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ABSTRACT

Technological advances in undersea exploration (e.g., tethered cameras, remotely operated vehicles [ROVs],
Autonomous Underwater Vehicles [AUVs] and manned submersibles) have opened new windows into diversity and
distribution of fragile gelatinous organisms in the vast mesopelagic realm (~300 m — 1,000 m deep). While extraordi-
nary in expanding our view of its richness, mesopelagic exploration remains largely a ‘look but don’t touch’ envi-
ronment and this limits our ability to understand these animals through physical manipulation relevant to the finer
scales of the individual organism. We have been conducting a series of in situ observations and manipulations using
blue-water SCUBA during the night at a 1,200 m station centrally located in the southern Adriatic Sea. We report
here on a suite of vertically migrating gelatinous animals, including the narcomedusa Solmissus albescens and the
physonect siphonophores Forskalia formosa and Agalma elegans, whose ranges extend to the mesopelagic realm
during the day, but reach SCUBA diving depths during the night. Our in situ approach combined with proximity to
shore exploits the natural vertical migratory behavior of some mesopelagic species, and we therefore add to the wid-
ening spectrum of methods needed to evaluate these ecologically important yet difficult to study organisms.
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UTILIZZO DI IMMERSIONI NOTTURNE IN ACQUE APERTE IN ADRIATICO
MERIDIONALE PER ESPERIMENTI IN SITU CON ZOOPLANCTON GELATINOSO
MIGRANTE VERTICALMENTE

SINTESI

Progressi tecnologici nelle esplorazioni subacquee (quali videocamere collegate ai PC, veicoli guidati a distanza
[ROVs], veicoli subaquei autonomi [AUVs] e sommergibili con equipaggio) hanno aperto nuove finestre nella diver-
sita e nella distribuzione dei fragili organismi gelatinosi nel vasto regno mesopelagico (~300 m — 1.000 m di profon-
dita). La ricerca ha portato a straordinarie scoperte inerenti la ricchezza del regno mesopelagico, ma I’esplorazione e
rimasta ai livelli di "guardare ma non toccare", il che limita la nostra capacita di comprendere questi animali attra-
verso la manipolazione fisica, adattata alla sensibilita di ogni singolo organismo. Gli autori hanno condotto una serie
di osservazioni e manipolazioni in situ, durante immersioni notturne in acque aperte, in una stazione dell’Adriatico
meridionale che altrimenti raggiunge i 1200 m di profondita. L’articolo riporta le osservazioni su animali gelatinosi
migranti verticalmente, quali la narcomedusa Solmissus albescens ed i sifonofori Forskalia formosa e Agalma ele-
gans, che si trattengono nel regno mesopelagico durante il giorno, ma che risalgono a profondita accessibili in im-
mersione durante la notte. L’approccio in situ, unito alla vicinanza della costa, hanno permesso di evidenziare la
migrazione verticale naturale di alcune specie mesopelagiche. Tale metodo va quindi ad aggiungersi all’ampio spet-
tro di metodi utilizzati per la valutazione di tali organismi ecologicamente importanti e difficili da studiare.

Parole chiave: migrazione verticale, in situ, comportamento, idrodinamismo, mare Adriatico, immersioni notturne
SCUBA
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INTRODUCTION

Gelatinous zooplankton is an important member of
many marine planktonic communities, including mid-
and deep-water oceanic regions. The widespread pres-
ence of this phylogenetically diverse assemblage has
been documented by blue-water SCUBA techniques as
well as by both manned and remotely operated vehicles
(reviewed in Robison, 2004). A substantial portion of
pelagic biomass maybe incorporated into the bodies of
these organisms and their interactions are complex
enough that they have been labeled the "jelly web"
(Robison, 2004).

