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Abstract
The coral reef framework off Tahiti was drilled during Integrated
Ocean Drilling Program (IODP) Expedition 310 in order to study
environmental change (including sea level rise) following the Last
Glacial Maximum (LGM). Cores from sites located in the three
drilling areas (Tiarei to the north, Faaa to the west, and Maraa to
the southwest of the island of Tahiti) were studied in order to
characterize the microbioerosion patterns in the post-LGM degla-
cial reef framework. A total of 19 samples were examined for in-
formation on environmental conditions directly after the demise
of the shallow-water corals and during subsequent encrustation
by coralline algae and microbialites. Microbioerosion patterns im-
ply that conditions during reef growth were deeper euphotic to
dysphotic. The reasons for the largely absent shallow euphotic in-
dications lay in the proposed rapid sea level rise leaving a
drowned reef in a “cryptophotic” position of most samples, in en-
hanced turbidity condensing the photic zonation, or in a combi-
nation of these factors. The sea level rise scenario combined with
increased nutrient levels are considered the primary factors be-
cause entirely cryptophotic conditions of the sediment cores are
less probable.

Introduction
During Integrated Ocean Drilling Program (IODP) Expedition
310, drowned Pleistocene–Holocene barrier reef terraces seaward
of the modern fringing reefs of Tahiti were drilled in order to re-
cover the deglacial reef sequence. The drilling strategy aimed at
recovering cores along transects perpendicular to the strike direc-
tion of the reefs (Camoin et al., 2007). More than 600 m of core
material was recovered (Camoin et al., 2007).

Tahiti is located at 17°50′S, 149°20′W in the central Pacific Ocean
(French Polynesia, Society archipelago). A total of 19 samples
from 14 holes from the three areas (Tiarei, Maraa, and Faaa) were
studied. For the exact positions of the sites and samples studied
see Tables T1 and T2. Terrestrial input of material eroded from the
volcanic island is strongest in the Tiarei area, which is located
close to the discharge of the largest drainage system of Tahiti, the
mouth of the Papenoo River. The samples studied here are from
sites in water depths up to 117 m, whereas samples from sites lo-
cated on ridges are in water depths of 56–81 m (Table T2; Fig. F1).
 doi:10.2204/iodp.proc.310.201.2009
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Eleven samples were studied from the Tiarei area to
the north, seven samples from Maraa to the south,
and one sample from Faaa west of the island of
Tahiti (Fig. F2). This study focuses on the post-Last
Glacial Maximum (LGM) interval of the Expedition
310 cores. The typical repetitive pattern of the Tahi-
tian post-LGM reef sequence consists of corals en-
crusted by coralline algae and subsequently by
microbial crusts (Camoin et al., 2007). According to
U/Th age dates, the post-LGM interval is from
16,000 to 8,000 y before present (BP) (Camoin et al.,
2007).

Approach: bioerosion in marine 
carbonate substrates

Bioerosion describes the erosion of marine hard sub-
strates by living organisms via a number of mecha-
nisms. Bioeroders are grazing organisms like gastro-
pods, chitons, echinoids, and so on; sponges,
bryozoans, worms, and so on (macroborers, trace di-
ameter >100 µm); and bacteria, algae, and fungi
(microborers, trace diameter <100 µm) (e.g., Golubic
et al., 1975; Warme, 1975). Mechanisms of bioero-
sion include biotic boring, rasping, and scraping.
The traces left by those bioerosive activities are clas-
sified as ichnotaxa and are highly sensitive paleoen-
vironmental indicators (Bromley, 2004; Glaub and
Vogel, 2004). Microbioeroders are considered reliable
paleoenvironmental indicators (temperature, light
availability, and trophic conditions) because they are
evolutionary conservative organisms (Vogel and
Glaub, 2004).

For standardized interpretation of photic conditions,
typical communities of microbioerosion traces have
been defined (index ichnocoenoses) (Glaub, 1994,
1999; Vogel et al., 1995, 1999; Glaub et al., 2002; Vo-
gel and Marincovich, 2004). Borings of the different
photic zones show typical preferred orientations. In
the shallower euphotic zones the penetration activi-
ties tend to be vertically oriented (e.g., Fascichnus isp.
produced by the cyanobacterium Hyella spp.),
whereas the traces found in deeper euphotic and
dysphotic zones tend to be horizontally oriented
(e.g., Ichnoreticulina elegans produced by the chloro-
phyte Ostreobium quekettii).

