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California, at one head of the Monterey Submanne Canyon system. Scuba dives a>ere
conducted from June 1990 through October 1991. The depths ranged from 15 m to 35 m,
and the visibility was generally poor, at one to three meters. A total of 16 dives have
been made by the authors, and from one to over 30 sharks ruere encountered on 13 dives.
Approximate total length of the sharks varied from from 1.5 to 4.0 m. We are currently
conducting a tagging project designed to gain more information on site fidelity and
movements of g. ~.

8
line off the west coast of North America in the lower Gulf of California  Galvan-Magana et al., 1989!,
and off Los Angeles, San Diego, Santa Barbara, and Moss Landing  Hubbs and Clark, 1943; Roedel and
Ripley, 1950; Varoujean, 1972!. The known distribution of g. ~ki includes the temperate and tropical
waters of the Pacific ocean, from central California to Peru, including Hawaii and New Zealand,
Specimens have been taken at depths from 10 to 280 m  Roedel and Ripley, 1950; Garrick, 1960; Miller
and Lea, 1972; Castro, 1983; Eschmeyer and Herald, 1983; Compagno, 1984; Galvan-Magana et al.,
1989!. E. g~ are considered rare, and to our knowledge have never been seen alive in their natural
habitat previous to these observations.

The classification of P. ~~p is controversial; they have been classified in the family Squalidae
 Squaliformes!, subfamily Echinorhininae  Miller and Lea, 1972!, and in the family Echinorhinidae
 Squaliformes!  Compagno, 1984; Nelson, 1984!. The taxonomic position of g. gag~ is still under
debate, and it has been suggested that it is more closely related to sharks of the order Hexanchiformes
 V aroujean, 1972!. Sequences of the 18S rRNA and cytochrome b genes of the prickly shark, the dogfish
SQ~ Ih I%I 5 !." S ' ~ d'
were found to be equally divergent, suggesting that the prickly shark is no closer to the order
Squaliformes than to the order Hexanchiformes  Bernardi and Powers, 1992!.

p ~ ~ .p . E. l ~ a I n-
 Garrick, 1960; Miller and Lea, 1972; Eschmeyer and Herald, 1983!. The type specimen of I, ~Zj,
caught off Hawaii, was described by Pietschmann �928!, although the specimen itself is missing
 Garrick, 1960!. Due to the lack of information in the original description, g. ~~ has been confused
with $. ~~. The two species are!amilar, but differ considerably in morphology and placement of the
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denticles, which are smaller � to 5ritin at the base! and more uniform in g. gg~i  Garrick, 1960; Silas
and Selvaraj, 1972; Varoujean, 1972; Bass et al., 1976; Tinker, 1978!.

Observations

g. ~ki has been observed by Scuba divers at one head of the Monterey Submarine Canyon system
near Moss Landing, California  Fig. 1!. Scuba dives were conducted from June 1990 to October 1991. The
depths of sightings ranged from 15 to 35 rn, and the visibility underwater was generally poor, at 1 to 3 m
horizontally. Prickly sharks were encountered on 13 of 16 dives, in numbers ranging from 1 to over 30
sharks on one dive  Table 1!.

DItsn a ~ t rr'w

Fig 1. Monterey Bay, showina depth contours to 1NO rn. The head of the canyon
where the prickly sharks are siIhted is located at Moea Landing.

Once the canyon axis was found, divers descended to 30 meters, and swam along the canyon slope on
a heading of 270 degrees. Estimated distance traveHed along this bearing was 150 meters  using kick
cycles!. Counts of g. g~j were taken to one meter above and one meter below the divers, who swam
one meter apart. This gave an approximate area of 450 square meters for each transect. At the
termination of the first transect, divers ascended to 20 meters and swam a second transect on a heading
of 90 degrees.

The bottom and edges of the canyon axis are primarily soft sediment, becoming compact and ciay-
like as one proceeds westward along the north wall of the canyon head. This section supports a
relatively diverse, primarily benthic community of organisms. The walls begin to drop steeply at
approximately 20 m, and it is in this area, to 35 m, that most of our observations of Q. ~ were made.
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Table i. Number of prickly sharks, Echinorhinus «ookei, observed in the Monterey Canyon.
