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ABSTRACT OF THE DISSERTATION

The Ecology of the Mesopelagic Hydromedusae

in Monterey Bay, California

by

Kevin Alexander Raskoff
Doctor of Philosophy in Biology
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Professor William M. Hamner, Chair

Cnidarians are frequently the dominant members of the gelatinous fauna, and
hydromedusae are often the most common sub-group. Although hydromedusae have
been well studied in some epipelagic areas, there is little known about the ecology of
mesopelagic species. This is primarily due to the fact that nets, which were the
principle methods of collecting and studying the organisms, were typically unable to

sample these fragile, gelatinous animals without destroying them.
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It was not until the advent of blue water diving techniques, specialized nets,
submersibles, and remotely operated vehicles (ROVs) that the role of gelatinous
organisms in the mesopelagic ecosystem could be clarified. However, much remained
to be learned. Questions of distribution, trophic interaction, and behavior were
unanswered for most of the mesopelagic cnidarian taxa. This dissertation research
used ROVs to collect both high-quality video footage and animals in pristine condition
to study the distributions, trophic interactions, and behaviors of the mesopelagic

hydromedusae in Monterey Bay.

This dissertation provides a broad range of ecological information on
hydromedﬁsae. The vertical distributions, seasonal and yearly variations, and the
abundance of the 35 known mesopelagic hydromedusae in Monterey Bay are
provided. Profiles of the physical characteristics of the water column in which these
medusae were found are also shown. Novel forms of predation by medusae are
described with information on gut contents and foraging behavior. El Nifio events
were found to have pronounced effects on populations of mesopelagic hydromedusae,
with a seldom-seen species observed in high numbers in the mesopelagic during El
Nifio events, while historically common species became rare. A description of the
first known cnidarian-pelagic tunicate mutualistic interaction is presented with a

description of a unique tentacle-based asexual reproduction strategy.
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Chapter One

Introduction

The mesopelagic zone is a region where sunlight is too weak to drive
photosynthesis yet light penetrates sufficiently to affect the behavior of the animals
found there (Mackie 1985; Robison 1999). This is attested to by the diel migrations of
many of the organisms of this habitat (Benovic 1973; Mills 1983; Mills and Goy 1988;
Robison 1983; Moyle and Cech 1988; Arai 1997) and by the acclimated human eye
(Robison 1995). The mesopelagic zone is often defined as being between 200 and
1000 meters deep (Alldredge et al. 1984; Moyle and Cech 1988; Madin and Madin
1995; Arai 1997; Robison 1999), although these depths can vary depending on a
variety of factors which influence the clarity of the water and the angle and intensity
of sunlight. In the relatively productive waters off central California, 100-200 meters
depth is considered the top of the mesopelagic zone and 1000 meters is its lower limit.
It is a zone usually characterized as relatively homogenous in temperature and salinity.
The mesopelagic includes an immense portion of the sea, containing about a quarter of
the volume of the world ocean and the bulk of its biomass (Robison 1983; Moyle and
Cech 1988; Harbison 1992). The mesopelagic zone is home to the largest animal

communities on the planet.



Up until the 1930s, mesopelagic research was limited to information collected
with midwater trawl nets. Although much can be learned through the use of nets,
gelatinous midwater animals were consistently under-sampled due to the fragile nature
of their soft bodies (Hamner et al. 1975; Harbison 1992). It was not until the advent of
blue water diving techniques, specialized nets, submersibles, and remotely operated
vehicles (ROVs) that the role of gelatinous organisms in the mesopelagic ecosystem
was clarified (Hamner et al. 1975; Childress et al. 1978; Hamner 1995). However, -
much remains to be learned. Although we now know that gelatinous predators are
common members of the pelagic community and that they often serve in the same
ecological roles as fishes (Mills 1995), gelatinous animals have also been

characterized as a “trophic dead-end” (Verity and Smetacek 1996).

Organisms of Study

Cnidarians are important and frequently the dominant members of the
gelatinous fauna. Although cnidarians have been well studied in some epipelagic
areas (Arai and Brinckmann-Voss 1980; Pagés et al. 1992; Pagés 1997), there is little
known about the ecology of mesopelagic species. Questions of distribution, trophic
interaction, and behavior are unanswered for most of the mesopelagic cnidarian taxa.
It is this level of inquiry which must be pursued to provide a solid ecological
foundation for the group and for understanding the ecology of the mesopelagic regions

of the ocean.



Cnidarians are central components of midwater communities. The variety of
body forms among the cnidaria permits them to capture a diverse range of prey, thus
making them complex and effective predators in the mesopelagic realm (Madin 1988;
Purcell and Mills 1988; Arai 1997). The basic biology of pelagic cnidarians has been
extensively reviewed by many authors (Mayer 1910; Totton 1965; Mackie et al. 1987;
Brusca and Brusca 1990; Ruppert and Barnes 1994; Arai 1997). Aside from the
physonect siphonophore Nanomia bijuga (Robison et al. 1998), the most common

cnidarians of the mesopelagic in Monterey Bay are hydromedusae.

Seven orders of hydromedusae are commonly recognized: Actinulidae,
Laingiomedusae, Anthomedusae, Leptomedusae, Limnomedusae, Trachymedusae,
and Narcomedusae (Bouillon et al. 1992); although there is a proposed revision of the
orders in Bouillon and Boero (2000) that I will not follow for this dissertation. Of
these seven orders, four often have polyp stages (Actinulidae, Anthomedusae,
Leptomedusae, and Limnomedusae) and three do not (Laingiomedusae,
Trachymedusae, and Narcomedusae) (Mayer 1910; Russell 1953; Purcell and Mills
1988; Brusca and Brusca 1990; Bouillon er al.1992; Bouillon and Boero 2000; Mills
personal communication). Five of these seven orders, the Anthomedusae,
Leptomedusae, Limnomedusae, Trachymedusae, and Narcomedusae, are known to be

constituents of mesopelagic communities.



The principal characters of the five orders found in the mesopelagic are
summarized by Mayer (1910), Russell (1953) and Kramp (1968). Anthomedusae have
gonads in the ectoderm of the manubrium, no statocysts, and are budded from polyps.
Leptomedusae have gonads upon the radial canals, statocysts (when present) are of
ectodermal origin, and the medusae are budded from polyps. Limnomedusae have
gonads on the stomach or radial canals, statocysts (when present) are of endodermal
origin, and there is a polypoid stage. Trachymedusae have gonads usually on radial
canals, a simple uncleft umbrellar margin, statocysts of endodermal origin, and direct
development from a pelagic larval stage. Narcomedusae have gonads only on the
stomach, statocysts are of endodermal origin, umbrellar margins are cleft into lappets,
tentacles are non-contractile and penetrate the bell well above the umbrella margin,

and there is direct development from a larval stage.