Three photic zones have been defined: the euphotic
zone (>1% surface illumination), dysphotic zone
(0.01%–1% surface illumination), and aphotic zone
(<0.01% surface illumination) (Liebau, 1984; Glaub,
1994). The euphotic zone is divided into shallow eu-
photic Zones I, II, and III and the deep euphotic
zone (Liebau, 1984; Glaub, 1994). Index ichno-
coenoses describe most of the different photic zones.
No index ichnocoenosis has been defined yet for
shallow euphotic Zone I, but it is well known that
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this zone is typically dominated by cyanobacteria
with sheath pigmentation. The Fascichnus acinosus/
Fascichnus dactylus ichnocoenosis is the typical verti-
cally orientated trace community of shallow eu-
photic Zone II and is produced by cyanobacteria.
The change from vertical to horizontal orientation of
the borings starts with the index ichnocoenosis of
shallow euphotic Zone III: F. dactylus/“Palaeocon-
chocelis starmachii.” In shallow euphotic Zone III, mi-
crobioerosion is still dominated by traces of cy-
anobacteria but the traces now are horizontally
orientated. Additionally, borings of eukaryotes are
frequently encountered. The index ichnocoenoses of
the deep euphotic zone is “P. starmachii”/I. elegans.
Entirely, that zone shows the maximal trace diversity
and is dominated by horizontally oriented bioero-
sion patterns of eukaryotes, mainly produced by rho-
dophytes and chlorophytes. The abundance of het-
erotrophs increases. The dysphotic zone is controlled
by heterotrophs and the traces I. elegans (chloro-
phytes) and/or Scolecia filosa (cyanobacterium),
whose producers can cope with very low illumina-
tion rates. The index ichnocoenosis of the dysphotic
zone is not yet defined. Under aphotic conditions,
bioerosion is limited to heterotrophic organisms.
The index ichnocoenosis is composed of Saccomor-
pha clava/Orthogonum lineare (Glaub, 1994, 1999; Vo-
gel and Marincovich, 2004; Wisshak, 2006).

Methods and materials
A total of 19 samples were selected for the study of
microbioerosion in order to allow for the detection
of trends along the deglacial succession from the
LGM to the final drowning of the drilled coral reefs
(16,000–8,000 y BP) (Camoin et al., 2007). Seven
samples were taken close to the base of the deglacial
(post-LGM) reef succession from Faaa, Maraa, and
Tiarei; eight samples represent the middle part of the
post-LGM reef from Maraa and Tiarei, and four sam-
ples represent the upper deglacial succession from
Maraa and Tiarei (Table T2).

For taxonomic description of the bioerosion traces,
the samples were impregnated with epoxy resin and
subsequently dissolved, producing so-called casts of
the bioerosion patterns inside the carbonate. For a
detailed description of the vacuum-embedding tech-
nique after Golubic et al. (1970, 1983), see Beuck and
Freiwald (2005) and Wisshak (2006). Determination
of the bioerosion traces down to ichnospecies level
was attempted where possible.

Two different methods of cast preparation were used.
For the first method, selected samples were cut verti-
cal to growth direction to cover the complete growth
succession from corals to coralline algal crusts to
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microbialite crusts. Organic matter was eliminated
with hydrogen peroxide followed by carbonate
cleaning in the ultrasonic bath. After impregnating
and curing the resin, the impregnated samples were
etched shortly in hydrochloric acid (5%) in order to
remove only the uppermost ~100 µm of the carbon-
ate substrate (coral, coralline algae, and micro-
bialite). These casts were analyzed with respect to the
vertical extension of microborings in the substrate,
potential changes in the composition of the micro-
bioeroder communities with progressive penetra-
tion depths, and substrate dependence of the micro-
borer communities. For the second cast preparation
method, other samples were taken from upper, not
further encrusted surfaces of the substrate (coral and
microbialite). The impregnated sample was com-
pletely dissolved in order to study superficial micro-
bioerosion patterns and the horizontal extension of
microbioerosion patterns. The casts of all samples
were sputter-coated with gold for scanning electron
microscopy (SEM) analysis. SEM images (Figs. F3, F4,
F5, F6, F7, F8, F9, F10, F11, F12, F13, F14, F15)
show resin casts of boreholes—“negatives” of the ac-
tual traces, which are boreholes inside the carbonate.

