastic Ziploc). Immediately folloWing
collection, seagrass samples and their associated epiphytes and mesofauna were placed in

a cooler and returned to the laboratory for immediate processing. Seagrass blades were
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subsequently rinsed with seawater to remove all associated mesofauna, and then the
collected seawater sieved through a strainer (mesh size = 1 mm) and the resultant
mesofaunal organisms fixed in 5% formalin in seawater for later enumeration and
identification. Epiphytes were scraped thoroughly off each seagrass bladé using the edge
of a glass slide and epiphytic mass determined using a microbalance (Mettler PM600).
Seagrass blades from each sample were blotted to remove surface water and their fresh

weight (FW) measured.

Identiﬁcation of mesofauna
All collected mesofauna associated with aboveground seagrass blades were examined
using a dissecting microscope (Nikon Model 77041). Taxonomic identifications of
amphipods were based on keys to Florida amphipods (Thomas 1993, LeCroy 2000, 2002,
2004). Where possible molluscs were identified to génus or species (Abbott & Morris
1995). Mesofauna taxa that were not identified to genus of species levels were
categorized in to broad taxonomic groupings (i.e., hermit crabs, polychaetes, nudibranchs,

etc.)

Statistical analyses
The abundance of mesofauna associated with seagrasses were computed as the total
number of individuals per 100g algal FW. Analysis of the structure of seagrass-
associated mesofaunal assemblages included determinations of: 1) total abundance of
individuals (N), 2) total number of species (S), 3) species richness (d), and 4) Shannon-

Wiener diversity (H’). Quantitative statistical comparisons of monthly patterns of
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mesofaunal abundance and diversity associated with both species of seagrasses were

. conducted using a one-way ANOVA following by Tukey’s Honestly Significant
Difference (HSD) tests using SAS statisticél software (SAS Institute Inc., Cary, NC,
USA). The affinities among different seagrass species and species composition of
associated mesofauna were analyzed using PRIMER (Plymouth Marine Laboratory,
Plymoutﬁ, UK; Clarke and Gorley, 2001) based on the Bray-Curtis similarity index for
the standardized species abundance matrix. Analysis of similarity (ANOSIM) was
employed to facilitate a statistical comparison of overall similarities of mesofaunal
communities associated with different seagrass species. In order to further evaluate the
findings of the Bray-Curtis similarity index, a non-metric multidimensional scaling
(MDS) analysis was employed that is based on a matrix of mesofaunal composition and
population densities. The strength of the two-dimensional MSD display of relationships
between samples is indicated by the Kruskal stress formula, With stress values < 0.1
indicative of a good outcome, and stress values > 0.2 indicative of a poor outcome.
Stress values between 0.1 and 0.2 correspond to a significant depiction of relationships

(McCune & Grace 2002).

RESULTS
Seagrass and epiphyte biomass
Throughout the one year study period monthly samples of aboveground blades of
Thalassia testudinum yielded measurable quantities of blade biomass; however,
aboveground blade biomass of Halodule wrightii was present only from June to

November, 2004. Biomass (g wet wt per m?) of aboveground blades for both seagrass
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species were signiﬁcantly higher during the summer months (June, Jﬁly, and August) and
declined dramatically or disappeared in winter (ANOVA; F | 108 =21, F 5 54 = 4.5,
respectively, P < 0.01; Fig 1a). Biomasses of blade-associated epiphytes also showed
significant seasonal fluctuations in both seagrass species. Biomasses of blade-associated
epiphytes of 7. testudinum had significantly higher abundances in March and November
when compared with other months throughout the year (ANOVA; F 4,108 =4.56,P <
0.01: Fig 1b). The highest abundance of epiphytic biomass associated with the blades of
H. wrightii occurred in July (Fig. 1b). Although not statistically significant (T-test, P >
0.05), the biomass of blade-associated epiphytes showed a trend of greater biomass in
association with 7. testudinum blades in March due to a temporary bloom of attached

macroalgal species (e.g. Gracilaria sp. and Centracerus sp.).

Seagrass-associated mesofaunal species richness and diversity

A total of 4,174 individuals représenting 53 mesofaunal taxa were found in
association with blades of one or both seagrass species over the duration of the one year
sampling period‘. Twenty of these taxa were found to occur in common,iwhile 29 and 3
taxa, respectively, were found to be unique to Thalassia testudinum and Halodule
wrightii. Monthly species richness (d) and diversity index (H?) values for mesofauna
associated with 7. festudinum were lowest in January, February, March, and April and
than gradually increased, reaching a peak in June (Fig. 2). Both species richness and,
especially species diversity indices, for mesofauna associated with 7. testudinum
decreased in December. The species richness and diversity of mesofauna associated with

H. wrightii over the six month period blades were present (June — Nov) were highest in
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June and October and lowest in July. Except for the month of October (T-test, P <0.01),
species richness and diversity indices for mesofauna associated H. wrightii were lower

that those for T, testudinum (Fig. 2).