The reproduction and development of those hydrozoans with a polyp stage
typically follows the cnidarian alternation of generation pattern, with varying degrees
of medusae suppression (see Boero and Sara 1987), asexual polyp budding, and
encystment abilities (Boero et al. 1996; Arai 1997). The medusae may be liberated
and mature in the pelagos, or they may remain attached and develop to varying
degrees on the hydropolyp colony. In many taxa, the medusa stage is completely lost
(Actinulidae, and many Leptomedusae). Alternatively, the polyp phase may be
absent. Reproduction in holoplanktonic forms can range from simple pelagic larvae

which directly transform into the adult medusae, to highly complex parasitic



interactions with other species of medusae. For the majority of mesopelagic medusae,

the life cycles and reproductive habits of the individual species are unknown.

Area of Study

Monterey Bay is uniquely situated for mesopelagic research. The Monterey
Submarine Canyon is the second largest on the west coast of North America. Itis a
pronounced feature of the continental shelf that brings depths greater than 3000 m
within just 60 km of Moss Landing, California. The Canyon'’s close proximity to
shore makes the mesopelagic habitat easily accessible to researchers. Monterey Bay is
within a National Marine Sanctuary and, because of the numerous marine science and
education organizations in the area, it has become a hub of marine research on the

west coast of the United States.

Cold subarctic waters of the offshore California Current flow southward past
Monterey, with local upwelling occurring typically between March and September
(Breaker and Broenkow 1994; Olivieri 1999). Circulation in the Bay is complex and
not well understood, showing alternating flow patterns with depth, and strong bottom
currents (Breaker and Broenkow 1994). Temperature and salinity are fairly constant
in the mesopelagic zone (temperature, ca. 4-8 °C; Salinity, 34.0-34.5), but
physicochemical properties of the water may have a strong effect on the distributions

of gelatinous animals whose densities are close to sea water, because even small



density differences can be effective barriers to migration and movement (Mills 1984,

Hamner personal communication).

The dissolved oxygen concentration of Monterey Bay is relatively high near
the surface (ca. 6 ml/liter) and decreases gradually with depth, to ca. 0.10 ml/liter at
about 700 meters depth (Robison et al. 1998; Purcell et al. in press). Below this
minimum, the oxygen concentration in the water rises again with increasing depth.
The region of the water column which has < 0.50 ml I"! (ca. 1.0 mg I'") of dissolved
oxygen is defined as the oxygen minimum zone (OMZ) (Purcell et al. in press). The

Monterey Bay OMZ occurs year round, usually at depth between 650 and 800 m.

A Brief History of Midwater Hydromedusan Research

Prior to 1860, with Wallich’s discovery of crinoids from 2300 meters, the deep
sea was thought to be devoid of life, or “azoic” (Mills 1983). Yet when researchers
began to probe into the deep ocean with new types of nets and traps, life was found to
be abundant on the bottom at all depths. However, knowledge of mesopelagic animals
lagged far behind the discoveries of deep-sea benthic species. The HMS Challenger
expedition of 1872-76 captured only a few mesopelagic species (Haeckel 1881), and
researchers frequently concluded that there was no life in the mesopelagic. The
primary problem with early attempts at collecting mesopelagic animals was
inadequate net design. Net hauls were done with non-closing nets, such that

researchers were unable to tell from which depth the specimens had been collected.



Alexander Agassiz, on the Blake (1877-80) and Albatross (1897 and 1904-05), tried
and failed to collect many mesopelagic animals, concluding that “...there is no
intermediate belt, so to speak, of animal life between those living on the bottom, or
close to it, and the surface pelagic fauna.” (cited in Mills 1983). However, the
samples collected on these cruises, as well as others, became the basis for several
important works on the classification of deepwater medusae, including *“Die Medusen”
(Maas 1897), “Medusae” (Agassiz and Mayer 1902), “The Medusae™ (Bigelow 1909),
and “Medusae of the World” (Mayer 1910). All of these works included many
medusae we now know to be mesopelagic, however, due to a scarcity of open-closing
net data, the true habitat depth of most of these specimens was not determined at the

time they were discovered.

The development of reliable opening-closing net designs enabled scientists to
finally determine what was truly to be found in the mesopelagic depths. In 1887,
Chun, impressed by the abundance of siphonophores found on sounding lines, made
midwater hauls to 1400m off the Ponza Islands in the Mediterranean. Using a newly
designed closing net, he found a rich fauna of crustacean and gelatinous organisms,
including several medusae and ctenophores. Chun also proposed that migrating
plankton, which feed on surface algae, could provide food at the mesopelagic depths.
Chun’s Valdivia expedition of 1898-99 (also known as the Deep-sea, or “Tiefsee”,
expedition) produced the first reliable closing net records of three common

mesopelagic medusae (Vanhéffen 1902). Subsequently, Prince Albert I of Monaco,



on several different vessels, found many types of deep-water plankton, and
documented the daily vertical migrations of deep-water animals. Descriptions of the
abundant medusae found during the Siboga expedition and on Albert I's Princess
Alice and Hirondelle cruises, including several mesopelagic trachymedusae and
narcomedusae, were published by Mass (1904; 1905). In 1925, Russell began
publishing his studies of the medusae of the British region, culminating in 1953 with
“The Medusae of the British Isles.” Russell’s work surnmarized much of what was
then known about the mesopelagic species of the North Atlantic. His thorough
synthesis, including the known vertical ranges, developmental and reproductive
histories, and ecological information, is still one of the most comprehensive
publications ever written on medusae. Kramp, from samples collected on numerous
expeditions, including the Michael Sars (1910), Dana (1920s-30s) and the Discovery
(1926-29), produced many important works on the hydromedusae, from both the
Atlantic and the Pacific Oceans, including his classic Dana Reports from the 1950s
and 1960s (Kramp 1948; 1959; 1965; 1968). While the search for bathypelagic and
abyssal organisms continued with the deep trawls of the Albatross (1947-48) and
Galathea (1950-52), and with the deep dives of the bathyscaphe Trieste (1960) and
her predecessors (Pérés 1958), new information on medusae continued to be recorded

from ever greater depths.

The advent of submersibles and remotely operated vehicles (ROVs) marked a

major turning point for the study of midwater organisms, gelatinous forms in



particular. For the first time, researchers were not limited to studying damaged
specimens removed from nets, but were finally able to observe the animals in their
natural habitat (Beebe 1951; Hamner et al. 1975; Larson 1979; Mills and Goy 1988;
Larson et al. 1989; Widder et al. 1989; Larson et al. 1992; Hunt 1996; Mills et al.
1996). By the 1970s, scientists were able to do more than simply classify mesopelagic
medusae, they began to study their ecology. With the development of novel sampling
devices for submersibles, ROVs, and net systems, delicate organisms could be
captured undamaged and brought back to the laboratory alive for the first time
(Youngbluth et al. 1988; Robison 1992; Childress and Thuesen 1993; Thuesen and
Childress 1994). Experimentation and observations of gelatinous species begin to fill
in the major gaps in knowledge about the mesopelagic hydromedusae (e.g. Tamburri
et al. 2000). Finally, fundamental questions regarding the life histories, behaviors,
feeding ecology, and distributions of the mesopelagic medusae could at last be

addressed, and these are the subjects of this dissertation.