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Prickly sharks seem to be sluggish swimmers, although they move quickly when alarmed. They
were often observed with sediment on their dorsal surface which is indicative of slow movement  see
Fig. 2!. They generally oriented close to the bottom or canyon slope. During one dive when
approximately 40 prickly sharks were observed, the sharks appeared to swim haphazardly in many
directions. Even in the poor visibility of two meters on that particular dive, up to 4 sharks could be seen
together, indicating their close proximity to one another. The sharks didn't seem disturbed by our
presence, and even tolerated physical contact.

Of the more than 90 E. gggk! t encountered, several had distinctive markings. On three, the upper
lobe of the caudal fin was stunted  almost missing on one!, and two had bumps approximately 1-2 cm in
diameter along the posterior trunk and caudal fin area  the only area seen!. In addition, several
individuals were seen with circular and elongate wounds and scars  approximately 10 cm in diameter!
along the length of the body. A video record of these observations was taken by the senior author, but
we were unable to determine if the same individuals were seen more than once.

Consistent with others' observations  Garrick, 1960; Tinker, 1978!, the larger sharks were thick
bodied, and the girth on one shark  estimated length 4 m! appeared close to 1/4 the total length.
Eschmeyer and Herald �983! suggest that although g. ~g~ is a deep water species, immature sharks
frequent shallow waters, while the adults probably remain in deep water. We observed several large
females and males over three meters in length, and large males had well developed daspers. Of the 34
specimens collected by Varoujean �972!, total lengths of males ranged from 0.47 meter to 2.2 meters,
while total lengths of females ranged from 0.44 meter to 3.0 meters. Our observations indicate that
adult g. ~gag:L, as well as juveniles, are found periodically nearshore in water less than 35 meters
depth.

We are currently tagging P. gZ!~ki in an attempt to gather more information, through resightings,
on site fidelity. Because prickly sharks are easy to approach and are not aggressive, They are tagged
by divers using modified pole spears, To date, 18 sharks have been tagged in the canyon, and none have
been resighted. We plan to explore other canyon heads in the area, both with divers and possibly using
remotely operated vehicles  ROVs! to locate g. ~~gj, Acoustic tags, also attached to the sharks by
divers, will give us more information on movement patterns. These data, and continued observations by
divers, will add to the small database that currently exists on the little known prickly shark,
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Tire arctic kelp ~Laminar' solid~un QtiLe a predenrinanl member of the Bontder Patch
kelp bed community in the Alaskan Beaufort Sea and serves as bofh food and shelfer for
a diverse assemblage of marine invertebrate fauna. The growth and productivity of g,.
~4zgQg is related to its underwater light environment, which varies considerably
on both spafia  and temporaif scales. Continuous measurement of fhe amount of
photosynthetically acfive radiation  PAR! reaching the planfs was examined in
August 1984 and confinuously from August 1986 to August 1991. Specially designed
wafer-tight chambers containing Ll-COR dataloggers were deployed by divers af seven
locations on the seabed. Maximum dayfime levels of PAR showed large seasonal
differences, ranging from 0 to 15 pmol photons m's' during the ice-covered period fo
between 0 and 250 pmol photons m's ' during the open-mater season. Periods of
decreased water transparency during the summer arui large patches of turbid ice in
winter were the major causes of low or undetectable levels of PAR. The lowest annual
quantum budgets for f. kg@la ranged jrom 45 to 50 mol m'yr', which represented
only about 0.2% of total surface PAR. Although, previous studies irulicate that g.
~~~ possesses a very low light requirement for net photosynthetic carbon
production, our data indicate that this species is living af ifs physiological linrifs in
the Beaufort Sea Boulder Patch.

Introduction

1Ms paper presents the results of a multi-year study on the underwater light environment of an
arctic kelp community. Known as the Boulder Patch, this community is a unique feature of the Alaskan
Beaufort Sea shelf, which is otherwise characterized by unconsolidated sediments and the absence of
hard rock substrates  Dunton, 1992!. Measurements of photosynthetically active radiation  PAR! were
collected to assess quantitatively changes in suspended sediment concentrations that may have resulted
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from the development of an offshore oil production facility  the Endicott Development Project!, to
examine temporal and spatial variations in underwater PAR, and to calculate annual quantum budgets
for Lamini~ ~li u~nul . Only the latter two objectives are addressed here; the assessment of iong
term light availability in relation to the Endicott project are addressed elsewhere  Galiaway and
Martin, 1992!.