Annual abundance patterns of seagrass-associated mesofaunal communities

To examine annual abundance patterns of the primary taxa comprising seagrass-
associated mesofaunal communities, mesofauna were pooled into five broad categories
including amphipods, isopods, decapods, gastropods, and miscellaneous taxa. Over the
study period a total of 3,089 individuals were collected from the blades of Thalassia
testudinum. These were comprised of amphipods (47.9 %), isopods (0.7 %), decapods
(2.6 %), gastropods (42.9 %), and miscellaneous taxa (5.9 %) (Table 1). Total
abundances of amphipods associated with T testudinum were highest in February and
decreased significantly in June and July (Fig 3a). Gastropods, the second most abundant
taxa, were most abundant in April and then decreased throughout the winter months.
With the exception of March, both isopods and decapods occurred in consistently low
abundances throughout the study period (Table 1).

The annual abundance patterns of seagrass-assoéiated mesofauna for blades of
Halodule wrightii over the six month period (June — November) that aboveground
biomass was present are illustrated in Fig. 3b. A total of 1088 individuals were collected
from the blades of H. wrightii. These were comprised of amphipods (28 %), isopods (3
%), decapods (7.6 %), gastropod (55.7 %) and miscellaneous taxa (5.6 %). Total
abundances of amphipods were highest in July, whereas other taxonomic groups occurred

in significantly lower abundances during the same month (ANOVA; F 4 45 =, P <0.05).
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A comparative analysis of mesograzer abundances between the two seagrass
species indicated that the abundances of amphipods associated with Halodule wrightii
were significantly higher than those for T. iestudinum in June and July (T-test; P <0.05).
Moreover, abundances of isopods and decapods were significantly higher for blades of H.
wrightii than for T. testudinum in August, Septerhber, and October and in June,
September and October, respectively (Table 1). The abundances of gastropods associated
with blades of T. testudinum were significantly higher than those for H. wrightii in July,
Octorber, and November (T-test; P < 0.05).

The most numerically dominant amphipod species associated with blades of
Thalassia testudinum were the gammarids Cymadusa compta, Ampitheo longiman, and
Erichthonius brasiliensis (Fig. 4). E. brasiliensis, and the caprellid, Paracaprella tenuis,
were collected in association with blades of 7. festudinum. Abundances of the common
isopod Edotea montosa were low and only occurred in association with blades of T.
testudinum in March and June. The most numericaily dominant decapod crustacean
were juveniles of the shrimp Penaeus sp. Juvenile shrimp showed a notable increase in
relative abundance in November (Fig. 4). The most abundant gastropod, Bittium varium,
was collected from the blades of 7. festudinum throughout the year with significant
increases in abundance occurring in April. The limpet Siphonaria sp. was commonly
found on blades of T. testudinum during the summer and fall (Fig. 4).

The most numerically dominant amphipod species associated with the blades of
Halodule wrightii were the gammarids Cymadusa compta, Cerapus cudjoe, and an
unidentified species (Fig. 5).. C. compta were collected in all sampling months except for

July. Abundances of the unidentified gammarid amphipod increased significantly in the
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same month. The abundances of the tube-dwelling amphipod C. cudjoe were highest in
June. Two species of isopods, Edotea montosa and an unidentified isopod species,
occurred in relatively low abundances, with E. montosa detected in September and
October and the unidentified species collected in every month except July. The most
numerically dominant decapods were juveniles of two species of shrimp (Penaeus sp. and
an unidentified species). Numbers of both shrimp species increased in October and
November (Fig. 5). The most abundant gastropod, Bittium varium, was collected in June,
Aug, Sept, and Nov. Herﬁit crabs were collected in each of the six months that H.

wrightii blades were sampled, especially in September and October (Fig. 5).

Patterns of seagrass epiphytic biomass and mesofaunal abundances

The results of linear regression analyses between monthly epiphytic biomass and
abundances of the most common mésograzers (amphipods and gastropods) are presented
in Table 2. Abundances of amphipods were significantly positively correlated with
| Thalassia-associated epiphytic biomass during five of the 12 months sampled, especially
during the spﬁng and early summer (April, May, and June). Total abundances of
gastropodé were also significantly positively correlated with Thalassia-associated
epiphytic biomass in May, July, and Oct. Abundances of both amphipods and gastropods
were significantly positively correlated with Halodule-associated epiphytic biomass in
two of six months that blades were sampled (July and Nov and Oct and Nov for

amphipods and gastropods, respectively) (Table 2).
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Mesofaunal community cbmpositions

Mesofaunal community composition based on the population densities (#
individuals per 100 g wet wt seagrass) of each species associated with blades of T.
;‘estudinum and H. Wrightii were compared using analysis of similarity (ANOSIM) during
the six months both seagrasses were found to simultaneously occur at the sampling sites.
A Global Test for Differences between mesofaunal communities associated with blades
of the two seagrass species during this six month period indicated that mesofaunal
community compositions were significantly dissimilar (R =0.51; P <0.01). Paired tests
of mesofaunal community compositions between the two seagrass species revealed these
dissimilarities occurred in each month (R = 0.50 -0.93; P <0.01) Moreover, results of a
non-metric multidimensional scaling (MDS) analysis in two dimensions indicated that 7.
testudinum blade-associated mesofaunal communities were also significantly different
from those associated with H. wrightii (Fig. 6; stress = 0.19). The stress value decreased

to 0.14 when the community data were analyzed using a three dimensional approach.