Contents of present study
My dissertation addresses several of the major gaps in knowledge regarding
mesopelagic medusae, based on studies conducted in Monterey Bay. Issues addressed

in the following four chapters are briefly outlined.

Chapter Two: Distribution and abundance of the mesopelagic hydromedusae of

Monterey Bay. The vertical distributions, seasonal and yearly variations, and the



abundance of the 35 known mesopelagic hydromedusae are presented. Profiles of the
physical characteristics of the water column in which these medusae are found are also

provided.

Chapter Three: Predation by stealth: foraging, prey capture, and gut contents of the
mesopelagic narcomedusa, Solmissus (Cnidaria, Hydrozoa). In situ video analysis of
the stomach contents of Solmissus incisa and S. marshalli revealed a gelatinous prey
assemblage. The tentacle-first foraging behavior of the narcomedusae is described as

an effective way to capture large, comparatively fast-moving prey.

Chapter Four: The impact of El Nifio events on populations of mesopelagic
hydromedusae. Two El Niiio events have occurred recently, in 1991-92 and in 1997-
98. During these events, a seldom-seen species was observed in high numbers in the
mesopelagic while an historically common species became rare. Transport and
tolerance hypotheses are proposed to explain differences in the presence and

numerical density of the medusae.

Chapter Five: A novel mutualistic relationship between a doliopsid and a cnidarian. A
description of the first known cnidarian-pelagic tunicate mutualistic interaction is
presented. Calycopsid anthomedusan polyps, belonging in the genus Bythotiara, were

discovered associated with individual zooids of a new doliopsid. The morphology and
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taxonomy of the polyps and medusae of Bythotiara sp. are described. A unique

tentacle-based asexual reproduction strategy is also presented.
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Chapter Two

Vertical Distribution and Abundance of Mesopelagic Hydromedusae in Monterey Bay

Introduction

Historically, studies of mesopelagic organism abundance and vertical
distribution have been hampered by the lack of adequate sampling devices. It was not
unti] the design and implementation of opening and closing nets that true capture
depths could be recorded (see Chapter One). Yet even when capture depth could be
determined with some certainty, the nets frequently damaged delicate gelatinous
species to a degree that their taxonomy was indeterminable. With the development of
submersible technologies, researchers were able to observe fragile gelatinous animals
in situ, beginning the study of deep-sea ethology (Beebe 1951; Pérés 1958; Robison
1983; Alldredge et al. 1984; Hamner 1985; Mackie 1985; Mills and Goy 1988; Larson

et al. 1991; Hamner and Robison 1992; Robison et al. 1998).

One of the most important contributions made by researchers using
submersibles in the mesopelagic was the realization that many of the dominant,
macroscopic organisms in the mesopelagic depths were gelatinous (Mackie 1985;
Larson et al. 1989; Pugh 1989; Widder et al. 1989; Larson et al. 1991; Hamner _and

Robison 1992; Robison et al. 1998; Silguero & Robison 2000). Of these gelatinous
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species, hydromedusae are often the most abundant animals in the lower mesopelagic
depths, especially in low oxygen regions (Purcell et al. 2000). They frequently occupy
high trophic positions, which are normally thought of as dominated by fish (Mills
1995), and they play an important role in the overall cycling of nutrients in the deep-

sea.

There are few studies of the distribution and abundance of mesopelagic
hydromedusae from the California region. Torrey (1909) described several species,
some mesopelagic, using specimens captured with trawl nets from the Monterey Bay
and San Diego regions. Hartman and Emery (1956) photographed many Solmissus
incisa from the bathy- and mesopelagic waters off of southern California, as well as
what appears to be a Colobonema sericeum. Alvarifio (1967; 1999) collected several
different mesopelagic medusae with opening and closing nets off San Diego.
Childress et al. (1989) observed large populations of Solmissus incisa from the
submersible Alvin off the coast of southern California. Childress and Thuesen (1993;
1994) collected a large numbers of mesopelagic species off southern California using
opening and closing trawls with a specialized, insulated cod end. Gladfelter (1970)
reported on a few species of mesopelagic medusae from Monterey Bay, collected with
nets. Widder et al. (1989) collected Mitrocoma cellularia (as Halistaura), Solmissus
marshalli, Colobonema sericeum, and Cunina globosus (which may be C. peregrina)

using the Deep Rover submersible in the mesopelagic waters of Monterey Bay.



Larson et al. (1992) observed benthopelagic medusae using submersibles in a number

of areas, including Monterey Bay.

There has never been a comprehensive report on the mesopelagic
hydromedusan community of the central Californian region. This chapter is the first
such treatment. The use of a remotely operated vehicle provided exact depth
information for all medusae observed, as well as the opportunity to measure the
physical properties of the waters in which the medusae were living. This chapter
presents data on the vertical distribution and abundance of 34 species of mesopelagic
hydromedusae encountered in Monterey Bay and the temperature, salinity, and

dissolved oxygen concentration of the waters in which they were found.

Methods

All sampling was done at the Monterey Bay Aquarium Research Institute’s
(MBARI) midwater time-series site, located at 36° 42' 00"N, 122° 02' 00"W, at the
mouth of Monterey Bay (Figure 1). This site lies over the axis of the Monterey
Submarine Canyon in 1600 m of water. The site was sampled with a remotely
operated vehicle twice a month, on average, from 1990 to 1999. Data are shown for a
total of 34 species of mesopelagic hydromedusae (Table 1). Ten years of data
(January, 1990 through December, 1999) are presented on four species of medusae

(Mitrocoma cellularia, Haliscera conica, Colobonema sericeum, and Aegina citrea),
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while three years of data (January, 1997 through December, 1999) are presented for
the remaining species. For six species, where there were very few individuals
observed between 1990-1999, additional observations from 2000 have been included

in the text.

The R/V Point Lobos and the ROV Ventana have been in operation at MBARI
since 198é. The ROV is an ISE Hysub 40 with a variety of sensors and modifications
added for midwater research (Robison, 1993). A Falmouth Scientific, Inc. Micro-
CTD (conductivity, temperature, and depth) sensor and a Sea-Bird Electronics SBE 13
dissolved oxygen sensor with a Beckman oxygen electrode, recorded temperature (T),
salinity (S), and dissolved oxygen concentration (DO) data every 4 seconds. The data
were then automatically averaged and logged into a database at 15 second intervals.
The video system used a broadcast-quality, three-chip Sony DXC-3000 (1988-1999)
and a Sony High Definition HDC-750A camera with an HDCA-750 back (1080i
format) (1999-present). Representative specimens were captured for taxonomic
identification in 7.5 liter “detritus samplers™ (Youngbluth 1984; Robison 1993) or

high-flow suction samplers (Robison 1993).