Variations in annual quantum irradiance, when used in conjunction with growth and photosynthetic
parameters, are critical in estimating the minimum light requirements for growth and survival of the
plant in the field. For example, an earlier one year study on the light requirements for growth in L.
gglliun~i in the Canadian High Arctic showed that the annual irradiance for the lower depth limit
of this species �0 m! was about 89 moi m-i yr'  Chapman and Lindley, 1980!. This was similar to the
result of 70 mol m ' s' obtained by LHning and Dring �979! for the lower limit  8 m! of Q. hi~~~g in
the North Atlantic. In the Stefansson Sound Boulder Patch, the results of this long-term study suggest
that the light requirements for growth may be much lower, since Q ~~ggll is normally not exposed
to significant winter and spring contributions oF PAR as is submerged vegetation in other reyons.

This paper presents the results of underwater PAR measurements coLlected in August 1984 and
continuously from August 1986 through mid-August 1991 at seven experimental sites in the nearshore
Beaufort Sea, Measurements of surface PAR recorded at a nearby shore station are also presented,

Materials and Methods

Field studies were conducted in August 1984 and 1986-1991. Seven sites, aligned on two transects
extending seaward from the shore, were studied in the Stefansson Sound Boulder Patch kelp community,
off Alaska's north arctic coast  Fig. 1!. The transects lie on either side of an offshore oil production
facility, the Endicott Development Project  EDP!, which was constructed in 1985. The west transect,
which is closest to the constructed islands and causeways of the EDP, contains three stations, which lie
in somewhat deeper water than the stations on the east transect, located to the east of the EDP. Site
DS-11  Dive Site 11!, located on the east transect, is an historical research site that has been used by
investigators since 1978  Dunton ef al., 1982!. The EDP consists of a gravel causeway that extends
offshore to pin two small gravel production islands. The water depth surrounding the EDP ranges from
2 to 4 m. The seven sites range in depth from 4.6 to 6.4 m. Research has been conducted at DS-ll,
farthest offshore, at least annually since 1978, A geological and biological description of this area is
summarized by Dunton et al. �982!. Bottom water teinperatures usually varied from -1. FC to 4'
during the five summers of study, with salinities typically ranging between 18 and 25 ppm.

Measurements of photosynthetically active radiation  PAR ~ ca. 400 to 700 nm wavelength! on the
seabed were collected continuously at each of the seven sites using an U-193SA spherical � ! quantum
sensor which provided input to a LI-1000 Datalogger  Li&or Inc., Lincoln, Nebraska, USA! in a
waterproof case  Fig. 2!. The sensor was mounted on a small tripod one-half meter above the bottom to
minimize fouling by drift algae. No major biofouling was ever observed and there was no shading of the
sensor by the kelp, since the fronds of ~eggy do not extend upward into the water column, but lay on
the bottom. Instantaneous PAR was measured at one minute intervals and integrated over an hourly or
three-hourly period. To maximize our chances of obtaining complete and continuous 12-month data sets,
we changed the integration period on six LI-1000 dataloggers from a 1-hr to a 3-hr interval in August
1987 and added a large power source. Coincident measurements of surface PAR were made at a nearby
shore-based field station  ca. 10 km distant! using a LI-190SA quantum sensor and datalogger. The
sensor was mounted atop a 33 m tower to eliminate shading from nearby buildings and drilling
structures. The sensors are accurate to g 5%  traceable to NBS!, stability is Z 2% over any one year
period, and data are recorded with a precision of g OJ	 pmol m~ s'.
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Fig. 1. Location of study aitea in Stefanaaon Sound Boulder Patch kelp community.
Depth contours are in xnetexs. MPI: Main Production island; SDI: Satellite DriIHng
Ialaud.