DISCUSSION
Thalassia testudiun and Halodule wrightii are both common seagrasses in the
northern Gulf of Mexico (Iverson & Bittaker 1986, Valentine & Heck 1993). Seagrasses
in this subtropical region typically have their highest levels of productivity dufing the
warmer seasons when environmental factors such as temperature, light and nutrition may
be optimized for growth (Hemminga & Duarte 2000). In the present study, annual
patterns of aboveground biomass of blades of both T. testudinum and H. wrightii were

highest in summer months (June, July and August). This contrasts somewhat with annual

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



98

pattefns of aboveground biomass observed for these two seagrass .species in Saint Joseph
Bay, Florida by Valentine and Heck (1993). While they similarly found aboveground
biomass to increase in both seagrass species from June to a peak in August, a second
peak in seagrass bfomasses occurred from Oct to Dec. It is possible that the much lower
levels of above-ground biomass observed in the present study in the fall months are the
result of lower seasonal sea water temperatures or the selection of study sites in shallower
depths. Previous studies have reported that the major environmeﬁtal factor influencing
fluctuations of biomass of seagrassés is sea water temperature (Marba et al. 1996,
Laugier et al. 1999,~Hemminga & Duarte 2000). The 7. testudnium meadows sampled in
the present study were located at the lower edge of the tidal zone with some plants
experiencing aerial exposure at low tides; H. wrightii were located even shallower in the
near-shore tidal zone at depths sufficiently shallow to routinely expose blades during
diurnal low tides (Huang, pers. obs.). Although monthly sea water temperatures in Saint
Joseph Bay typically range from 11 to 32.5 °C (Huang, unpublished data), winter‘and :
spring air temperatures can be as low as -4 °C (Beddingfield & McClintock 1994). Such
low temperatures are likely to damage aboveground blades of seagrasses during ebb tides
in Saint Joseph Bay. In the present study the potential negative effect of low temperature
on the growth of H. wrightii meadows was particularly evident in winter and spring
months (Dec — May) when aboveground biomass became undetectable. When bay sea |
water temperatures began to rise in the early summer (June), growth in H. wrightii was
characterized by the rapid emeréence of young blades from underground rhizomes.

The épiphytic communities associated with seagrass blades are typically

comprised of a diversity of organisms including blue-green algae, diatoms, and
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encrusting algae, all of which are potential food recourses for grazers (reviewed by
Jernakoff et al. 1996). Epiphytic assemblages associated with seagrasses in western
Australia may vary significantly with seagrass species and with season (Lavery &
Vanderklift 2002). Additional factors likely to influence epiphytic assemblages include
seagrass morphology, age, and location (Jernakoff et al. 1996 and references inside).
Although both seagrass species examined in the present study possess linear, strap-
shaped aboveground blades, the width and lengths of the blades vary éonsiderably
between the species (ranges = 4-12 and 0.3 — 1 mm widths and 10-60 and 5-18 cm
lengths for T testudinum and H. wrightii, respectively). These differences may have
contributed to T. festudinum providing a more suitable substrate for attachment of several
species of drift macroalgae (Gracilaria sp. and Centracerus sp.) that were observed in the
spring (March).

The higher epiphytic biomass associated with blades of T. testudinum occurred in
summer and was attributable mainly to coralline algae that covered the majority of the
surface of seagrass blades (Huang, per. obs.). Similar to 7. testudinum, the maximum
epiphytic loads (biomass) associated with the blades of Halodule wrightii occurred in
July. This was attributable primarily to diatoms and filamentous cyanobacteria that may
exploit the restricted surface areas of the blades that characterize this seagrass species.
Ratios of epiphyte to seagrass biomass during the summer months were surprisingly low,
a likely result of increased grazing on seagrass epiphytes by invertebrate and vertebrate
macrograzers (e.g. the sea urchin Lytechinus variegatus and the pinfish Lagodon

rhomboides) (Montgomery & Targett 1992, Klumpp et al. 1993, Valentine et al. 2000).
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Seasonal patterns of seagrass-associated mesofaunal species richness and species
diversity mirrored those of seagrass biomass. Mesofaunal species richness and species
diversity was highest in the summer months, peaking in June, and generally lowest
during the winter. From a macro-scale perspective, the patchy distributions of multi-
species complexes of discrete seagrass meadows in Saint Joseph Bay provide a diversity
of habitats for mobile mesofaunal invertebrates. During the summer months, when
aboveground seagrass biomass is rapidly increasing, these increases in habitat complexity
are likely'to contribute to the observed increases in blade-associated mesofaunal species
richness and species diversity. From a micro-scale perspective, the concomitant growth ’
of epiphytes on the surfaces of seagrass blades during the early summer increases the
heterogeneity of habitat structure, likely further contributing to higher mesofaunal species
richness and species diversity (Schneider & Mann 1991b, Bologna & Heck 1999).