Results
In the following, a detailed inventory of the ichno-
taxa is given. Traces which require further investiga-
tion are left in open nomenclature (e.g., “Dendrinid-
form”).

Spectrum of macrobioerosion
Three ichnotaxa of macrobioeroders are present in
corals, encrusting coralline algae, and in microbi-
alites in the entire post-LGM reef. The sponge bor-
ings of the ichnogenus Entobia Bronn, 1837 (Fig. F3),
are common to abundant in all samples. The pro-
ducer of Entobia is the boring sponge Cliona and
other Hadromerida. Additionally, domiciles of poly-
chaetes have been identified. Caulostrepsis isp. is pro-
duced by the spionid worm Polydora, and the ichno-
species Maeandropolydora isp. is produced by the
same or other polychaete worms.

Spectrum of microbioerosion
In typical Tahitian reef substrates of Expedition 310
(corals, encrusting coralline algae, and microbial
crusts), a total of nine different traces of microborers
were identified. Two main groups can be distin-
guished: traces of phototrophic euendoliths (cy-
anobacteria and chlorophytes) and traces of het-
erotrophic euendoliths (bacteria and fungi). The
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microbioerosion patterns produced by phototrophic
organisms are dominated by cyanobacteria. These
include Fascichnus dactylus (trace maker, e.g., Hyella
caespitosa), Eurygonum nodosum (trace maker Mastigo-
coleus testarum), and Scolecia filosa (trace maker Plec-
tonema terebrans). Additionally, ichnotaxa of chloro-
phytes were identified, including Rhopalia catenata
(trace maker Phaeophila sp.) and Ichnoreticulina ele-
gans (trace maker Ostreobium quekettii). The micro-
borings produced by fungi are Saccomorpha clava and
Saccomorpha cf. clava (both trace maker Dodgella
priscus) and Orthogonum fusiferum (trace maker Ostra-
coblabe implexa). Ichnotaxa produced by unknown
heterotrophic organisms identified during this study
are Scolecia serrata, Scolecia cf. serrata, and Orthogo-
num lineare. Previously unknown traces produced by
unknown organisms are the Dendrinid-form and the
“worm-form.”

Three samples were from aphotic habitats or more
accurately referred to as “cryptophotic” habitats
(cryptic and/or shaded habitats characterized by low
light conditions within the otherwise euphotic reef;
e.g., dead underside of corals, shaded crevices, etc.)
(Heindel et al., in press), as is reflected by the identi-
fied heterotrophic microendoliths: Sample 310-
M0025A-9R-1, 22–29 cm, is from a downward sur-
face of a coral, and Samples 310-M0025B-10R-1, 62–
69 cm, and 310-M0007B-11R-1, 54–60 cm, are from
small cavities in coral framework encrusted by mi-
crobialite.

Traces of phototrophic euendoliths
Traces produced by cyanobacteria

Ichnotaxon Fascichnus dactylus (Radtke, 1991)
Fig. F4

Description: The trace was found in radiating bundles
or larger carpets of up to 100 µm long galleries 2–4 µm in
diameter. The relief of the galleries is smooth to slightly
rough. Their distal ends are slightly thickened. Bifurcations
were only rarely observed.

Distribution: In coral skeletons from the base of the de-
glacial succession: Faaa Sample 310-M0019A-9R-1, 65–70
cm, and Maraa Samples 310-M0007B-26R-1, 77–92 cm,
and 310-M0016A-35R-1, 23–27 cm.

Remarks: F. dactylus was exclusively found inside coral
skeletons close to the substrate surface (upper tens of mi-
crometers) and below the encrusting coralline algal crusts.
Several extant trace makers are known for F. dactylus, the
most abundant of which is Hyella caespitosa. The former
name Fasciculus (nomen nudum) was replaced only re-
cently by the new ichnogenus name Fascichnus by Radtke
and Golubic (2005).
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Ichnotaxon Eurygonum nodosum Schmidt, 1992
Fig. F5

Description: The gallery diameter of this ichnospecies
varies from 6 to 10 µm and the traces are characterized by
lateral swellings developed along the individual galleries in
irregular intervals (heterocysts). These swellings are globu-
lar (7–15 µm in diameter). The repetitive bifurcations alter-
nate from unilateral to bilateral mode with angles between
45° and 90°.

