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Abstract

An in situ survey of deep reef environments (20 and 30 m) was conducted to determine the degree to which the
community structure of live reef coral assemblages was faithfully represented in the adjacent death assemblages
accumulating on the sea floor. Relative abundance of species was significantly different between life and death
assemblages, and zonation patterns (in species relative abundance, coral growth form, and diversity) present in the
life assemblages showed both similarities and differences to those found in the death assemblages. The difference
in species distribution patterns between life and death assemblages is shown by a striking growth form bias in the
death assemblage: species with massive growth forms are underrepresented in the death assemblages in both en-
vironments, whereas branching, encursting, and plate growth forms are overrepresented in the death assemblages.
Several factors may be involved in the life and death assemblage differences: greater degrees of time averaging
than in previously studied reef settings, changes in the life assemblage such that death assemblages record previous
life assemblages more faithfully than present ones, and undersampling of massive corals in death assemblages.
Comparison of species richness and the Shannon—-Wiener index of diversity between life and death assemblages
produced unexpected results. In general, death assemblages showed higher diversity than did life assemblages, more
in accordance with previous studies of shelly molluscan faunas of temperature and tropical level-bottom marine
communities than with those of shallow-water coral reef communities. Because our results differ from previous
studies of community preservation in coral reefs, we recommend that paleoecological studies of aquatic ecosystems
be accompanied by preservational assemblages from the same or similar environments. Our results point to the
subtleties involved in interpreting coral death assemblages and suggest that these assemblages may contain as much
or more information on recent changes in the living reef as they do on the future composition of the fossil reef

assemblages.

The fossil record is the sole database from which studies
of the ecological response of living aquatic communities to
environmental change over geological time scales can be
made (Allmon et al. 1996; Buzas and Culver 1994; Jackson
1992; Jackson et al. 1996; Pandolfi 1996; Pandolfi and Jack-
son 1997). It is therefore important to ascertain the degree
to which communities preserved in the fossil record repre-
sent the once living community. There are two major tran-
sitions that lead from the life assemblage to the fossil as-
semblage, and each involves a number of biological and
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physical processes that may alter the amount and kind of
ecological information eventually preserved in the fossil as-
semblage. The first is the transition between the life assem-
blage and the adjacent death assemblage in the aquatic hab-
itat. Death assemblages are the remains of dead organisms
accumulating in the same area, regardless of where the or-
ganisms spent their lives. Death assemblages may be of very
short duration, such as occurs when a living assemblage is
buried instantaneously in sediment, or may last thousands of
years, as has been recorded in some marine coastal deposits
(Flessa and Kowalewski 1994). The degree of information
loss may depend on the actual amount of time spent as a
death assemblage (Greenstein and Moffat 1996).

The second transition is from the death assemblage to the
fossil assemblage. The fossil assemblage is that sampled by
paleoecologists, usually entombed in rocks or sediments. Bi-
ological and physical processes that act to bias the final fossil
assemblage have been reviewed elsewhere (Kidwell and
Bosence 1991; Parsons and Brett 1991).

In this paper, we address the issue of how much infor-
mation is lost in the transition from the life to the death
assemblage within the zone of active degradation (“‘taphon-
omically active zone” of Davies et al. 1989) in the coral reef
ecosystem. We assume that an assemblage of dead corals
accumulating in close proximity to a living coral reef (in-
cluding the dead portions of living colonies) provides a rea-
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sonable proxy for the material that potentially becomes fos-
silized (Greenstein and Pandolfi 1997). However, it is
important to recognize that death assemblages have a long
period before they become the preserved fossil assemblages
we associate with Quaternary reef deposits. Further destruc-
tive processes will in some cases increase the potential for
fossil assemblages to distort the original ecological infor-
mation present in the life assemblages. On the other hand,
it is also true that death assemblages may better resemble
their original communities over a broader time scale than
any particular life assemblage sampled at a single time, and
that fossil assemblages have the potential to mimic their life
assemblages more than death assemblages do, especially
when the transition from life to death to fossil assemblage
happens very quickly (Greenstein and Curran 1997) or when
human factors have resulted in alteration of the previous
community structure.