While few mesofauna have been observed to directly feed on seagrasses, many
taxa including amphipods, isopods, and gastropods utilize seagrass-associated epiphytes
directly as food resources (Mukai & lijima 1995, Jernakoff & Nielsen 1997). In
meadows of T. testudinum, the highest increase of blade-associated epiphytic biomass
occurred in the spring (March) and was similarly reflected in an increase in both
mesofaunal specie richness and species diversity. The observed decline in these variables
from épeak in June to lower levels in July may be the result of top-down factors such as
increased levels of pinfish predation (Nelson 1979). Both species richness and species
diversity of mesofaunal communities associated with 7. testudinum were higher than
those for H. wrightii except for the month of October. This may be related to the larger

relative surface area provided by the blades of T. testudinum and thus a resultant greater
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abundancé and diversity of associated epiphytes and concomitant habitat heterogeneity
that may further attract mesograzers.

Within the five primary mesofaunal groups examined in the present study
(amphipods, isopods, decapods, gastropods, and miscellaneous taxa), amphipods and
gastropods were the most abundant (standardized as individuals per unit seagrass mass).
Both of these groups are considered to be important seagrass-associated mesograzers
(Jernakoff et al. 1996). Unlike previous studies that more coarsely sampled seagrass
habitats (e.g., quadrat samples, suctién samples, etc), the sampling techniques employed}
in the present study allowed an unbiased evaluation of mesofauna that occur in
unequivocal association with seagrass blades. Similar to the findings of Valentine and
Heck (1993) who detected a peak abundance of amphipods associated with T testudinum
habitats in winter in Saint Joseph Bay, we found the abundance of 7. testudinum blade-
associated arnphipods to be highest in February and gradually decrease through the spring
and summer. This may be related to amphipods aggregating in higher densities upon
seagrass blades during the winter months when shoot density is lower than during the
summer (Huang, pers. observation). Dramatic declines in amphipod abundances
associated with blades of 7. testudinum and H. wrightii in July and September,
respectively, may be related to increased pinfish predation as previously suggested.
Mesofaunal gastropods associated with the blades of T. testudinum peaked in abundance
in April, August, and November, generally corresponding to peaks in epiphytic biomass
in March, June, and November. This suggests that mesogastropods may be exploiting

epiphytes as a nutritional resource.
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Itis noteworthy that the July maximum in amphipod abundances found in
association with blades of Halodule wrightii was primarily the result of the dominance of
a single amphipod species (unidentified amphipod species #2). Its elongated body
segments equipped with short appendages likely facilitate clinging behaviors when
associating with the finer blade morphology that characterizes H. wrightii. During the
fall (Oct, Nov), juvenile penaeid shrimp increased in abundance in association with the
blades of H. wrightii. This contrast‘s with the findings of Valentine aﬁd Heck (1993) who
found the highest abundances of shrimp associated with this seagrass species in the
months of February and June. Previous studies of the life history of penaeid shrimp in
the Gulf of Mexico have shown that the distribution and migration patterns of postlarvae
are influenced by salinity (Hoese 1960, Gunter 1961). Our findings coupled with those
of Valentine and Heck (1993) indicate that juvenile shrimp associate with H. wrightii
broadly across seasons (late winter, early summer, fall) and suggest that seasonal
recruitment patterns may vary interannually or within and between species (Baxter &
Renfro 1966).

Epiphytized blades of the seagrass Thalassia testudinim have been shown to result
in increased abundances and species richness of associated mesofauna (Bologna & Heck
1999). Employing artificial epiphytic structures and natural fouling epiphytes growing
on artificial seagrass units, these investigators demonstrated that epiphytes function
primarily as food resources rather than as shelter. Epiphytic grazing has been observed in
amphipods including Amphithoe sp. that occurs in association with the seagrass,
Syringodium isoetifolium (Mukai & lijima 1995). In the present study, regression

analyses indicated that abundances of amphipods were positively correlated with the
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biomass of epiphytes associated with the blades of T. testudinum and H. wrightii in at
least some months representative of spring, summer and fall. In addition, abundances of
gastropods were positively correlated with epiphytic biomass in several months of both
summer and fall for both seagrass species.

A non-metric multi-dimensional scaling (MDS) analysis demonstrated that
mesofaunal communities (population densities of each collected species and species
corhposition) associated with aboveground blades of T. testudinum and H. wrightﬁ' were
significantly different from one another during the entire collective six month sampling
period when aboveground biomass of both seagrasses co-occurred. Mbreover, an
analysis of similarity (ANOSIM) revealed that the mesofaunal communities associated
with blades of both seagrass species differed from one another in each of these six
months. These observations are similar to previous studies that have found community
level differenc¢s in blade-associated mesograzers in meadows comprised of different
species of seagrasses (Lewis 1987, Schneider & Mann 1991b, 1991a, Edgar 1992,
Valentine & Heck 1993). Mesofauna may actively or passively select blade-associated
habitats based on a variety of factors including seagrass architecture, associated biofilms
and epiphytic assemblages, hydrological conditions, and as refugia from predation
(Jermakoff et al. 1996). The present study provides further evidence that studies of the
dynamiés of seagrass communities and their associated mesograzers and epiphytes

necessitate incorporation of patterns of their temporal and spatial variation.
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Table 1. Mean abundance (individuals per 100 g. wet wt. seagrass) of the major taxonomic groups associated with aboveground

seagrass blades in St. Joseph Bay, Florida, in 2004. T: Thalassis testudinum; H: Halodule wrightii. Bold print indicates those

abundances that were statistically significantly higher than the other abundance within the same month (T-test; P < 0.05).