Distribution: In coral skeletons from the base of the de-
glacial succession: Faaa Sample 310-M0019A-9R-1, 65–70
cm; Maraa Sample 310-M0016A-35R-1, 23–27 cm; and Tia-
rei Samples 310-M0024A-11R-2, 73–89 cm, and 310-
M0009D-9R-1, 108–114 cm.

Remarks: These microborings were exclusively ob-
served inside corals up to 5 mm below the surface. The
producer of E. nodosum is M. testarum.

Ichnotaxon Scolecia filosa Radtke, 1991
Fig. F6

Description: S. filosa is characterized by “spaghetti-like”
curved, thin (almost constantly 2 µm in diameter), and
long individual galleries forming large networks that are
commonly found collapsed to the cast surface. They only
rarely bifurcate.

Distribution: In corals, coralline algae, and micro-
bialites from the base of the deglacial succession: Faaa
Sample 310-M0019A-9R-1, 65–70 cm; Maraa Sample 310-
M0007B-26R-1, 77–92 cm, and Tiarei Samples 310-
M0024A-11R-2, 73–89 cm, and 310-M0009D-9R-1, 108–
114 cm. In corals, coralline algae, and microbialites from
the middle ranges of the deglacial succession: Maraa Sam-
ple 310-M0018A-1R-1, 41–47 cm, and Tiarei Samples 310-
M0024A-1R-1, 3–6 cm, 310-M0021B-2R-1, 96–103 cm,
310-M0009B-1R-1, 33–46 cm, and 310-M0009E-3R-1, 99–
110 cm. In corals, coralline algae, and microbialites from
the top of the deglacial succession: Tiarei Samples 310-
M0023A-2R-1, 40–47 cm, and 8R-1, 5–41 cm.

Remarks: S. filosa was identified in all three reef frame-
work elements but is mostly present inside coral skeletons
and less in coralline algae. The boring organism producing
this trace is the cyanobacteria P. terebrans.

Traces produced by chlorophytes

Ichnotaxon Rhopalia catenata Radtke, 1991
Fig. F7

Description: The type of R. catenata in the present sub-
strates is characterized by 5–7 µm thick galleries. Different
pronounced swellings (5–20 µm in diameter) occur in ir-
regular intervals along the galleries and are connected to
the substrate surface by short rhizoidal appendixes (2 µm).
The swellings appear from oval (egg-shaped) to nodular/
spheroidal, whereas the latter morphology is mostly more
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pronounced than the oval form. The bifurcations of R. cat-
enata are dichotomous (angles between 45° and 60°).

Distribution: In coral skeletons from the base of the de-
glacial succession: Maraa Sample 310-M0007B-26R-1, 77–
92 cm, and Tiarei Sample 310-M0009D-9R-1, 108–114 cm.

Remarks: R. catenata is produced by Phaeophila sp. and
occurs in the investigated Tahitian reef samples exclusively
in corals at a maximum depth similar to E. nodosum (as
deep as 5 mm).

Ichnotaxon Ichnoreticulina elegans (Radtke, 1991)
Fig. F8

Description: The morphology of I. elegans is highly
complex (Radtke and Golubic, 2005). The typical zigzag
pattern is the most obvious feature of I. elegans. From a
parallel and close to the substrate surface extending
straight or winding main first-order gallery (4–5 µm in di-
ameter), second- and third-order galleries develop mainly
at right angles and form large and dense zigzag-shaped
networks (2–5 µm). Thin and straight “exploratory” fila-
ments (1–2 µm) extend from the same colony. In some
cases little appendixes (≤1 µm) emerge from individual
first-order galleries (e.g., in Maraa Sample 310-M0007B-
26R-1, 77–92 cm, and Tiarei Sample 310-M0023A-2R-1,
40–47 cm). Some thick galleries (as thick as 5 µm) show
archlike branches which connect I. elegans with the sub-
strate surface (cf., Radtke and Golubic, 2005). The individ-
ual arches span a distance of 10–20 µm.