A continuous record of underwater photon flux fluence rate  PFFR! was collected for a two-week
period in 1984, and then for uninterrupted 12-month periods starting in August 1986. In all years, fouling
of the spherical quantum sensors was minimal after one year ID ~. All were coated with a thin film
of silt that reduced PFFR about 10%, based on comparative measurements prior to and following
cleaning of the sensors, but none were encrusted with organisms. This small reduction in PFFR was
common to aH sensors, which were thoroughly cleaned in early August of each summer, about three
weeks following break-up of the ice canopy,

Statics:
Statistical analyses were performed on a microcomputer using a general linear models procedure

 SAS Institute 1985!. Significant differences in PFFR among sites and years were tested using a two-
way analysis of variance  ANOVA! using time as a block. In this case, "time" is the date and hour
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Fig. 3. Maximum daily surface and underwater PFFR at DS-Il from I june 1990
through I August 1991.

Table 1. ~~jnIJtjitjJtltgttjg, Mean PFFR  pmol m 2s I! of all available summer
irradiance data collected at sites from 1986-1991 � hr integrations!. nd: no data

1989 1990
�5 Jul-30 Sep! �5 Jun-30 Scp!

1986 1987 1988
�1 Asg-30 Sep! � Jul-30 Sep! � Jul-30 Sep!

1991
�1 Jul-18 Aug!

nd
63

nd
11.0

8.9

73
211.8

20.6

17.1
200.4

gable 2. ~~a JtttJjtbtgtgttjn, Mean PFFR  iamol m s ! of underwater PFFR for
the period 15 july - IS August from 1986 - 1991. Mean values are based on PFFR data
from sites W-2, E-2 and DS-11; values with the same letter are not significantly
dif ferent.
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A summary of underwater PFFR  as reflected in daily 3-hr integrated maximum values! at these
three sites is shown in Fig 4 for 1990 and 1991, In general, the ablation of most land-fast ice in
Stefansson Sound occurs by mid-July, although it can occur much earlier  Table 3!. Break-up is usually
followed by a rapid increase in light levels which remain elevated throughout most of July and August.
In 1990, break-up of land-fast ice occurred by 25 June  Fig. 4!, and was followed by rapid increases in
PAR to 150 to 250 !tmol m s '. In 1991, break-up did not occur until 11 July, and was not followed by a
substantial increase in underwater PAR. Decreases in water transparency usually occur by early
September, such that PFFR seldom rises above 10 p.mol m t s ', although favorable weather conditions
occasionally result in PFFR values of up to 25 p.mol m' s' for short periods before the onset of ice
formation in early October. The abrupt drop in light levels in early August, 1990, at all sites in
Steffanson Sound  Fig. 4! is entirely related to large decreases in water transparency, a product of large
westerly and northeasterly storms characterized by winds exceeding 40 km h' that predominated
during this period. The short period of higher light levels in mid-October, 1990, appears to be
coinddent with sea ice formation and a period of decreased water turbulence and thus lower turbidity.
However, light is rapidly attenuated as sea ice accretion continues and attains a thickness of 30 to 50 cm
by early November.

Table 3. Dates of break-up of the ice canopy in Stefansson Sound based on hght data
collected at the seven experimental sites over the duration of this study.

Y r te k-u

1987

1988

1989

1990

1991

8 July
1 Ju!y
15 July
25 June
11 July

An interannual comparison of in situ underwater irradiance at site DS-11 from 11 to 23 August is
shown in Fig. 5 alongside recorded levels of surface solar radiation. All PFFR data presented are
measurements collected once per minute and integrated every three hours. Underwater PFFR was
highest in 1986 and lowest in 1988 and 1991, while surface levels varied little among years  no incident
PFFR data are available for 1984!. Most years were characterized by 24 day periods when PFFR
levels remained below 2 pmol m s' due to high water turbidity that resulted from intense storms.
Measurements from three sites  W-2, E-2, DS-11! for which a complete data set is available for the
entire open-water period  from break-up to 30 September! between 1987 and 1990 revealed that mean
PFFR was significantly greater in 1989 and 1990 than in all other years. The mean PFFR of the three
sites in 1987 was 7.6 ltmol m~ s', compared to 4S �988!, 10.1 �989!, and 11.0 �990!. In contrast, surface
PFFR was lowest in 1987. Values ranged from a high of 278 in 1990 to a low of 212 in 1987 for the same
period, A complete data set is not available for these sites in 1986 or 1991.