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
| Amphipods
T 5863 1100.8 290.7 1389 | 19.2 7.9 25’.7. 26.0 25.6 43.4 33.4
H 383 3116 51.0 18.1 27.8 17.0
Isopods
T 42.7 88.6 0 4.6 0.6 0 0 0 0 0 2.8
H - 23.4 0 7.8 2.6 6.2 0.8
Decapods |
T 7.1 1052 148 8 0.9 1.7 9.2 0.8 4.6 0.6 0
H 28.7 0.8 12.7 13.8 65.1 43.9
Gastropods
T 161.8 373.1 1663 1562 1017 1173 2374 972 93.8 128.1 8
H | 1178 55 5168 2701 278 312
Miscellaneous Taxa '
T 72.4 27.7 67.7 48.8 28.3 12.7 19.2 15.9 2.6 13.1 1.4
H 14.1 8.2 196 414  36.6 6.3

011
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Table 2. Regression analyses of epiphytic biomass and abundances of two potential
mesograzers (amphipods and gastropods), associated with the blades of two common
seagrass species.

Thalassia testudinum associated epiphytes (biomass) versus Amphipod abundance

N Linear Equation P value

JAN 10 y =0.007 x + 0.06 0.42 0.04
FEB 10 y=0.002 x + 0.56 0.02 0.68
MAR 10 y=-0.035x+2.48 0.04 0.56
APR 10 y=0.128x+0.10 0.55 0.01
MAY 10 y =0.056 x + 0.05 0.58 0.01
JUN 10 y=0.339x+0.28 0.88 <0.01
JUL 10 y=0.456 x +0.36 0.70 0.09 '
AUG 10 y=0.018 x +0.40 0.01 0.15
SEP 10 y=-0.035x+0.37 0.04 0.58
OCT 10 y=0.287 x + 0.47 0.70 - 0.002
NOV 10 y=-0.142x+2.71 0.17 0.24
DEC 10 y =0.001 x + 0.07 0.00 0.97

Thalassia testudinum associated epiphytes (biomass) versus gastropod abundance

2

n Linear Equation r P value
JAN 10 | y=0.036x+0.18 0.10 0.38
FEB 10 y = 0.002 x + 0.56 0.03 0.62
MAR 10 y=-0.135 x +2.69 0.07 0.46
APR 10 y=0.017 x + 0.26 008 . 040
MAY 10 y = 0.059 x - 0.02 0.58 0.01
JUN 10 y=0.018 x + 1.01 0.02 0.67
JUL 10 v =0.05x +0.15 0.68 <0.01
AUG 10 v =0.001 x + 0.44 0.01 0.82
SEP 10 y=-0.014 x +0.36 0.01 0.81
OCT 10 y=0.15x +0.87 0.51 0.02
NOV 10 y =-0.065 x +2.43 0.05 0.55
DEC 10 y=0x+0.07 0 n/a
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Table 2. (Continue)

Halodule wrightii associated epiphytes (biomass) versus amphipod abundance

112

z

n Linear Equation r P value
JUN 10 y=0.164 x + 0.99 0.03 0.65
JUL 10 y=0.079x +0.32 0.66 <0.01
AUG 10 y =0.008 x + 0.28 0.07 0.45
SEP 10 y=0.005x+0.18 0.01 0.80
OCT 10 y =-0.045 x + 0.38 0.15 0.27
NOV 10 y=10.093 x + 0.21 0.57 0.01

Halodule wrightii associated epiphytes (biomass) versus gastropod abundance

2

" N Linear Equation r P value
JUN 10 y=0.057 x +0.85 0.1 0.27
JUL 10 =-1.6x+2.36 0.20 0.20
AUG 10 y =-0.001 x +0.28 0.04 0.57
SEP 10 y =-0.003 x +0.20 0.07 0.45
OCT 10 =-0.076 x +0.42 0.55 0.01
NOV 10 y= 0.093 x+0.15 0.58 0.01
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Figure 1. Mean aboveground biomass of the common seagrasses Thalassia testudinum
and Halodule wrightii (Figure 1a) and their associated epiphytes (Figure 1b) in Saint
Joseph Bay, Florida, from January to December, 2004. Means  SE. One-way ANOVA;

P <0.05.
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Figure 2. Mean species richness (Figure 2a) and Shannon-Wiener diversity indices
(Figure 2b) of mesofaunal communities associated with blades of the common
seagrasses Thalassia testudinum and Halodule wrightii in Saint Joseph Bay, Florida,
from January to December, 2004. Means * SE. One-way ANOVA; P <0.05.
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of the major mesofaunal invertebrate groups associated with blades of the common
seagrasses Thalassia testudinum and Halodule wrightii in Saint Joseph Bay, Florida
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from June to Nov, 2004.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