Although the gelatinous component of the plankton
is ecologically important, much of the research on oce-
anic gelatinous zooplankton has been descriptive in
nature due to the historically poor documentation of this
group’s presence in oceanic systems. Consequently,
much of this work has focused on discoveries of new
species, establishment of systematic and phylogenetic
relationships, patterns of distribution and abundance and
behavioral observations (Madin, 1988; Mills & Goy,
1988; Sernes et al., 2008). Although key aspects of their
physiological ecology have been described, such as the
tendency for a variety of gelatinous zooplankton to
largely maintain metabolic rate with depth (Thuesen &
Childress, 1994; Childress, 1995), detailed experimental
manipulations with gelatinous species from below the
epipelagic zone have been limited due to physical vul-
nerability (Dennis, 2003; Haddock, 2004; Osborn &
Barber, 2004) and often unexpected physiological re-
sponses to shipboard handling (Bailey et al., 1994). Con-
sequently, deeper water species neither transport well
nor survive adequately during controlled experimenta-
tion. Much more is known about more accessible
epipelagic species that are also physically vulnerable but
within the depth range of SCUBA (Dabiri et al.; 2005;
Rakow & Graham, 2006). This presents a dilemma for re-
search on mesopelagic and bathypelagic species — these
are obviously ecologically important species but we are
unable to study them as we do other oceanic animals due
to their inaccessibility. Here we provide a summary of
three years’ work in what we consider a rare circum-
stance where predictable nocturnal migrations of largely
mesopelagic gelatinous organisms occur at SCUBA
depths (upper 25 m) in the south-central Adriatic Sea.

METHODS

The sampling location where we routinely encoun-
tered mesopelagic organisms at the surface at night was
at the 1200 m deep station in oligotrophic waters of the
south-central Adriatic Sea (42°11" N, 17°42’ E) (Fig. 1),
regularly visited by the 30 m Croatian oceanographic re-
search vessel ‘Nase more’. Only eight scuba dives were
made during May-June in 2002, 2003 and 2005, spe-
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cifically for the collection of video footage of meso-
pelagic animals; ship —time at night was devoted pri-
marily to more traditional sampling techniques. All dives
were timed to start just prior to maximum ascent of the
vertical migrators (22:30-00:30 local time). Moon light
is generally an important variable when investigating
nocturnal species, but lunar phase could not be consid-
ered when scheduling cruises; details of lunar phase
during our dives are provided in Table 1.

Tab. 1: Summary of nighttime blue-water dives showing
the starting time of each dive and the lunar phase on
that date. Dive number is the same for figure 2.
Tab. 1: Seznam nocnih potopov v velikih globinah, z
zacetnim ¢asom vsakega potopa in lunino fazo na tisti
dan. Stevilke potopov ustrezajo tistim na sliki 2.

Dive
No. Date Time (Local) |Lunar phase
1 2 Jun 2002 22:30 1/4 (waning)
2 4 Jun 2002 22:30 1/5 (waning)
3 23 Jul 2003 23:30 1/5 (waning)
4 24 Jul 2003 00:10 1/6 (waning)
1/10 (wan-
5 27 Jul 2003 00:20 ing)
6 28 Jul 2003 00:10 New Moon
7 25 May 2005 23:20 7/8 (waning)
8 26 May 2005 23:00 7/8 (waning)

Night-time blue-water SCUBA and video collection

A variety of designs and gear exist for the use of spe-
cialized blue-water SCUBA (Hamner et al., 1975; Heine,
1986; Haddock & Heine, 2005). These designs were all
created with the intention of daylight operations when
diver visibility was of primary concern. However, when
blue-water SCUBA is used at night, there is a unique set
of challenges for the divers (Haddock & Heine, 2005).
Specifically, our dives were intended to maximize dura-
tion and clear video coverage, and so we used high in-
tensity video lights on each dive. This necessarily en-
tailed loss of darkened conditions favored by many spe-
cies. In order to minimize the effect of our bright lights,
individual divers (or diver pairs during manipulation
studies) remained separated at the fully extended tether
distance of 10 m. Additionally, working divers attempted
to stay on opposite sides of the main down-line to avoid
tether cross-over and re-sampling of organisms. Because
working at full-tether distance from the safety diver
poses additional risks of inadvertent sinking below
maximum intended operating depth, we set the central
trapeze at no deeper than 15 m on the main down-line.
Due to remoteness of the fieldwork and narrow temporal
window of vertical migrations, only one dive was con-
ducted each night.
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Fig. 1: Map of the study site showing the 1,200 m sta-
tion in the south-central Adriatic Sea.