Distribution: In corals, coralline algae, and micro-
bialites from the base of the deglacial succession: Maraa
Samples 310-M0007B-26R-1, 77–92 cm, and 310-M0016A-
35R-1, 23–27 cm; and Tiarei Samples 310-M0024A-11R-2,
73–89 cm, and 310-M0009D-9R-1, 108–114 cm. In corals,
coralline algae, and microbialites from the middle ranges
of the deglacial succession: Maraa Samples 310-M0015A-
9R-1, 6–10 cm, 310-M0018A-1R-1, 41–47 cm, and 6R-1, 6–
10 cm; and Tiarei Samples 310-M0024A-1R-1, 3–6 cm, 310-
M0021B-2R-1, 96–103 cm, 310-M0009B-1R-1, 33–46 cm,
and 310-M0009E-3R-1, 99–110 cm. In corals, coralline al-
gae, and microbialites from the top of the deglacial succes-
sion: Maraa Sample 310-M0017A-5R-1, 28–32 cm, and
Tiarei Samples 310-M0023A-2R-1, 40–47 cm, 3R-1, 10–12
cm, and 8R-1, 5–41 cm.

Remarks: I. elegans is produced by O. quekettii. The for-
mer ichnogenus name Reticulina (nomen nudum) was sub-
stituted by Ichnoreticulina only recently by Radtke and
Golubic (2005).

Traces of heterotrophic euendoliths
Traces produced by fungi

Ichnotaxon Saccomorpha clava Radtke, 1991
Fig. F9A–F9D

Description: Sphere-, pear- and club-shaped sacks (up
to 30 µm long) connected to the surface by a narrow neck,
usually lacking a collar, were identified as S. clava. The in-
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dividual sacks are interlinked by one or several thin fila-
ments originating from the main sack or at the base of the
necks. Four morphotypes exist in the analyzed reef sub-
strates: (1) scattered straight or (2) curved sacks (both 10–
15 µm in diameter), (3) clusters of mainly sphere- and
club-shaped sacks (10–15 µm in diameter), and (4) large in-
dividual branched sacks (20–30 µm in diameter).

Distribution: In corals and microbialites from the base
of the deglacial succession: Tiarei Samples 310-M0025A-
9R-1, 22–29 cm, and 310-M0025B-10R-1, 62–69 cm. In cor-
als and microbialites from the middle ranges of the degla-
cial succession: Maraa Samples 310-M0015A-9R-1, 6–10
cm, and 310-M0018A-6R-1, 6–10 cm; and Tiarei Samples
310-M0009B-1R-1, 33–46 cm, and 310-M0009E-3R-1, 99–
110 cm. In corals and microbialites from the top of the de-
glacial succession: Maraa Samples 310-M0007B-11R-1, 54–
60 cm, 310-M0017A-5R-1, 28–32 cm; and Tiarei Samples
310-M0023A-2R-1, 40–47 cm, 3R-1, 10–12 cm, and 8R-1,
5–41 cm.

Remarks: S. clava was found independent of photic
conditions in all photic zones in the entire deglacial reef
sequence. The presumed trace maker of this ichnospecies is
D. priscus, whereas in the present case this may not apply
to all morphological variants.

Ichnotaxon Saccomorpha cf. clava
Fig. F9E, F9F

Description: Generally, the morphology is comparable
to Morphotypes 2 and 3 of S. clava (see above), but S. cf.
clava is longer and slightly thicker (30–60 µm long and 10–
20 µm in diameter). Figure F9E shows one specimen with
several noticeably long and thin filaments originating
mainly from the base of the neck.

Distribution: In corals from the base of the deglacial
succession: Tiarei Sample 310-M0009D-9R-1, 108–114 cm.
In microbial crusts from the middle ranges of the deglacial
succession: Maraa Sample 310-M0018A-1R-1, 41–47 cm. In
coral skeletons from the top of the deglacial succession:
Tiarei Sample 310-M0023A-8R-1, 5–41 cm.

Remarks: Same as for S. clava, D. priscus, may be the
producer of this morphological variant.

Ichnotaxon Orthogonum fusiferum Radtke, 1991
Fig. F10

Description: Thin straight to slightly winding galleries
(~2 µm in diameter) with typical swellings (3–5 µm in di-
ameter) along the galleries or at the mostly perpendicular
bifurcations.

Distribution: In corals from the middle ranges of the
deglacial succession: Tiarei Sample 310-M0009B-1R-1, 33–
46 cm. In corals from the top of the deglacial succession:
Tiarei Sample 310-M0023A-8R-1, 5–41 cm.

Remarks: The trace is produced by Ostracoblabe implexa
and was exclusively found in corals of the upper deglacial
succession with prevailing dysphotic conditions.
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Traces produced by unknown heterotrophs

Ichnotaxon Scolecia serrata Radtke, 1991
Fig. F11

Description: This trace is the thinnest of all the ob-
served ichnotaxa (~1 µm in diameter) and shows a charac-
teristic serrate microsculpture. S. serrata forms dense often
interconnected networks in very narrow windings parallel
to the substrate surface.