121

ysid

NOV

spojewen

SEP

speeyohiod
qeio JuLieH
[ ejnes ersAig
[ ‘ds snjoipo
[ epibu eully
T-. ds eueuoydis

winupde wnunid

esooyd eieypoobiy

lifep ejjuoginy
Bjeun| sEASy

winpiiu Sesso0eN

alodule wrightii

winuea wogyg
dwuys paypuapiun
sneeuad

podos; paypuepiun

esojuow e8jopg

euewbuol ocalgidury
Jofpno sndesad

ejduioo enpewro

450 -

f T T T

v L T T
[~3 (=] o (=] (=]
.oo ° 2] < L N

10

Q [}
< N

400 -
350 4
300
250
200 -
150 -
100 -

50

(sseabeas " 3am b6 9o} 19d #) Aisuap uonejndod

euefqsejeo eljeiziemyos

podduse payuepiL

o —_—e o———0 o0 &

Amphipod Isopod Decapod

Miscellaneous

Gastropod

Figure 5. (Continued)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



122

B Thalassia testudinnm .
U] Halodule wrightii n .
' "
n ] n )
o . LN | "m
a LT I R
i [ ] . l. l.'
2 ; S T
a n ] [ |
= ] r o .l
- o P
> P "o
a EID
e S O0m ot g
a u] a
o O = oo O
! O |:yc|:|’:I a)
O DD O a S
a O
a
X variable

Figure 6. MDS ordination analysis of 10 replicates of mesofauna associated with blades
of the common seagrasses Thalassia testudinum and Halodule wrightii. The analysis was
based on the population densities and species compositions of mesofauna associated with
seagrass blades collected monthly in Saint Joseph Bay, Florida from June to November,
2004. The MDS analysis was conducted using standardized (no. per 100 g wet wt.
seagrass) and log (x + 1) transformed data and is presented as a two-dimensional scatter
graph. (2D stress =0.19; 3D stress = 0.14).
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CONCLUSIONS

Marine herbivorous amphipods, isopods, and gastropods known as mesograzers
play an important role of linking different trophic levels. Mesograzers indirectly or
directly feed on marine plants (e.g. microalgae, macroalgae, and seagrasses) and their
associated epiphytes. These mesograzers subsequently become prey for other nektonic

" invertebrate or vertebrate predators. Hence, the factors that regulate the distribution and

abundance of mesograzers have been broadly examined in temperate and tropical coastal
marine environments (Nelson 1979, Edgar 1983, Stoner 1983, Lewis 1984, Russo 1990,
Poore & Steinberg 1999, Cruz-Rivera & Héy 2001, Duffy & Harvilicz 2001, Duggins et
al. 2001, Mancinelli & Rossi 2001, Taylor & Steinberg 2005). In contrast, studies of the
distribution and abundance of mesograzers in polar regions and factors regulating the
patterns of distribution and abundance of these communities have received less attention
(Suren 1990, Blazewicz & Jazdzewski 1995, Brandt 1997, Brandt et al. 1997, Iken et al.
1998, Hop & Poltermann 2000, J aidiewéki et al. 2001). This dissertation attempts to
address this deficiency by comprehensively and quantitatively examining the association
between mesofaunal communities and dominant macroalgae along the subtidal of the
western Antarctic Peninsula. In addition, the palatability of ecologically dominant
macroalgae to three model Antarctic herb)ivorous amphipods is examined. Finally, in a
study extending plant-associated mesograzer studies to the northern Gulf of Mexico, the
seasonal mesograzers communities associated with the blades of two common seagrasses -
in Saint Joseph Bay, Florida, are characterized.

The study laid out in the first chapter of this dissertation demonstrates that both

amphipod abundance and total numbers of species are significantly greater in association
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with the most morphologically complex antarctic macroalgal species, Desmarestia
menziesii, D. anceps, and Plocamium cartilagineum, with higher numbers of branches
per unit mass and a higher degree of branching. This is particularly evident in both
Desmarestia species, where the length of the secondary branches and the distance from
distal branches to the main stem is great and provides significant interstitial cover from
prospective fish predators. Amphipods collected from the target macroalgae seemed to
prefer to inhabit branched algae rather than algal species characterized by blade
morphology. A recent study has found that D. menziesii is also chemically defended
against grazing by the sympatric amphipod Gondogeneia antarctica (Amsler et al. 2005).
This alga may similarly be chemically defended against amphipods although prévious
studies have shown that macroalgal chemical defenses are species-specific in terms of
amphipod grazing patterns (Duffy & Hay 1994, Sotka & Hay 2002). Two factors could
explain this association. First, D. menziesii has a comparatively complex morphology
that includes a high degree of branching that may provide amphipods a physical refuge
from predation. Second, D. ménziesii is chemically defended against the sympatric
omnivorous fish, Notothenia coriiceps, known to prey on amphipods (Iken et al. 1997,
Amsler et al. 2005). Thus, antarctic amphipods may be exploiting chemically defended
macroalgae to avoid fish predation as demonstrated in studies of tropical and temperate
macroalga-amphipod associated communities (Duffy & Hay 1994, Hay 1996, 1997).
This, coupled with the high structural complexity (numerous fine branches) that provides
amphipods a suitable substrate for efficient clinging (Hacker & Steneck 1990) may make

these macroalgae particularly attractive habitat.
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The different morphologies of gammarid amphipods are likely to be in part an
evolutionary adaptation to thé macroalgae with which they associate. For example, the
antarctic genus Oradarea are characterized by having slender, elongated legs with
hooked distal tips (Thurston 1972). These adaptations may facilitate clinging behaviors
on the fine, highly branched, terete (cylindriéal) branches that characterize‘Desmarestia
anceps and D. menziesii, especially the latter (Wiencke & Clayton 2002). Although G.
Skottsbergii is not a morphologically complex branched algal species (Wiencke & |
Clayton 2002) and lacks chemical defenses against omnivorous ﬁéh (Amsler et al. 2005),
its large flattened blades with multiple holdfasts resting against the benthic substrate
provide protective space between the substrate and ventral blade surface for amphipods.
In addition, numerous papillae on the surface of G. skottsbergii may provide suitable
substrate for amphipod clinging. |