Sl. 1: Karta obravnavanega obmocja z oznaceno postajo
na 1200 m globine v juZnem delu srednjega Jadran-
skega morja.

During the eight dives, individual working divers
used a digital video camera (Sony DCX-950, NTSC
miniDV format) in a waterproof housing (Light and Mo-
tion, Inc.). Two high-intensity lights (Sun Ray HID, Light
and Motion, Inc.) were turned on only while filming.
Video lights were turned off to re-acclimate light sensi-
tive animals around the divers if it was felt that lights
were either attracting or distracting too many animals.
We specifically targeted soft-bodied and gelatinous ani-
mals, though crustaceans and fish were common on
each dive (Tab. 2). The durations of individual video se-
quences were limited by the length of time a tethered
diver could remain with the target, and video sequences
typically ranged from only a few seconds to about one
minute.

All footage was reviewed in the laboratory. Individ-
ual sequences showing clearly identifiable morphologies
and behaviors were isolated and archived in a video li-
brary at the Dauphin Island Sea Lab. When necessary,
identification was aided by consulting taxonomic ex-
perts (as in the case of the physonect siphonophores).
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Tab. 2: List of gelatinous zooplankton taxa observed
and overall contribution by frequency of individual ob-
servation. Taxon number is for reference with figure 2.
Identifications were made to species level unless oth-
erwise indicated as ‘unknown’.

Tab. 2: Seznam obravnavanih vrst Zelatinoznega plank-
tona in splosni prispevek s frekvenco posameznih
opazanj. Zaporedne Stevilke vrste ustrezajo tistim na
sliki 2. Identifikacije so bile narejene na ravni vrste,
sicer je uporabljena oznaka ‘neznano’.

Taxon Contribu-
# Name tion (%)
1 Solmissus albescens 39.9
2 Geryonia proboscidalis 3.5
3 Pelagia noctiluca k1.6
4 Aurelia sp. 0.4
5 Amphinema sp. 0.6
6 Hydromedusa (unknown, small) 1.4
7 Nanomia bijuga 4.5
8 Agalma elegans 3.8
9 Forskalia formosa 6.6
10 Athorybia rosacea 0.4
11 Hippopodius hippopus 1.0
12 Dyphiid siphonophore (unknown) 7.6
13 Salpa maxima (solitary) 5.8
14 Salpa maxima (chain) 8.2
15 Salp (unknown) 0.7
16 Pyrosoma atlanticum 1.4
17 Doliolid (unknown) 3.1
18 Sagitta lyra 4.5
19 Phylloroe sp. 2.5
20 Gymnosome pteropod 0.7
21 Pseudothecosome pteropod 0.6
22 Pteropod (unknown thecate) 0.7
23 Tomopterid polychaet (unknown) 0.7

RESULTS AND DISCUSSION

Although we only made eight night dives at this lo-
cation, we nonetheless documented 23 recognizable
taxonomic taxa from video (Tab. 2). Eleven of these
were identifiable to species and at least one identifiable
to genus. Diversity within the planktonic community
was dominated by cnidarians (medusae and siphono-
phores = 71.2% of all observations) and pelagic tuni-
cates (salps, doliolids and pyrosomes = 19.1% of all ob-
servations) (Tab. 2). Among the cnidarians, frequency of
observation was dominated by the vertically migratory
hydromedusa Solmissus albescens (40% of all observa-
tions). In fact S. albescens was highly predictable at this
location as it occurred on 7 of the 8 dives (Fig. 2). Mills
et al. (1996) accumulated a species list consisting of 35
taxa during 26 ROV dives in the northwestern Mediter-
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Tab. 3: Most frequently observed gelatinous zooplankton species and their reported depth distributions. Species
that have a reported mesopelagic distribution are indicated with an (*). Note that approximately 2/3 of the species
commonly found in surface waters at night have previously been characterized as possessing mesopelagic distribu-

tions.