The substantial decrease in PFFR by mid~ber marks the onset of ice formation in Stefansson
Sound  Fig. 4!. A concurrent decrease in surface light in the late autumn to low winter levels also results
in nearly undetectable levels of underwater light through November, Dtxernber, and January  Fig. 3!.
In previous years, we have also clearly documented that light levels remained nearly undetectable
through February, but increased steadily through March and April at locations where turbid ice
concentrations were minimal. Short term temporal variations do occur in under-ice PFFR, but these are
attributed to differences in surface snow cover and ice accretion during the winter and early spring. The
character of the ice canopy is determined at freeze-up and consequently defines the light environment
for the next eight to nine months. Previous studies  Dunton 1984, Dunton and Schell, 1986! have
demonstrated that low winter levels of PAR are related to high sediment concentrations in the ice
canopy  i.e. turbid ice!. 1Itese sediments are almost entirely incorporated into the ice canopy during
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freeze-up in October  Dunton et al., 1982!. In this study we found measurable under-ice levels of PAR at
all sites, but values varied considerably. For the period 1 March to 15 May, average under-ice PFFR
ranged from 0 to 225 pmol m ' s' between 1987 and 1991  Fig. 6!. These mean values reflect daily 3-hour
maximum PFFR values that range from 0.01 to 15,7 p.mol m' s-', These light levels reflect the temporal
and spatial heterogeneity in turbid ice cover based on a process that occurs entirely at random.
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Fig. 4. Average daily maximum underwater PFFR at Iitee W-l, E-2 and DS-li from
June through late Septennber, based on continuous S4u integrationl in 1990 and 1991.
Ireak-up of ice canopy occurred by 25 June in 1990 and 11 July in 1991.

The annual quantum budgetS fOr ~ttxtaoit githhillggg at sites W-2, E-2, and DS-11 in Stefantson
Sound are shown in Table 4. Values range hem a maximum of 140 mol m~ yr ' in 1990 to a low of 45 mol
m yr' in 1988. It is likely that plants at site E-2 received weB over 100 mol m' yr ' in 1986, since this
total only includes the last three weeks of August, September, and October. Plants in Stefansson Sound
were thus exposed to large differences in PAR between 1986 and 1991 among the different sites.
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Fig. 6. Variation in mean under-ice FFFR ot seven sites from 1 March to 15 May 1987-
'199L Data for E-2 in 1991 reflects period from 1 March to 10 April.

Disc ussicm

Levels of underwater PAR varied greatly among years and sites over the five-year continuous
period of this study. Nearly all this variation can be attributed to distinct changes in water
transparency during the summer open-water period, since the annual differences in underwater PAR
cannot be correlated to variations in surface insolation. The causes of the changes in water
transparency, particularly the very poor conditions that prevailed through July and August 1988 and
1991, are predominantly products of storms and associated shifts in wind induced currents. Although
the light received during the nine-month ice covered period <Qctober through June! usually represented
less than 10% of the total amount of light reaching the plants in most years, it can comprise as much as
15 to 30% of the annual light budget  e,g., 1988!. These substantial variations reflect the highly
dynamic nature of high arctic aquatic systems.
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Table 4. Iduttittitria attlitbtlugttIa. Annual gtuantum budgets for kelp at three sites in
Stefansson Sound in between 1986 and 1991. Note that data sets for 1986 and 1991 do

not cover an entire 12-xnonth period; nd: no data
Total irradiance  mol m 2 yr 1!

Year

W-1 W-2 W-3 E-1 E-2 E-3 DS-11

nd 51 nd nd 74
nd 68 nd nd 61

nd 45 52 nd 47

62 61 58 91 64

82 74 98 124 115

nd 18 19 19 12

1986 �1 thug-31 Oct 1986!
1987 � Nov 1986-31 Oct 1987!
1988 � Nov 1987-31 Oct 1988!
1989 � Nov 1988-31 Oct. 1989!
1990 � Nov 1989-31 Oct 1990!
1991 � Nov 1990-18 Aug 1991!

The 1990 summer was unique in that benthic plants were exposed to a prolonged period of elevated
light conditions early in the summer. This resulted in part from an early break-up of the fast ice and
relatively low frequency of storms and high winds, As a consequence, the amount of light reaching the
plants was much greater than in previous years, with values ranging from 74 to 140 mol m' yr'. In 1991,
ice break-up occurred much later, water transparency remained low, and the plants were thus exposed
once again to record low levels of PAR.