Patterns of species diversity indices for amphipods associated with the eight
common antarctic macroalgae examined were similar to those seen for amphipod species
numbers. The one exception was the species diversity index for amphipods associated
with Desmarestia menziesii. Here, in striking contrast to its high number of associated
species diversity was the lowest recorded for aﬁy of the targeted macroalgae. This
discrepancy is the result of the disproportionate numerical dominance of the amphipod
Metaleptamphopus pectinatus. In general, the gammarid amphipod communities
(population densities and species composition) associated with the macroalgal species are
similar within fhe same macroalgal species but dissimilar across macroalgal species.

When comparing the community structure of gammrid amphipods associated with

the same antarctic algal species but collected from different locations, our findings
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indicate that while variatibns do exist in species-specific macroalgal-associated amphipod
communities across spatial scales of only 3 km (seen in 4 of 8 macroalgae examined),
such differences seem to be species-specific among macroalgae. For those 50% of the
macroalgal species that had no between-site dissimilarities in their associated amphipod
communities, we would argue that the dynamics of amphipod communities are likely
regulated by macroalgal-specific factors.

In the second chapter of this dissertation, fresh thalli bioassays indicate that the
common antarctic amphipods Prostebbingia gracilis and Gondogeniea antarctica
showed their highest consumption rates when graziﬁg on the thalli of the red alga
Palmaria decipiens.v The eight mac?oalgal species offered to Antarctic amphipods
represent distinct morphologies and with varying degrees of toughness (Amsler et al.
2005). It is noteworthy that the most palatable alga, P. decipiens, is among the lower
third of 30 species of Antarctic \macroalgae in terms of toughness. Results of feeding
bioassays indicated that third arriphipod species, Metaleptamphopus pectinatus, did not
consume either fresh thalli or artificial foods of any macroalgae. Thus, it is likely that M.
pectinatus does not exploit macroalgae directly as a food resource but rather may graze
on epiphytic microalgae such as diatoms colonizing the surfaces of macroalgae. Our
results are consistent with previous reports (Chevreux 1913, Thurston 1972) that this
species inhabits, and may exploit for food, epiphytic mats growihg on the holdfasts of
brown (Desmarestia sp.) an(i red (Phyllogigas sp.) macroalgae.

In order to control the effects of morphology and toughness of fresh thalli, we
also conducted amphipod feeding bioassays using uniformly sized artificial alginate

foods containing finely ground algal tissues. Similar to the fresh thalli bioassays, both
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P)‘ostebbingia gracilis and Gondogeneia antarctica had the highest consumption rates
when presented pellets containing the alga Palmaria decipiens. However, in contrast to
the fresh thalli bioassays, artificial pellets containing ground tissues of the macroalgae
Myriogramme mangini and Gigartina skottsbergii were also consumed at relatively high
rates. The lack of consumption of M. mangini and G. skottsbergii when presented as
fresh thalli suggests that toughness may play some role in its low palatability to
amphipods. Indeed, M. mangini is 11™ in terms of toughness and G. skottsbergii is the ‘
toughest amongst 30 species of macroalgae examined from the Antarctic Peninsula
(Amsler et al. 2005, Peters et al. 2005). It is possible that these amphipods might exploit
these macroalgae as a food resource when thalli are dislodged and sﬁbsequently
decompose to become part of the detri‘;al food web.

Peters et al. (2005) evaluated a suite of nutritional parameters of 40 species of
macroalgae from the Antarctic Peninsula including those examined in this dissertation. If
soluble protein content is considered a proxy for nutritional value (Cruz-Rivera & Hay
2000a, 2000b), it is clear from our regression analysis thaf there is no significant
correlation between algal nutritional value and consumption rates of amphipods presented
macroalgal food pellets. Nonetheless, it should be noted that in both fresh thalli and
alginate pellet assays, P. gracilis and G. antarctica preferred the macroalga Palmaria
decipiens which had the highést soluble protein content (9.3% dry wt) amohg the
macroalgal species.

A variety of macroalgae are known to harbor defeﬁsive secondary metabolites
that are deterrent to grazers (Paul et al. 2001, Van Alstyne et al. 2001, Paul & Puglisi

2004). With respect to the present study, these macroalgae (Desmarestia anceps, D.
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menziesii, D. dntarctica, and Plocamium cartilagineum) have been found to be
chemically defended against herbivory by the amphipod Gondogeneia antarctica
»(Afnsler et al. 2005). In both fresh thalli and alginate pellet assays, these same four
species of .macroalgae were either not consumed at all or consumed in very low quantities
by Prostebbingia gracilis and G. dntarctica, suggesting that chemical defenses
contribute to their lack of palatability.