Distribution: In corals, coralline algae, and micro-
bialites from the base of the deglacial succession: Maraa
Sample 310-M0007B-26R-1, 77–92 cm, and Tiarei Samples
310-M0025B-10R-1, 62–69 cm, and 310-M0024A-11R-2,
73–89 cm. In corals, coralline algae, and microbialites from
the middle ranges of the deglacial succession: Maraa Sam-
ples 310-M0015A-9R-1, 6–10 cm, 310-M0018A-1R-1, 41–47
cm, and 6R-1, 6–10 cm; and Tiarei Samples 310-M0024A-
1R-1, 3–6 cm, 310-M0021B-2R-1, 96–103 cm, and 310-
M0009E-3R-1, 99–110 cm. In corals, coralline algae, and
microbialites from the top of the deglacial succession:
Maraa Sample 310-M0017A-5R-1, 28–32 cm, and Tiarei
Samples 310-M0023A-2R-1, 40–47 cm, 3R-1, 10–12 cm,
and 8R-1, 5–41 cm.

Remarks: As in recent settings, S. serrata is frequently
associated with I. elegans, where its galleries run at the sur-
face and in between the thicker tubes of I. elegans (Fig.
F11E). The producer is an unknown heterotrophic organ-
ism probably belonging to filamentous bacteria (Budd and
Perkins, 1980).

Ichnotaxon Scolecia cf. serrata
Fig. F12 

Description: This unusual appearance of S. serrata
shows the typical serrate microsculpture with rare bifurca-
tions, but the galleries of S. cf. serrata are slightly thicker
(~2 µm in diameter) and they often form spherical aggre-
gates resembling “bags of wool.” In the latter, narrow
windings of galleries seem to twine around spherelike
traces such as Saccomorpha sphaerula, the emerging hyphae
of which are clearly visible. Nevertheless, the association
of spherical buildings of larger diameter filaments with ra-
diating very thin filaments is unique and quite distinct
from the usual prostrate and space-filling habit of S. ser-
rata. Therefore, this trace might refer to a new ichnotaxon.
However, this type of trace (association of two traces?) was
only found in one current sample. There is no “fossil affir-
mation” (older than the last deglacial). Future studies are
required to introduce a new ichnotaxon.

Distribution: Exclusively in the coral part of Maraa
Sample 310-M0017A-5R-1, 28–32 cm, from the top of the
deglacial succession.

Remarks: Since this trace is regarded as a (previously
unknown) morphological variant of S. serrata, the same
unknown (bacterial?) heterotrophic producer can be as-
sumed. 
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Ichnotaxon Orthogonum lineare Glaub, 1994
Fig. F13 

Description: O. lineare has a perpendicular bifurcation
pattern with 8–10 µm thick galleries without swellings. Ca-
sually, short spiny protrusions (apophysis; Fig. F13C,
F13D) protrude from the main galleries.

Distribution: In corals, coralline algae, and micro-
bialites from the base of the deglacial succession: Tiarei
Samples 310-M0025A-9R-1, 22–29 cm, and 310-M0025B-
10R-1, 62–69 cm. In corals, coralline algae, and micro-
bialites from the middle ranges of the deglacial succession:
Maraa Sample 310-M0015A-9R-1, 6–10 cm, and Tiarei
Samples 310-M0009B-1R-1, 33–46 cm, and 310-M0009E-
3R-1, 99–110 cm. In corals, coralline algae, and micro-
bialites from the top of the deglacial succession: Maraa
Sample 310-M0017A-5R-1, 28–32 cm, and Tiarei Sample
310-M0023A-2R-1, 40–47 cm.

Remarks: In contrast to most recent occurrences of this
trace, the present traces are abundantly not smooth but
rather verrucose (tiny knots arranged closely along the gal-
leries). The uncommon zigzaglike course of individual gal-
leries of O. lineare is probably caused by the parallel run to
Entobia boring cells and/or coralline algae cells (Fig. F13A,
F13B). The producer of O. lineare is an unknown het-
erotrophic organism.

Traces of unknown affinity

Ichnotaxon Dendrinid-form
Fig. F14 

Description: A central gallery bifurcates in a dendrini-
form pattern often at right angles and forms a dense net-
work parallel to the substrate surface. The microborings
have developed a zigzag pattern otherwise typical for I. ele-
gans but are much larger in diameter (10–15 µm). The sur-
face of the individual galleries appears rough.