We perform a systematic comparison of the species abun-
dance, taxonomic composition, and diversity in reef coral
life assemblages with those of death assemblages accumu-
lating in 20- and 30-m water depth at Conch Reef (adjacent
to Key Largo) in the Florida reef tract. We assess the mag-
nitude of preservational bias inflicted during the transition
from the living assemblage to the death assemblage, i.e. ““‘the
first step back” into the fossil record. Our results suggest:
(1) life and death assemblages differ according to their spe-
cies distribution patterns with a tendency for massive coral
growth forms to be underrepresented and other coral growth
forms to be overrepresented in the death assemblages rela-
tive to their original life assemblages; (2) death assemblages
seem to reflect communities that may have typified Conch
Reef prior to the degradation of the 1980s and 1990s; and
(3) the ecological zonation (in species relative abundance,
presence/absence, diversity, and growth form) of coral life
assemblages shows some similarities to that of the death
assemblages. Many of these results are similar to earlier
studies of shallow reef habitats from the Florida reef tract
(Greenstein and Pandolfi 1997). In contrast to previous shal-
low-water coral reef studies, however, the diversity of 20-
and 30-m-deep death assemblages was significantly greater
than that for life assemblages, indicating the possibility of
greater temporal mixing of cohorts in these deeper water reef
zones and(or) recent changes in the life assemblages within
the study area.

Materials and methods

Study sites—Our ability to rigorously sample in detail
such deep reef environments was made possible through the
use of the underwater habitat Aquarius, where we spent 9.5
d living underwater. Fieldwork was completed at two 20-m
and two 30-m sites at Conch Reef on the Florida reef tract
(24°57'00"N, 80°27'13"W; Fig. 1). We dove 4 h each day at
the 30-m sites and 3 h each day at the 20-m sites. Two sites
were sampled: between 200 and 400 m north of the habitat,
and between 200 and 300 m south of the habitat. At each
site eight 40-m transects were laid along each of the 30-m
and 20-m depth contours. In practice, transects were con-
strained to water depths varying between 29 and 32 m and
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Fig. 1. Map of study area. Index map: The Aquarius underwater

laboratory/habitat is located on Conch Reef, adjacent to the National
Undersea Research Center on Key Largo, Florida. Map detail: The
Aquarius is situated between the 15- and 20-m depth contours on
Conch Reef. Reef coral species abundances were censused from
eight transects 40 m in length, laid at each of four sites: along the
20- and 30-m contours north of the Aguarius (N20 and N30) and
along the 20- and 30-m contours south of the Aquarius (S20 and
S30). Both live and dead coral assemblages were censused. Depths
in meters; contour interval is 5 m. See fext for further discussion.

18 and 22 m, respectively. Our sample areas are thus denoted
as north 30 m (N30), north 20 m (N20), south 30 m (S30),
and south 20 m (S20).

N30. This site was located at the base of a steep slope
that starts at the 22-m isobath and ends in a sandy level
bottom at ~32 m. The steep slope between 22 and 27 m is
a hard rock substrate covered by soft and hard corals and
locally abundant Halimeda. At the base of the slope, the hard
rocky substrate breaks up into a series of spurs and grooves
mainly, but not exclusively, perpendicular to the slope. The
grooves were sandy and in places full of coral rubble. Hard
and soft corals characterize the spur and hard rock bottom.
Hard rock bottom locally replaced the spur and groove sys-
tem. The sandy bottom shallows gradually to the north; thus,
the final transect at this locality was placed in 27-29 m of
water. Transects were placed parallel to the slope along the
intermittent rocky bottom and spur and groove structures.
Eight transects were placed end to end, with ~20 m between
the end of one transect and the beginning of the next.

N20. This site was established on a locally level rocky
bottom in 17-18 m of water. The reef in this area is com-
posed of hard and soft corals arranged locally in low-relief
spur and groove topography that is generally perpendicular
to shore. Sand or rubble was locally abundant in the grooves.
Transects were constructed parallel to each other with ~20
m spacing between them. The seaward end of each transect