Two types of survey were performed: transect and transit. The quantitative
transect data which are discussed in this chapter were collected, on average, monthly
from January, 1997 through December, 1999. The methods of transecting and

analysis were as described in Robison et al. (1998). The ROV was run at constant
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heading, depth, camera zoom and focus settings, and speed (ca. 0.5 m/s). Runs‘ were
made at depths from 100 m to 1000 m, at 100 m intervals for, 10 minutes duration.
The transit surveys consisted of those times the ROV was roaming in search of
animals, but not engaged in a transect. This was typically done with moderate
horizontal and vertical speeds, with zoom and focus settings similar to those used

during the transects. Transit surveys were made at depths from 100 m to 1000 m.

All transits and transects were annotated for organisms of interest, and all
resulting records were placed into a database. Individual annotations were linked to
their corresponding CTD-DO data by tape timecode. The database was queried for
medusae of interest and the resulting numbers were normalized (transit data) or
converted to a volumetric abundance (transect data). The transit data was normalized
to a proxy of relative abundance, number of medusae observed h™'. Normalization was
accomplished by dividing the number of medusae observed in a particular parcel of
water by the amount of time the ROV spent in that same parcel (see Hunt 1996). The
bins used in this study were 100 m depth intervals (y axis) by one month time intervals
(x-axis). The metric of medusae observed hour was used preferentially over transect
values for all graphs of vertical abundance vs. time, with the exception of five species
which were encountered in sufficient numbers during transects to provide the
necessary resolution. Number of organisms observed hour™ has proved to be a
valuable metric for other ROV data sets where more robust quantitative measures are

not possible (Hunt 1996). Transect volumetric calculations were made as described by
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Robison et al. (1998). Mean transect volume was 814 m>. A summary of abundance
for all medusae species found during the transects is given in Table 2. Vertical
distribution over time was plotted for all species which had a minimum of five
sightings within the study period of 1990-1999. The sampling opportunities of the
ROV are shown by the dots in Figure 2 (January, 1997-December, 1999: transit data),
Figure 10 (January, 1997-December, 1999: transect data), and in Figure 16 (January,

1990-December, 1999: transit data).

The oceanographic seasons of Monterey Bay are traditionally separated into
three major periods: upwelling, oceanic, and Davidson (Breaker and Broenkow 1994
Robison et al. 1998; Olivieri and Chavez 2000; Pennington and Chavez 2000).
However, at mesopelagic depths, there is little difference between the oceanic and
Davidson periods (Bolin 1964; Pennington and Chavez 2000). The biologically
relevant oceanographic seasons are in fact upwelling and non-upwelling seasons. The
upwelling season is typically from March-August, while the non-upwelling season
(herein termed “oceanic™) is from September-February (Bolin 1964; Pennington and
Chavez 2000). The vertical distributions and abundances of the medusae were plotted
with respect to these two oceanographic seasons to examine the links between a
species’ range and density and the various physical and biological factors which
change between these seasons. Overlain on these plots were the average T, S, and DO

values of the water in which the medusae were found.
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Results

There were 34 species of identifiable hydromedusae encountered in the
mesopelagic waters of Monterey Bay from 1990-1999 (Table 1). Of these, 24 species
were observed in numbers sufficient to produce meaningful plots of vertical
distribution and abundance. The remaining ten species occurred in lower numbers, yet
even these few sightings add significantly to the knowledge of these medusae. The
vertical distribution and abundance data for all 34 species are presented along with
information on the temperature, salinity, and dissolved oxygen concentration of the
water in which they were found. In most cases, these are the first direct observations

of these species with their associated physicochemical data.

Order Anthomedusae
Family Calycopsidae

Calycopsis simulans (Bigelow 1909)

Eight specimens of C simulans were observed from 1997-1999. This species is
primarily known from the epipelagic surface waters of the Pacific, Indian and Atlantic
Oceans (Bigelow 1909; Kramp 1968; Wrobel and Mills 1998), but it also occurs at
mesopelagic depths in low numbers. The original description of the species was made
using samples from the tropical Pacific and the Bering Sea, collected near the surface
(Bigelow 1909). The vertical distribution of C. simulans from 1997-1999 is shown in
Figure 2. The highest abundance was found at 600-700 m, at 1.85 medusae hour™ in

May of 1997. Specimens were present in the sampling area throughout the year. The

25



seasonal vertical distribution of this medusa, and the corresponding physical data, are
presented in Figure 3. There appears to be greater abundance during the upwelling
season, with perhaps a shift towards the surface, but due to the low sample size,
analysis was difficult. Occurrences of these medusae fell within a wide range of T (5-
12 °C) and DO (0.2—4.0 ml/1), but a narrow range of S (34.10-34.18).
Calycopsis simulans is morphologically very similar to Sibogita geometrica
(Kramp 1968). On one occasion, a specimen was collected which keyed out to S.
geometrica, however, because of its similarities to the other C. simulans collected, this
specimen was assigned to C. simulans. The taxonomy of these two species is in need
_of future work. Alvariiio (1967) listed a specimen of S. geometrica from the surface to

100 m off San Diego, CA. but it is likely that this specimen was also C. simulans.

Bythotiara sp.

From October, 1997 through November, 2000, 19 colonies of an undescribed
species of the doliolid genus Doliopsis were found in Monterey Bay at depths between
105 and 477 meters. Associated with these colonies were more than 250 hydrozoan
polyps belonging to the genus Bythotiara. Many of these polyps were actively
budding off medusae when captured. Although none of these medusae were observed
with the ROV, they would have been released at depth and were therefore at least a
temporary component of the mesopelagic community. The taxonomy and biology of

this new species is presented in Chapter Five of this dissertation.

26



Eumedusa sp.

A total of 54 specimens were observed from 1997-1999. This species closely
resembles E. birulai with the exception that each of the four gonads has a 90° torsion
towards the left, when viewed from the subumbrella. The previous descriptions of this
species do not mention such a characteristic. It is principally known from Arctic
waters, from the Barents Sea to Alaska (Kramp 1968). The vertical distribution and
abundance of Eumedusa sp. from 1997-1999 is shown in Figure 4. The highest
abundance was found at 700-800 m, at 6.0 medusae hour' in May, 1999. Other peaks
in abundance were seen in August and December, 1999. Eumedusa sp. was found
from 100 m down to 1000 m in small numbers. There was no clear difference in
vertical distribution or abundance with respect to oceanic seasons (Figure 5). This
species was found over a wide range of T (3.9-10.7 °C), S (33.6-34.55), and DO
(0.25-3.4 ml/1). However, the bulk of the population was found in very low DO (0.25-

1.0 mi/n).