Comparison of surface and underwater PAR measurements reveals an annual transmittance of
incident PAR that ranges from close to 0.001 to 0.6%. This transmittance corresponds to about 45 to 50
mol m-' yr' and is substantially lower than the annual irradiance of 89 mol m' yr' reported for
~Lmin ri tttthdt~nl at ita tower depth limit in the Canadian High Arctic tChapman and Ltndtey.
1980!. It is also lower than the 70 rnol m-2 yr' obtained by LHning and Dring �979! for the lower limit
 8 m! for J. jgi~t~ in the North Atlantic. The large temporal and spatial variations in
underwater PAR in Stefansson Sound contribute substantially to differences in the growth and
productivity of J,, ~~~t  Dunton, 1990!. In addition, the ability of J,. ~g~gILjtt to survive at
more reduced levels of total annual PAR may be related, at least in part, to substantial carbon
production during the ice-covered period. Under-ice light levels as low as 10 Itmol ma s' appear to be
associated with a doubling of annual growth in L. ~li u~nLg  Dunton et Nl., 1991!.
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AQUARIUS HABITAT SITE AT CONCH REEF:
POSSIBILITIES FOR RESEARCH ON FOI4LMINIFERA WITH ALGAL SYMBIONTS

Pamela Hal lock

Helen K. Talge
Department of Marine Science

University of South F1orida
140 Seventh Ave. S.

St, Petersburg, FLORIDA 33701 U.S.A.

Rubble botfom and proximity to reefal habitats makes the Florida Keys site selected by
the NOAA-NURCfUNCW program for initial deploymenf of the AQUARIUS habitat
an excellent location to collect and conduct experiments on reef-associated benthic
foraminifera, particularly larger species that host algal symbionts. Symbiont-bearing
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I!I ~!''
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and porcellaneous species is also present. The abundance of rubble substratum
faciifitates non-desfrucfive foraminiferal sampling by SCUBA or NITROX divers
equipped with small brushes and plastic bags. Sediment, foraminifera, and other
loosely attached benthos can be concenfrafed in coif lecting bags and rubble returned to
fhe reef. Interest in use of foraminiferal-algal symbioses as surrogates for coral-algal
symbioses may increase as coral populations continue to decline in the Florida Keys.

Intmduction

Foraminifera are shelled marine protozoans  Class Sarcodina, Order Foraminiferida! whose study
can have geological, environmental, and biological significance. As a result of their relatively small
size and preservation potential, they are useful in comparing present and past environments. Studies of
modern species, populations and assemblages can be used to interpret changes observed in the fossil
record. In addition, studies of changes in foraminiferal faunas in sediment cores can be used to interpret
the recent past, including environmental changes associated with anthro~pnic influences in an area.

Benthic foraminiferans are abundant and important members of coral-reef communities. Like
corals, many foraminiferal species host algal endosymbionts upon which they are dependent for growth
and calcification  e.g., Lee and Anderson, 1991!. As a result, these foraminiferans are significant
primary  Sournia, 1976! and calcium carbonate producers  McKee ef al., 1959; Hallock, 1981! in reef
systems. Because foraminiferans with algal symbionts can be sensitive to many of the same
environmental stresses that influence corals, e.g., heavy metal  Alve, 1991! and nutrient pollution
 Hirshfield et al., 1968!, thermal stress  Hallock and Larsen, 1979!, and increases in ultraviolet
radiation  Hallock et aL, 1992!, these protists may be useful surrogates for corals in studies of human
impacts on reef systems. Foraminiferans may be particularly valuable in studies of western Atlantic
and Caribbean reefs, because coral populations are severely declining  e.g., Liddell and Ohlhorst, 1992;
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Porter, 1992! and managers of reef resources are becoming increasingly reluctant to sacrifice corals for
research.