Distribution: Identified exclusively in Entobia cavities
of the coral part in Tiarei Sample 310-M0023A-2R-1, 40–47
cm, from the top of the deglacial succession.

Remarks: This trace shows some affinity to dendrinid
ichnospecies subsumed under the ichnofamily Dendrini-
dae (Bromley et al., 2007). The producer is unknown.

Ichnotaxon worm-form
Fig. F15 

Description: This previously unknown microboring
shows a complex morphology with widening galleries,
from which a lateral prolongation of the main gallery
emerges close to their rounded ends, and the pattern is re-
peated in reduced dimension. The basal galleries reach di-
ameters of up to 40 µm, whereas the more distal galleries
are only few micrometers in diameter.

Distribution: In microbialite from the base of the
deglacial succession: Tiarei Sample 310-M0025B-10R-1, 62–
69 cm. In microbial crust from the middle ranges of the
deglacial succession: Maraa Sample 310-M0015A-9R-1, 6–
10 cm.
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Remarks: The producer is unknown and it is not en-
tirely conclusive whether these casts actually represent a
previously unknown microboring or rather a cast of a cal-
careous epizoan, such as a polychaete worm, or a linear
bryozoan colony. 

Relative abundances and 
paleobathymetric significance

The mean abundances of all traces in the coral skele-
tons are higher than those in microbialites and coral-
line algal crusts. On average, S. filosa, I. elegans, and
S. clava are common, whereas F. dactylus, E. nodosum,
R. catenata, S. cf. clava, O. fusiferum, S. serrata, S. cf.
serrata, O. lineare, and Dendrinid-form are rare. In cor-
alline algal crusts, S. filosa, I. elegans, S. serrata, and O.
lineare are rarely encountered, whereas all other
traces are absent. In microbialites, S. filosa, I. elegans,
S. clava, S. cf. clava, S. serrata, O. lineare, and worm-
form are found in low mean abundance, whereas F.
dactylus, E. nodosum, R. catenata, O. fusiferum, S. cf.
serrata, and Dendrinid-form are absent.

In total, I. elegans is the most frequent ichnotaxon
with a presence in 79% of the analyzed samples, fol-
lowed by S. serrata (68%), S. filosa and S. clava (58%
each), O. lineare (42%), E. nodosum (21%), and F. dac-
tylus and S. cf. clava (16% each). R. catenata, O.
fusiferum, and worm-form show presences in 11%
each. The least frequent traces are S. cf. serrata and
Dendrinid-form (5% each).

Microbioerosion at the base of deglacial 
succession
Microbioerosion patterns in corals at the base of the
deglacial succession are dominated by light-depen-
dent cyanobacterial traces. F. dactylus, E. nodosum,
and S. filosa are common at Faaa, whereas the sole
heterotrophic trace O. lineare is rare. In the Maraa
area, the cyanobacterial traces occur in varying
abundances: F. dactylus from rare to common and E.
nodosum and S. filosa from common to abundant.
The chlorophytal traces R. catenata and I. elegans are
abundant. At Maraa, the only heterotrophic trace
observed in corals is S. serrata with common abun-
dance. In the Tiarei area, E. nodosum and S. filosa are
common, whereas the sole chlorophytal trace I. ele-
gans is rare. The fungal S. clava is common, whereas
S. cf. clava and the traces of unknown heterotrophic
producers S. serrata and O. lineare are rare (Table T3).

The trace associations in coralline algal crusts at the
Maraa sites are dominated by common I. elegans and
S. serrata, whereas S. filosa is very rare. At Tiarei sites,
S. filosa, I. elegans, S. serrata, and O. lineare are all rare.
At Faaa, only the bioerosion patterns that were
found inside coral skeletons could be identified with
confidence (Table T3).
6
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The trace associations in microbialites at the base of
the deglacial succession at Maraa sites are dominated
by the common ichnotaxon I. elegans, whereas S.
filosa and S. serrata are rare. At Tiarei, the micro-
bioerosion inventory is dominated by the common
fungal trace S. clava, whereas S. filosa, I. elegans, S. ser-
rata, O. lineare, and worm-form are rare (Table T3).