Family Pandeidae

Annatiara affinis (Hartlaub 1913)

This species was found just twice over the course of this study, in December,
1998 at 204 m, and in January, 2000 at 258 m. It was observed within a very narrow
range of T (8.1-8.6 °C), S (34.0-34.2), and DO (2.2-2.5 mi/l). Itis listed as a deep

water species by Kramp (1968), and was captured between 85 and 405 m in the North
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Atlantic (Winkler 1982), however it has also been found in surface waters (Wrobel

and Mills 1998).

Leuckartiara octona (Fleming 1823)

This species was observed 118 times from 1997-1999. It was reported in
surface waters of the northeast Pacific (Mackie and Mackie 1963; Mills 1981;
Thuesen 1994) and often in mesopelagic waters as well (Kramp 1948). Leuckartiara
octona was found from the surface down to 529 m (Figure 6). The highest abundance
was 30.3 medusae hour at 100-200 m in August, 1998. This medusa was found at an
order of magnitude higher abundance during the upwelling seasons than during the
oceanic seasons (Figure 7). It occurred over a relatively wide range of T (6-11 °C), S

(33.78-34.32), and DO (0.6-3.4 ml/1).

Family Polyorchidae

Scrippsia pacifica Torrey 1909

This very rare species was found only twice at the study site. The first
specimen observed was in July, 1994 at 300 m and the second in February, 1997 at
339 m. They occurred within a very narrow range of T (7.0-7.4 °C), S (34.12-34.14)
and DO (1.05-1.28 ml/1). The original description by Torrey (1909) described this
species in surface waters and from 34-157 m deep net hauls off San Diego, California.

Recent studies into its distribution by other researchers have suggested that it may be a
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more common occupant of deep waters than previously believed (Mills personal

communication).

Family Euphysidae

Euphysa sp.

There are several species of Euphysa reported from the waters of the west
coast of the U.S. and Canada (Arai and Brinckmann-Voss 1980; Mills 1981; Mackie
1985). Mackie (1985) observed Euphysa sp. from the Pisces IV submersible at
depths >150 m. In the present study, 12 specimens of Euphysa were observed in
mesopelagic depths over four days in 2000. Two medusae in January, one in March,
and nine in July. All sightings were made between 208 and 282 m. They were found
in a narrow range of T (7.7 - 8.7 °C) and S (34.15 - 34.26), but a wider DO range

(1.43 - 3.36 miN).

Euphysora sp. nov.

Three specimens of a new species, which is provisionally placed in the genus
Euphysora, were found. The medusa resembles E. gigantea, but has a unique tentacle
morphology which may prove to be a significant enough difference to justify the
erection of a new genus (Bouillon personal communication). However, until such a
determination can be made, it will be kept in the genus Euphysora. Euphysora

gigantea was found in deep waters in the Antarctic (Kramp 1968; Pagés et al. 1994).
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The medusae were observed in October, 1997, September, 1998, and March, 1999 at
811 m, 451 m, and 885 m. They occurred in a narrow range of T (4.4-6.1 °C), S

(34.16-34.37), and DO (0.21-0.56 ml/1).

Order Leptomedusae
Family Eirenidae

Eutonina indicans (Romanes 1876)

Thirty individuals of this species were recorded in mesopelagic waters between
1997 and 1999. Previous records of this species have come from Fulton et al. (1982),
who reported E. indicans in high numbers from 55-910 m in open net tows off the
west coast of Canada. Other locations where it was reported are Bodega Bay, CA,
spring-summer (Rees 1979) and British Columbia and Puget Sound, WA, March-
October (Arai and Brinckmann-Voss 1980; Mills 1981). Alvarifio (1999) reported this
species at 25-50 m off Baja California. The population in Monterey Bay was found in
discrete temporal clusters between 100 and 400 m (Figure 8). They occurred in July
and October of 1997, October 1998-January of 1999, and April-May and October-
November of 1999. The highest abundance of 1.9 medusae hour™ was observed in
May, 1999. Eutonina indicans was present during both the upwelling and oceanic
seasons (Figure 9). They were found up to the surface during the oceanic period, but
never above 200 m during the upwelling season, and were encountered over a

relatively wide range of T (6.6-11.0 °C), S (33.42-34.07), and DO (0.8-4.0 ml/1).
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Ptychogena lactea A. Agassiz 1865

Seventy six specimens were observed during mesopelagic transects from 1997-
1999. This species was recorded in surface waters (Mackie and Mackie 1963; Kramp
1968; Arai and Brinckmann-Voss 1980; Mills 1981), as well in mesopelagic depths
off Russia, western Canada, and California (Naumov 1960; Mackie 1985; Thuesen
1994). Prychogena lactea was encountered in significant numbers in April-June, 1997
and between March and October, 1999 (Figure 10). It was conspicuously absent in
large numbers during all of 1998. The highest abundance was 1.2 medusae 100 m” at
200-300m, although they were found over a wide vertical range of 200-900 m. This
medusa was significantly more common during the upwelling than the oceanic season
(Figure 11). In addition, the vertical range of this species was broader (200-900 m)
during the upwelling than the oceanic period. It was found over a relatively wide
range of T (3.9-7.6 °C) and DO (0.21-1.30 ml/1), and a narrow range of S (34.16-

34.27).

Family Tirannidae

Modeeria rotunda (Quoy and Gaimard 1827)

This species was encountered 43 times from 1997-1999. It was reported to be
a deep water species (Russell 1953; Kramp 1968), from depths of 379 m in the
Mediterranean (Mills et al. 1996). In the present study, it occurred over a wide

vertical range (100-1000 m) between March and December. The highest abundance,
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2.61 medusae hour™, was observed in July, 1998, between 900 and 1000 m (Figure
12). This species had a broader vertical distribution during the upwelling than in the
oceanic season (Figure 13). Modeeria rotunda was shown to reside in a wide range of
T (3.6-10.9 °C) and DO (0.11-3.6 ml/1), but in a restricted range of S (34.09-34.46).
Both T and DO were invariant between the upwelling and oceanic seasons, but S was
observed to be significantly higher in the waters above 700 m during the upwelling

season.