Foraminiferans, particularly larger species with algal endosymbionts, are relatively easy to
collect alive for physiological, cytological and culture experiments. The purpose of this paper is to
discuss the foraminiferal species that are readily collectible in the vicinity of the site that has been
selected by the National Oceanic and Atmospheric Administration's National Undersea Research
Center at the University of North Carolina, Wilmington  NOAA-NURC/UNCW! for deployment of
the AQUARIUS Underwater Habitat  Miller and Hulbert, 1992!. With this information, other
researchers interested in foraminiferans may be able to plan experiments using the in ~i capabilities
of the Habitat.

Site Description and Methods

The site selected for the AQUARIUS Habitat is in the vicinity of Conch Reef, which is offshore of
the southern end of Key Largo in the Florida Keys. Primary substratum types incIude coral-algal reef,
reefal sands, and reef rubble. While foraminiferans can be found on all of these bottom types, reef
rubble is the subject of this report because it provides a permanent, relatively immobile substratum for
both attached and motile foraminiferal species, which can be sampled with minimal environmental
impact. Mobile sediments have a more restricted biota, while continuous hard substratum is very
difficult to sample nondestructively.

Because the Conch Reef site ranges in depth from 15 to 30 m, sampling is carried out by divers using
SCUBA or enriched air  NITROX! containing 36% oxygen  NURC/UNCW, 1991!. Two techniques are
routinely employed to collect living foraminiferans  Hallock ef al. 1992!, depending upon depth,
available bottom time, and purpose for sampling, Either pieces of reef rubble are directly collected or
debris concentrates are obtained from the rubble. Rubble samples consist of roughly hand-sized pieces
 i.e., covering 50-100 cm' of bottom! of coral debris or algal nodules, whose upper surfaces are coated
with a stubble of filamentous algae. Each piece is carefully placed into a plastic bag to avoid
detachment and loss of living foraminifera. Debris concentrates are collected by placing pieces of reef
rubble, one at a time, inside a 4 liter plastic bag and brushing the rubble free of sediment, algae, and
meio- and microfauna; the rubble is returned to the substratum.

Samples are taken to the surface where they are further processed. For faunal surveys, samples
consisting of one or two pieces of rubble are either frozen or treated with preservative to kill the
foraminiferans quickly, and later washed in freshwater, dried on filter paper at 40-50'C, examined
microscopically and picked for foraminiferans  a.g., Hallock ct aL, 1986a!. Useful quantities of living
foraminiferans for experimental studies require debris concentrates, either collected directly or
obtained from bulk rubble samples by brushing the rubble in a bucket Nled with seawater. Rubble is
disposed of and debris is washed several times to remove as much loose orsanic matter as possible. The
remaining debris concentrate is spread thinly over the bottom of large, flat dishes  e.g., 150 x 20 mm
Petri dishes!, covered with 1-2 cm of seawater and allowed to sit overnight. Many of the
foraminiferans are negatively geotaxic, so they c!imb the walls of the Petri dish or to the top of the
layer of sediment and algal debris, where they can be readily picked. If species that attach directly to
the rubble are desired, rubble pieces must be saved.

Table 1 presents relative abundances of s!rmbiont+earing foraminiferal species commonly co!lected
live at Conch Reef. IndividuaLs of symbiont-bearing species that are living when collected are madily
distinguished by their color in fresh or dried samples  Hallock et al,, !986a!. Chlorophyte-bearing
species retain at !east some of their grass-green color, rhodophyte-bearing species are red and white
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"candy stripe", diatom-bearing species are golden brown, and dinoflagellate-bearing species are
usually a purplish brown,

Table 1. Attached and symbiont-bearing foraminiferal species collected from rubble
at Conch Reef, Florida Keys. A = 	0 individualsl50cmr rubble piece; C = 1-10/50 cmr;
P = typically find several in rubble concentrates from 5-10 pieces of rubble. Attached
species are noted by '.

S>mbiont Abundance

Heterostegina antiiiarvm O'Orbign>

Homotrema rubrum  Lamarck! None

Pianorbviina medirenaneansis'
O'Orbigny

None A

P.t ariabiiis" O'Orbigny None

h1iiiolina Archaias anguiarus  Fichtel and Moll! Chloroph> te C

Boreiis puichra  O'Orbign> ! Diatom P

Cyciorbicuiina compressa  O'Orbign>! Chloroph>te C

La~ipeneropiis pro ea  d'Orbigny! Chiorophyte A

laevipeneropii s brad>i  Cushman! Chlorophyte C

y ''".E 'I ~ II I
b' hl

'p ~ hl
1986b! followed by A. ~~u;p Q. gag~~~ and ~p flr rir~  Hallock and Peebles, in press!.