Tab. 3: Najpogosteje opaZene vrste Zelatinoznega planktona in njihova globinska distribucija. Vrste z zabeleZeno
mezopelasko distribucijo so oznacene z (*). Priblizno 2/3 vrst, ki jih ponoci ponavadi najdemo v povrsinskih vo-
dah, je bilo predhodno uvrscenih pod vrste z mezopelasko distribucijo.

Taxa list Rep(')rtcfd ve'ertlcal Location Reference
distribution

Solmissus albescens® 560-25 m NW Med Laval et al., 1989; Andersen et al., 1992
1,000-surface S Adriatic Batisti¢ et al., 2004; Benovi¢ et al., 2005

Salpa maxima* surface SW Atlantic Sigl, 1912; Amaral et al., 1997
>300m-surface W Med Franqueville, 1971 (and refs therein)

Forskalia formosa* ~600 m W Med Mills et al., 1996

Sagitta lyra* >600 m-surface S Adriatic Batistic et al., 2004

Nanomia bijuga* surface W Med Mills et al., 1996
10-800 m E Pacific Robison et al., 1998

Geryonia proboscidalis | surface S Adriatic Benovic et al., 2005

Agalma elegans* 600-300 m W Med Mills et al., 1996; Franqueville, 1970, 1971

Pyrosoma atlanticum* 700-75 m NW Med Andersen et al., 1992

Hippopodius hippopus* >100 m-surface S Adriatic, Med | Mills et al., 1996; Batisti¢ et al., 2004
400 m W Med Franqueville, 1970, 1971

Pelagia noctiluca* surface W Med Mills et al., 1996
1,400 m-surface W Med Franqueville, 1970, 1971

ranean Sea. However, the difference between our obser-
vation list and theirs is likely due to greater observation
durations using ROV technology.

Ten species of gelatinous zooplankton accounted for
more than 80% of all observations (Tab. 3). Nine of
these species are documented as having a mesopelagic
distribution. Therefore we consider their presence in the
upper 25 m during our dives as a consequence of a
nocturnal vertical migration as no large gelatinous
plankton was observed during any preliminary daytime
SCUBA dives during the first year of the study at the very
same location.

Previous studies demonstrated that a diverse com-
munity of both crustacean and gelatinous zooplankton
commonly occur at this particular location (Benovi¢ et
al., 2005; Luci¢ et al., 2005). Yet, their presence at the
very near surface remains an enigma due to low pro-
duction rates and plankton standing stocks in the south-
central Adriatic. Our taxonomic information along with
that of Benovi¢ et al. (2005) and Luci¢ et al. (2005) sug-
gests seasonal shifts in the migrating community from
the spring siphonophore-rich community to the summer
salp-rich community. The narcomedusa S. albescens
was consistently common through both seasons. S. al-
bescens appears to be an important predator on both si-
phonophores and salps as we routinely observed S. al-
bescens returning to depth with guts filled with both
prey types. Similar interactions between mesopelagic
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dwellers have been characterized as a ‘jelly web’ where
predator-prey interactions within the gelatinous zoo-
plankton community partitions material flow away from
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Fig. 2: Frequency of taxa observations during eight
night-time blue-water dives. Dive number is the same
as in Table 1. Numbers within each stacked plot indi-
cate taxa as referenced in Table 2.

Sl. 2: Frekvenca opazovanj tekom osmih noc¢nih poto-
pov v velikih globinah. Stevilka potopa je ista kot v Ta-
beli 1. Stevilke znotraj vsakega dela stolpca ustrezajo
vrsti, navedeni v Tabeli 2.
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Fig. 3: Two examples of nighttime bluewater SCUBA
manipulations of mesopelagic gelatinous zooplankton,
(@) Agalma elegans and (b) Solmissus albescens. Wakes
and vortices are visible via manual dye injection at the
upstream swimming path (the diver’s pipet tip is visible
in the top panel).