Family Mitrocomidae

Foersteria purpurea (Foerster 1923)

This medusa was observed on 163 occasions from 1997-1999. Previous
studies have shown this species to occur at mesopelagic depths in the northeastern
Pacific (Arai and Brinckmann-Voss 1980; Mackie 1985; Larson et al. 1992). It was
encountered just off the bottom at 400 m by Mackie (1985) off British Columbia, and
was deemed “suprabenthic”, however, due to the shallow water depta, the bottom may
have intersected the medusa’s preferred depth range. This same species was a
conspicuous member of the mesopelagic fauna in Monterey Bay. It was uncommon in
1997 and 1998, being observed from 200-1000 m depth (Figure 14). In March of
1999, it was found in high abundance (ca 6.0 medusae hour™) at 900 m, and was a
persistent member of the mesopelagic community until the end of the year, reaching a
maximum abundance of 9.0 medusae hour. There was no discernable difference

between the upwelling and oceanic seasons with respect to its abundance or vertical
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distribution (Figure 15). The medusa was found to occupy a wide range of T (4.0-9.9

°C), S (33.90-34.43), and DO (0.24-3.20 ml/1).

Mitrocoma cellularia (A. Agassiz 1865)

Mitrocoma cellularia was recorded on 2,903 occasions in mesopelagic waters
of Monterey Bay over a ten-year period (1990-1999). The species is a common
member of the epipelagic fauna in the northern Pacific (Mackie and Mackie 1963;
Arai and Brinckmann-Voss 1980; Mills 1981) to central California (Wrobel and Mills
1998). Specimens were found from the surface down to 900 m, reaching the highest
abundance of 40 medusae hour™ at 400 and 700 m in Monterey Bay (Figure 16). This
species was found in the mesopelagic primarily during the oceanic season, reaching an
abundance of 1.05 medusae 100 m™ (Figure 17). It occurred over a very wide range
of T (4.0-12.3 °C), S (33.55-34.38), and DO (0.4-4.8 mi/1). DO was ca. 0.5 ml/1 lower
in the upwelling season at depth than during the oceanic, while S was higher.

In Chapter Four of this dissertation, “The impact of El Nifio events on
populations of mesopelagic hydromedusae”, I discuss at greater length the link
between mesopelagic populations of M. cellularia and the two El Nifio events that

took place between 1990 and 1999.
Octogonade sp.

Octogonade sp. was a rare member of the mesopelagic fauna, encountered just

five times between 1990 and 2000. It matches the description of Octégonade
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mediterranea, which was previously reported only in the Mediterranean (Kramp
1959). Our specimens were observed in July, 1990 (96 m), July, 2000 (256, 554, 243
m), and September, 2000 (179 m) from a relatively wide range of values for T (5.9-9.9

°C), S (33.85-34.36), and DO (0.36-2.78 mi/l).

Family Tiaropsidae

Tiaropsidium kelseyi Torrey 1909

Thirteen specimens of this species were seen between 1997 and 1999. It was
described by Torrey (1909) from the mesopelagic (91-365 m), from Monterey Bay to
San Diego. It has also been reported in western Canadian waters (Foerster 1923; Arai
and Brinckmann-Voss 1980) and in Puget Sound, WA (Mills 1981). This species was
encountered in the current study from 200-500 m depth, and reached an abundance of
0.9 medusae hour™ (Figure 18). There was no clear relationship between these
sightings and the oceanographic seasons (Figure 19). They were found within a

narrow range of T (5.8-8.4 °C), S (34.06-34.25), and DO (0.4-1.7 ml/1).

Family Campanulariidae

Clytia sp.

Clytia (=Phialidium) is a common genus reported from epipelagic waters
world wide (Kramp 1959; 1968; Arai and Brinckmann-Voss 1980; Mills 1981;

Thuesen 1994). These are typically very small medusae and therefore can be difficult



to see with the ROV, however, 61 individuals were observed at mesopelagic depths in
Monterey Bay. Three were found in October, 1997, and the remainder were seen in
1999. They have been found from the surface down to 800 m depth (Figure 20). The
highest abundance measured was 12.0 medusae hour”, in May of 1999. They were
found between February and November in low numbers. Clytia sp. was more
common in the mesopelagic during the upwelling season, with a wider vertical range
(Figure 21). They were found over a relatively narrow range of T (4.8-7.4 °C), S

(34.13-34.36), and DO (0.24-1.55 mi/).

Order Trachymedusae
Family Halicreatidae

Halicreas minimum Fewkes 1882

This medusa was observed 50 times from 1997-1999. Since its discovery, H.
minimum was known as a deep-water medusa found in most of the world’s oceans
(Kramp 1968). In recent years it has been captured at meso- and bathypelagic depths
by many researchers. Kramp (1948) reported H. minimum collections with 1000-3000
m of wire out in the North Atlantic. Naumov (1960) collected the species from 1000-
4000 m in Russian waters. Winkler (1982) found the medusa between 290 and 1250
m in the North Atlantic. Larson et al. (1991) observed H. minimum directly from
submersibles at 605-900 m in the northwestern Atlantic. Alvarifio (1999) reported the

species at 350-475 m off Baja California. Thuesen (1994) collected many from 700m
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off the coast of California. Paggs et al. (1994; 1996), Pagés and Schnack-Schiel
(1996), and Pages (1997) encountered it from 350-1800m in the Southern Ocean.
Recently, Burd and Thomson (2000) collected H. minimum at 100-2600 m over
hydrothermal venting fields in the northeast Pacific. In the present study, H. minimum
was found from 200-1000 m (Figure 22). Individuals were present throughout the
year. The highest abundance recorded was 4.95 medusae hour™, at 800 m depth in
April, 1997. There was no clear relationship between vertical distribution and
oceanographic season (Figure 23). They were recorded over their entire depth range
during both the upwelling and oceanic seasons. These medusae were found over a

wide range of T (3.7-8.8 °C), S (34.09-34.53), and DO (0.12-2.35 mi/1) (Figure 23).

Haliscera conica Vanhoffen 1902

This medusa was recorded on 1,673 occasions in the mesopelagic of Monterey
Bay from 1990-1999. Itis a common species in many areas of the world. Mills et al.
(1996) collected 11 specimens in the Mediterranean between 365 and 650 m. Naumov
(1960) made collections from 300-4000 m in Russian waters. Larson et al. (1991)
observed several between 540 and 855 m in the northwestern Atlantic. Thuesen and
Childress (1994) collected the species from 400 m off southern California. Pages et
al. (1994) collected H. conica from 0-500, 500-1000, and 1000-2000 m net hauls in
the Weddell gyre. Pagés and Schnack-Schiel (1996) and Pages et al. (1996) found the
medusa at 600-1000 m in the Antarctic polar front in the Scotia Sea. Haliscera conica

was observed from 100-1000 m in Monterey Bay, with its highest abundance being 10
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medusae hour' (Figure 24). The species was found year-round in a relatively tight
vertical distribution, between 100 and 400 m. The transect with the highest abundance
was at 300 m on April 1999, with 1.96 medusae 100 m®. This value is an order of
magnitude larger than the highest net haul abundance recorded by Pagés et al. (1994)
in the Southern Ocean. There was higher abundance and a wider vertical range during
the upwelling seasons than in the oceanic season. Haliscera conica were found over a
wide range of T (4-9 °C) and DO (0.28-2.12 ml/1), but a narrow range of S (33.95-

34.22) (Figure 25).