The study presented in the third chapter of this dissertation indicates that the
subtropical seagrasses, Thalassia testudiun and Halodule wrightii, in Saint Joseph Bay,
Florida, typically exhibit their highest levels of aboveground biomass during the warmer
summer season (June, July and August) when environfnental factors such as temperature,
light and nutrition may be optimized for growth (Hemminga & Duarte 2000). Seasonal
variations of epiphytic algal biomass associated with these two seagrasses occurred in
both species. Epiphytic assemblages included blue-green algae, diatoms, and encrusting
algae, all of which being potential food recourses for mesograzers. Factors most likely to
influence these epiphytic assemblages include seagrass morphology, age, and location
(Jernakoff et al. 1996 and references inside). Moreover, the much larger blades of T.
testudinum may have provided a larger surface area for the effective attachment of
several species of drift macroalgae that occurred in the spring (March). The highest
epiphytic biomasses associated with blades of T. testudinum occurred in July and mainly
resulted from an encrusting coralline algae that covered the majority of the surface of
seagrass blades (Huang, pers. observation). Similar to T testudinum, the maximum
epiphytic loads (biomass) associéted with the blades of Halodule wrightii occurred in the

same month of July. This may have been due to a proliferation of diatoms and
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filamentous cyanobacteria. Throughout the entire sampling period, ratios of epiphyte to

~ seagrass biomass during the latter summer months were surprisingly low and may have
resulted from increased grazing pressure onvseagrass epiphytes by macrograzers such as
pinfish (Montgomery & Targett 1992, Klumpp et al. 1993, Valentine et al. 2000).

Seasonal patterns of seagrass-associated mesofaunal species richness and species

diversity reflected patterns of biomass of both seagrasses. Mesofaunal species richness
and species diversity were highest in fhe summer months, peaking in June, and generally
lowest during the winter. From a large scale perspective, the patchy distributions of
multi-species complexes of seagrass meadows in Saint Joseph Bay provide a diversity of
habitats for mobile mesofaunal invertebrates that occur in association with seagrasses.
From a micro-scale perspective, the growth of epiphytes of the surfaces of seagrass
blades during the early summer similarly increases the heterogeneity of habitat structure,
likely further contributing to higher mesofaunal species richness and speciés diversity
(Schneider & Mann 1991b, Bologna & Heck 1999). In meadows of T. testudinum, a
minor increase of blade-associated epiphytic biomass occurred in the spring (March) and
was similarly reflected in an increase in both mesofaunal specie richness and species
diversity. The observed decline in these variables from a peak in June to lower levels in
July may be the result of top-down factors such as increased levels of pinfish predation
(Nelson 1979). Both species richness and species diversity of mesofaunal communities
associated with 7. testudinum were higher than those for H. wrightii except for the month
of October. This may be related to the larger relative surface area provided by the blades
of T. testudinum and thus a resultant greater abundance and diversity of associated

epiphytes that may further attract mesograzers.
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Within the five primary mesofaunal groups examined in the present study
(amphipods, isopods, decapods, gastropods, and miscellaneous taxa), amphipods and
gastropods were the most abundant when standardized as individuals per unit seagrass
mass. Both of these groups are considered to be important seagrass-associated
mesograzers (Jernakoff et al. 1996). Similaf to the findings of Valentine and Heck (1993)
who detected a peak abundance of amphipods associated with T. testudinum habitats in
winter in Saint Joseph Bay, we found the abundance of T, testudinum blade-associated
amphipods to be highest in February and gradually decrease through the spring and
summer. This may be related to amphipods aggregating in higher densities on blades
during the winter months when shoot density is lower than during the summer (Huang,
pers. observation). Dramatic declines in amphipod abundances associated with blades of
T. testudinum and H. wrightii in July and September, respectively, may be related to
increased pinfish predation. Mesofaunal gastropods associated with the blades of T.
testudinum peaked in abundance in April, August, and November, generally
corresponding to peaks in epiphytic biomass in March, June, and November. This
suggests that mesogastropods may be exploiting epiphytes as a nutritional resource.

Regression analyses indicated that abundances of amphipods were positively
correlated with the biomass of epiphytes associated with the blades of T. testudinum and
H. wrightii in at least some months representative of spring, summer and fall. In addition,
abundances of gastropods were positively correlated with epiphytic biomass in several
months of both summer and fall for both seagrass species. Bologna and Heck (1999),
using artificial epiphytic structures and natural fouling epiphytes growing on artificial

seagrass units, demonstrated that epiphytes functioned primarily as food resources rather
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than as shelter. Epiphytic g;azing has been observed in among amphipods including
Amphithoe sp. that occurs in association with the epiphytized seagrass, Syringodium
isoetifolium (Mukai & Iijima 1995).

Mesofaunal communities (population densities of each collected species and
species composition) associated with aboveground blades of T festudinum and H.
wrightii were significantly different from one another during the entire six month
sampling period when aboveground biomass of both seagrasses co-occurred. Moreover,
an analysis of similarity (ANOSIM) revealed that the mesofaunal communities associated
with blades of boi:h seagrass species differed from one another in each of these six
months. These observations are similar to previous studies that have found community
level differences in blade-associated mesograzers in meadows comprised of different

species of seagrasses (Lewis 1987, Schneider & Mann 1991a, 1991b, Edgar 1992).
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