Sl. 3: Dva primera obravnave mezopelagi¢nega Zelati-
noznega planktona, (a) Agalma elegans in (b) Solmissus
albescens, tekom nocnih potopov v velikih globinah.
Turbulence in vrtinci so vidni zaradi brizga barve v
zgornji del plavalne poti (vrh potapljaceve pipete je vi-
den na zgornji sliki).

non-gelatinous organisms (Robison, 2004). In the pres-
ent work, we documented these same mesopelagic
predator-prey interactions in the south-central Adriatic
Sea at depths approachable by SCUBA divers. The site is
particularly valuable because the high-amplitude of the
vertically migrating community is rare, if not unique, in
its proximity to the shore.
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A natural laboratory for manipulative investigations

Nocturnal  vertical ~ migration  of  otherwise
mesopelagic species provided us with an opportunity to
engage in direct manipulation of mesopelagic animals
via SCUBA. Owing to the tactile and perceptional abili-
ties of trained blue-water SCUBA divers, these types of
manipulations are difficult or impossible with other ‘re-
mote’ technologies such as cameras, ROVs, AUVs and
submersibles. Previous studies of the swimming behav-
ior of epipelagic medusae have demonstrated that divers
can control and make detailed examination of swim-
ming wakes to better understand unusual propulsive
mechanisms (e.g. Dabiri et al., 2005). Similarly, SCUBA
access to mesopelagic species has allowed us to ma-
nipulate conditions that permit visualization and analy-
sis of the wakes of mesopelagic species such as Solmis-
sus albescens (Colin et al., 2006; Fig. 3a). Furthermore,
current efforts are underway with a variety of siphono-
phores, medusae and salps (the authors, unpubl. data;
see Fig. 3) using these in situ methods and other ma-
nipulations adapted from laboratory hydrodynamic
studies (e.g. Katija & Dabiri, 2008). The combination of
new quantitative in situ approaches and access to
mesopelagic species provides us the opportunity to ex-
amine the functional ecology of these gelatinous species
at levels of quantification and direct manipulation that
have not been previously possible. Consequently, this
approach provides another tool among a growing list
(Haddock, 2004; Robison, 2004) that enables research-
ers to evaluate these demonstrably important gelatinous
animals which have been largely inaccessible for quan-
titative research.
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POVZETEK

Tehnoloski napredek v podvodnem raziskovanju (npr. fotoaparati in kamere z racunalnisko povezavo, vozila na
daljinsko upravljanje (ROV), avtonomna podvodna vozila (AUV) in mini podmornice s posadko) je omogocil nov
vpogled v diverziteto in razsirjenost obcutljivih Zelatinoznih organizmov v obseZnem mezopelagi¢nem pasu (~300-
1000 m globoko). Raziskovanje mezopelagi¢nega obmocja nam je sicer izjemno razsirilo pogled na bogastvo tega
okolja, vendar v glavnem ostaja v okvirih opazovanja brez fizicnega dotika, kar omejuje naso zmoZnost razu-
mevanja teh Zivali s pomocjo fizi¢ne obravnave, ki bi ustrezala obcutljivosti posameznega organizma. Opravljena je
bila vrsta no¢nih in situ opazovanj in obravnav s SCUBA potopi v globinah, in sicer na postaji z globino 1200 m v
juznem Jadranskem morju. Obravnavana je bila skupina vertikalno migrirajocih Zelatinoznih Zivali, vklju¢no z
narkomeduzo Solmissus albescens in cevkaci iz reda Physonectae Forskalia formosa ter Agalma elegans, katerih raz-
pon sega od mezopelagicnega obmocja ¢ez dan do globin, dosegljivih s SCUBA potapljanjem ponoci. Z in situ
pristopom, kombiniranim z blizino obale, smo lahko sledili naravhemu vertikalnemu migriranju nekaterih mezo-
pelagic¢nih vrst ter s tem prispevali v vedno Sirsi spekter metod za evalvacijo teh ekolosko pomembnih organizmov,
ki pa jih je tako tezko proucevati.

Klju¢ne besede: vertikalna migracija, in situ, vedenje, hidrodinamika, Jadransko morje, no¢no potapljanje SCUBA
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