Halitrephes maasi Bigelow 1909

Five individuals were observed from 1997-1999. This is known to be a
mesopelagic species, found in most of the world’s oceans (Kramp 1968). Winkler
(1982) caught 5 specimens in the North Atlantic at 440-1090 m. Larson et al. (1991)
observed several in the northwestern Atlantic at 605-885 m. Thuesen and Childress
(1994) captured several off the coast of southern California at 500 m. They have also
been found in the Southern Ocean at 200+ m (O’Sullivan 1982) and from 1000-2000
m depth (Pages et al. 1994). In this study, H. maasi was encountered at a maximum
abundance of 0.8 medusae hour in March 1999 at 500-600 m (Figure 26), while the
species’ complete depth range was from 135-592 m. All of the sightings were during
the upwelling season (Figure 27). These medusae occurred in a relatively narrow

range of T (5.6-7.5 °C), S (34.0-34.3), and DO (0.39-1.65 mi/1).
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Family Rhopalonematidae

Arctapodema sp.

Sixty seven individuals of an Arctapodema sp. were seen during transects from
1997-1999. All of the species of Arctapodema are known from meso- and
bathypelagic waters (Kramp 1968). Larson et al. (1991) examined five different
species at 830-890 m in the northwestern Atlantic. Mills et al. (1996) collected two
specimens of an Arctapodema sp. in the Mediterranean, at 578 and 539 m. Pagés and
Schnack-Schiel (1996) found Arctapodema ampla at 650-1000 m in the eastern
Weddell Sea. In Monterey Bay, an Arctapodema sp. was found in transects from 200-
900 m. The highest abundance was 0.34 medusae 100 m™, on July, 1998 at 200 m
(Figure 28). This medusa occurred over a wider depth range, and in higher numbers,
during the upwelling (200-900 m), than during that oceanic season (200-400 m)
(Figure 29). Arctapodema sp. was found over a wide range of T (4.15-8.79 °C), S (

33.98-34.40), and DO (0.24-2.34 ml/).

Vorogonema pedunculata (=Benthocodon) (Bigelow 1913)

Although occasionally found in the mesopelagic, this species is primarily a
benthopelagic medusa (Larson et al. 1992). It was found as shallow as 196 m, over
1400 m off the bottom, however the bulk of the occasional mesopelagic population
was found below 600 m. Because this species is generally not a mesopelagic species,

its distribution will not be addressed further in this chapter. It is possible that the
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species is swept out of the benthopelagic region by bottom currents and advected into

mesopelagic waters.

Colobonema sericeum ¥ anhoffen 1902

Colobonema sericeum was observed on 1,807 occasions from 1990-1999.
This medusa has been recorded from many locations around the world (Kramp 1968).
The species was captured from >300 m (Thuesen and Childress 1994) and 400-500 m
(Alvarifio 1967) off southern California. Hartman and Emery (1956) photographed
what appears to be C. sericeum at 318 m off southern California. Alvarifio (1999)
collected the species at 100-600 m off Baja California. Toyokawa et al. (1998)
observed C. sericeum at 503 m in Sagami Bay, Japan. Paggs et al. (1996) captured
several from 400-1000 m in the Scotia Sea, Antarctica. Colobonema sericeum was
reported from 300-1130 m (Winkler 1982) and at 1000-3000 m (Kramp 1948) in the
North Atlantic. Vinogradov (1997) found many specimens from 250-3900 m in the
Karnchatka region of the Pacific. Larson et al. (1991) observed several C. sericeum at
520-875 in the northwestern Atlantic. In the current study, C. sericeum was
encountered from 100-1000 m, with the bulk of its population found between 300-500
m (Figure 30). The highest abundance was 35.2 medusae hour™, on January, 1995 at
500 m. From 1997-1999, 122 C. sericeum were observed during transects. The
highest abundance was 3.08 medusae 100 m™ at 300-400 m (Figure 31). These
medusae were three times more abundant during upwelling than oceanic seasons

(Figure 31). During transects, C. sericeumn was found between 100 and 600 m. The
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medusae were observed over a somewhat wide range of T (5.15-8.84 °C), and a
narrow range of S (34.01-34.28) and DO (0.29-1.88 mi/l).

In Chapter Four of this dissertation, *“The impact of El Nifio events on
populations of mesopelagic hydromedusae”, I discuss at greater length the link
between the populations of C. sericeum found in the mesopelagic and the two El Nifio

events between 1990 and 1999.

Crossota rufobrunnea (Kramp 1913)

Seventeen C. rufobrunnea were observed between 1997 and 1999. This
species can easily be confused with Benthocodon pedunculata, therefore only
specimens which could be positively identified as C. rufobrunnea were recorded. It
was reported in western Canadian waters from the surface to 1000 m (Arai and
Brinckmann-Voss 1980; Fulton et al. 1982). Over Endeavour Ridge, off the coast of
British Columbia and Washington, it was associated with a hydrothermal vent plume
at 1200-1800 m (Burd and Thomson 2000). Thuesen and Childress (1993; 1994)
collected many at >500 m off of southern California. Alvarifio (1999) reported the
species at 350-475 m off of Baja California. Larson et al. (1991) observed a specimen
at 765 m off the Dry Tortugas. Kramp (1948) listed several col]ectec‘1 in the North
Atlantic with 1500-2500 m of wire out. Winkler (1982) collected 149 specimens
between 290 and 1130 m in the North Atlantic. It was found between 570 and 1000
m, with the largest abundance of 8.89 medusae hour at 1000 m in May, 1999 (Figure

32). The species was more common during the upwelling than oceanic season (Figure
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33). Crossota rufobrunnea was found over a narrow range of T (3.83-5.79 °C), S

(34.21-34.44), and DO (0.11-0.49 ml/).