Virtually nothing is known of the biology, symbionts, and life history of the other species.

Attached species are also relatively large and abundant at Conch Reef, particularly ~Hm~~g,
~rum and g~nrftulina spp.  Table 1!.

Smaller species are taxonomically diverse; typically tests of 3' species can be found in a fully
picked sample, As is typical for reef samples  e.g., Murray, 1973!, rotaliine and milioline smaller taxa
are about equally represented, while agglutinated individuals are few. Unfortunately, because most of
these species lack symbionts and because the reliability of vital staining techniques is questioned  e.g.,
Martin and Steinker, 1973!, careful observation of live samples is required to determine hving
assemblages with full confidence, Common and easily identified taxa are listed in Table 2. Detailed
species lists and species illustrations of Florida Keys foraminiferans can be found in Bock et aL �971!.

95

Suborder Species

Rotaliina Amphistegina gibbosa O'Orbigny

Asreri gertna carinata d'Orbigny

Parasorites orbiroJiroides  Hofker!

Peneropii s pertusus   Forskal!

Sorites orbi cuius  Forska!!

Diatom A

Diatom A

Diatom P

Ch!oroph> te C

Rhodophyte C

Dinoflagellate P
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Table 2. Cosnmon smaller foraminlferal species observed in sansples from Conch
Reef, Florida Keys.

Suborder Texru!ar ina
Texruiaria agglutinans d'Orbigny
Valvvlina oui edoiana d'Orbigny

Suborder Miliolina
Arricviina mexicans Cushman
A. mvcronara  d'Orbign! !
Hauerina brad.vi Cushman
Havenna speci osa  Karrer!
hfiliolinella circulans  Bornemann!
M. flchreliana  d'Orbigny!
hiodobaculariella cassis d'Orbigny
Pyro fornasinii Chapman and Parr
Quinqueloculina agglurinans d'Orbigny
Q, bicarina a d'Orbigny
Q bicosrara d'Orbigny
Q, bosciana d'Orbigny
Q horrida Cushman
Q svbcunea a Cushman
Q, poitgona d'Orbigny
Quinq ueiocvHna spp.
Schiumbergerina aiveoli ni formi s Cushman
Trilocvlina oblonga  ! ion ague!
Triiocuiina rrigonuia  Lamarck!
Trilocvlina spp.

Suborder Rotaliina
Bolisina spp,
Bvliminella eleganrissima  d'Orbigny!
Discorbi s rosea  d'Orbigny!
Dfscorbi s spp.
Hphidium spp,
Hapmesina depressuia �'a!ker and Jacobs!
Neocorbina rerq uemi  Rzehak!
hionionoides grareloupi  O'Orblgny!
Rosalina iloridana  Cushman!
Rosaiina spp.
Treromphaivs adanucus  Cushman!

'Ihe abundance and diversity of readily collectible foraminiferans at the Conch Reef site provide
the potential for a variety of kinds of studieL We are currently monitoring symbiont loss  bleaching! in

dhh   . ! ~Ohg pW
cytological studies to document the bleaching process and its causes. We are also using specimens of
several species in biochemical taxonomic research aimed at determining the affinities among taxa
. with chlorophyte «ndosymbionts and their re4tionships to other porcelaneous taxa  Toler d at., 1991!.

Once the AQUARIA Habitat is operational, the kinds of studies that can be conducted +~ are
limited only by the imagination of the potential researchers and their ability to promote their ideas to
NURC/UNCW and other funding agencies. ~gag growth rate, sediment production rate, habitat
specNcity, competition, and disturbanc~overy rate studies are a few examples that would provide
ecologists and paleoecoloists with insight into niche ~aration in these fascinating protists.
Determirung the effects of transplantation or small~ release of fertiTizers or other chemicals on
foiaminiferal assemblages are also possibilities. The outcome of such studies will make forasninHerans
even more useful in paleoenvirolnsmtal analysis of ancient reefs, and also more useful for predicting
environmesuai impssW on benthic communities.
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