Pantachogon haeckeli Maas 1893

This medusa was recorded on only six occasions from 1997-1999 in Monterey
Bay. The species has been collected from many locations and depths. Naumov
(1960) recorded P. haeckeli as “common” between 500-2000 m in Russian waters.
Likewise, Vinogradov (1997) observed many between 300 and 2600 m in the
Kamchatka region of the Pacific. Kramp (1948) described hundreds of specimens
collected with 100-4200 m of wire out in the North Atlantic. Winkler (1982) collected
hundreds of specimens between 290 and 1250 m in the North Atlantic. Larson et al.
(1991) observed several at 425-835 m in the northwestern Atlantic. Pagés et al. (1994:
1996) and Pagés and Schnack-Schiel (1996) collected P. haeckeli between 0 and 2010
m, with the bulk of the population between 500 and 1000 m, in the Antarctic.
Alvarifio (1999) reported the species at 475-600 m off of Baja California. Thuesen
and Childress (1994) collected a Pantachogon sp. from 800 m off southern California.
Gladfelter (1970) collected the species from 300-500 m in Monterey Bay. It was
collected off Washington at 1200-1800 m (Burd and Thomson 2000) and off the
Pacific coast of Canada in 910 m open net tows (Fulton et al. 1982). Pantachogon
was observed from 130-630 m (bottom) by Mackie (1985) in Pisces IV off British
Columbia. In the present study, P. haeckeli was found between 515 and 1000 m, with

a maximum abundance of 1.19 medusae hour" measured at 1000 m in September,
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1997 (Figure 34). It was more common during the oceanic than the upwelling season
(Figure 35). The medusae occurred over a narrow range of T (4.02-5.38 °C), S (34.22-

34.40), and DO (0.23-0.53 ml/).

Tetrorchis erythrogaster Bigelow 1909

Thirty specimens of T. erythrogaster were observed in Monterey Bay from
1997-1999. The original description of the genus and species was from samples
collected with open trawls to 548-1463 m the eastern tropical Pacific (Bigelow 1909).
Kramp (1959) reported on nine specimens from the west coast of Africa collected with
2000-4000 m of wire out. More recently, Thuesen and Childress (1994) collected
several from 600 m off the coast of southern California. Wrobel and Mills (1998)
report the species occurring in Monterey Bay. In the present study, T. erythrogaster
was found from 295-930 m, with the highest abundance of 3.35 medusae hour™ at 500
m in May, 1997 (Figure 36). Seventeen T. erythrogaster were observed during
transects from 1997-1999. The medusae were much more abundant during the
upwelling than the oceanic season (Figure 37). They were found over a relatively

narrow range of T (4.10-6.63 °C), S (34.15-34.43), and DO (0.19-0.84 ml/).

Order Narcomedusae
Family Aeginidae

Aegina citrea Eschscholtz 1829
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Aegina citrea is the most common medusa found in Monterey Bay, with
24,237 medusae observed between 1990 and 1999. It has been reported in all of the
world’s oceans, with the exception of the Mediterranean (Mayer 1910; Kramp 1959;
1965; 1968). Naumov (1960) reported many A. citrea from the surface to 2000 m in
Russian waters, while Vinogradov (1997) observed several from 250-500 m. Kramp
(1959) reported on A. citrea collected with 25-5,500 m of wire out and at 330-2100 m
(1948) throughout the Atlantic. Winkler (1982) collected several specimens between
50 and 1250 m in the northern Atlantic. Larson et al. (1991) observed many
specimens from 680-740 m in the northwestern Atlantic. Pages et al. (1994) collected
A. citrea at 500-2000 m off of Antarctica. Alvarifio (1999) collected the species at 25-
600 m off of Baja California. Alvarifio (1967) reported A. citrea from 700-1500 m off
San Diego, California. Thuesen and Childress (1993; 1994) collected the species from
800 m to >1500 m off the coast of southern California. It was observed in low
numbers in surface waters in Puget Sound (Mackie and Mackie 1963; Arai and
Brinckmann-Voss 1980; Mills 1981). Fulton et al. (1982) collected several specimens
from 182-910 m with open net tows off western Canada. Mackie (1985) observed
hundreds of A. citrea from 70-650 m (bottom) in the waters of British Columbia.
Kramp (1965) reported on large numbers of A. citrea collected with 50-11,200 m of
wire out from many locations in the tropical Pacific. Toyokawa et al. (1998) observed
one specimen at 600 m in Sagami Bay, Japan. In the current study, A. citrea was
encountered from 150-1000 m. The highest recorded abundance was 224 medusae

hour!, at 800 m on November, 1995 (Figure 38). The bulk of the population was
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typically found below 600 m. While running midwater transects from 1997-1999,
17,380 A. citrea were observed. The range and vertical distribution of the species did
not change significantly between the upwelling and oceanic season, however A. citrea
were five times more abundant during the upwelling season (Figure 39). The species
was found over a very wide range of T (3.88-10.42 °C), S (33.75-34.46), and DO

(0.27-3.8 ml/).

Aeginura grimaldii Mass 1904

Seventeen medusae were observed between 1997 and 1999. This species was
found in the deep-sea areas of the Pacific, Indian, and Atlantic Oceans (Kramp 1948;
1968). Kramp (1948) reported on large numbers collected with 1000-4200 m of wire
out in the North Atlantic. Winkler (1982) collected several hundred specimens at 290-
1250 m in the North Atlantic. Naumov (1960) reported many from >500 m in Russian
waters. Larson et al. (1991) observed A. grimaldii at 670-880 m in the northwestern
Atlantic. Alvarifio (1999) reported A. grimaldii at 50-350 m off Baja California. In
the current study, A. grimaldii was found from 295-1000 m. The maximum
abundance was 3.58 medusae hour™ at 400 m in September, 1998 (Figure 40). The
medusae have been observed from April-October. The species’ vertical range was
larger in the upwelling than in the oceanic season (Figure 41). The range of T (4.02-

7.53 °C), S (34.18-34.53), and DO (0.19-1.10) was relatively narrow.



Solmundella bitentaculata (Quoy and Gaimard 1833)

Solmundella bitentaculata was observed on 286 occasions during midwater
transects between 1997-1999. The species is known from all the world’s oceans
(Kramp 1968). Naumov (1960) collected S. bitentaculata at 0-1500 m in Russian
waters. Pages and Schnack-Schiel (1996) and Pagés (1997) collected the species at
100-850 m in the Antarctic Seas. Larson et al. (1991) observed several specimens |
from 700-900 m in the northwestern Atlantic. Alvarifio (1999) reported S.
bitentaculata from 475-600 m off Baja California. In the present study, S.
bitentaculata was found from 25-1000 m, with the bulk of the population between 300
and 800 m (Figure 42). The highest abundance was 1.59 medusae 100m™ at 600 m in
May, 1997. The medusae were three times more abundant during the upwelling than
the oceanic season, but there was no change in their vertical range (Figure 43). The
species was found over a wide range of T (3.84-12.77 °C), S (33.75-34.50), and DO

(0.12-3.73 mi/h).

Family Solmaridae

Pegantha clara Bigelow 1909

This medusa is primarily an epipelagic species (Bigelow 1909; Kramp 1968).
Two specimens have been observed in the mesopelagic of Monterey Bay, as well as
one at 15 m while bluewater diving. Winkler (1982) reported five specimens from

110-205 m in the North Atlantic. Larson et al. (1991) observed a single P. clara at
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