The key ichnotaxon of shallow euphotic Zones II
and III, F. dactylus, was found exclusively in the sam-
ple from Faaa and in two samples from Maraa. The
horizontally oriented traces E. nodosum and R. cate-
nata are known to be common in shallow euphotic
Zone III and the deeper euphotic zone (Vogel and
Marincovich, 2004) and are considered indicative of
these zones. In analyzed samples, F. dactylus, E. nodo-
sum, and R. catenata are the ichnotaxa with the shal-
lowest photic indication and were found exclusively
inside coral skeletons and at the base of the deglacial
reef succession. Traces produced by microborers that
cope with very low illumination rates (dysphotic
conditions), S. filosa and I. elegans, were found in all
three substrates alongside traces of heterotrophic
bioerosion agents such as S. serrata and O. lineare
(cryptophotic conditions). The fungal trace S. clava
was not identified in coralline algae, whereas the
other fungal trace O. fusiferum was not found at all at
the base of the succession.

In summary, at the base of the deglacial succession
differential microbioerosion patterns were observed
in the various substrates with microbioerosion in
corals indicating shallow euphotic Zone II to deep
euphotic conditions, whereas microbioeroders in
coralline algae and microbialites imply dysphotic
conditions (except from microhabitats with prevail-
ing cryptophotic conditions) (Table T3).

Along the deglacial succession, the changing bioero-
sion patterns are outlined in the following. In con-
trast to the base of the succession, the main photic
indication of the trace patterns found in all three
substrates (corals, coralline algae, and microbialites)
from the middle to the top ranges of the post-LGM is
dysphotic. Traces of microbioeroders typical for eu-
photic conditions are completely absent in the
younger part of the succession (Table T4, T5; Fig.
F16). 

Microbioerosion in the middle ranges
of deglacial succession
Microbioerosion patterns in corals in the middle
ranges of the deglacial succession are composed of
traces produced by low-light specialists and by traces
of microbioeroders penetrating in the dark. On aver-
age, all identified ichnotaxa are common at Maraa: S.
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filosa, I. elegans, S. clava, S. serrata, and O. lineare. At
Tiarei sites, the most frequent traces are I. elegans
(abundant), S. filosa (common), and S. clava (com-
mon), whereas S. serrata and O. lineare are rare to
common and O. fusiferum is rare (Table T4).

In coralline algal crusts, the trace associations at
Maraa and Tiarei sites are composed of S. filosa, I. ele-
gans, S. serrata, and O. lineare. All observed traces are
rare (Table T4).

The trace associations in microbial crusts at Maraa
and Tiarei consist of S. filosa, I. elegans, S. clava, S. cf.
clava, S. serrata, O. lineare, and worm-form. At Maraa,
I. elegans, S. serrata, and O. lineare show common
abundances, whereas all other ichnotaxa are rare. At
Tiarei, I. elegans and S. clava are also represented
commonly in microbialites, whereas other ichnotaxa
are rare (Table T4).

Microbioerosion at the top of deglacial 
succession
The top of the deglacial succession is mainly charac-
terized by microborings with dysphotic indication
(cf. the middle ranges; Table T5, Fig. F16). In the
youngest part of the deglacial reef sequence, the
mean diversity of traces is strongly reduced when
compared to the base and slightly reduced when
compared to the middle ranges.

The trace associations in corals are dominated at
Maraa by the abundant I. elegans and S. serrata,
whereas O. lineare and S. cf. serrata are common and
S. clava is rare. At Tiarei, I. elegans and S. clava are
abundant, whereas S. filosa is common and O.
fusiferum, S. serrata, and Dendrinid-form are rare (Ta-
ble T5).

Coralline algal crusts at Maraa show no signs of
microbioerosion. At Tiarei sites, all identified ichno-
taxa (S. filosa, I. elegans, S. serrata, and O. lineare) are
rare (Table T5).

In microbial crusts at the top of the succession of
Maraa, I. elegans is common, whereas S. serrata, S.
clava, and O. lineare are rare. Microbialites at Tiarei
from the top of the succession are composed of com-
mon I. elegans and S. clava as well as rare S. filosa, S.
serrata, and O. lineare (Table T5).

The traces S. filosa and I. elegans produced by low-
light specialists (cyanobacterium P. terebrans, chloro-
phyte O. quekettii) are known to thrive down to the
dysphotic zone (Vogel and Marincovich, 2004). Both
ichnotaxa were found along with traces of het-
erotrophic origin (see below) throughout the entire
Tahitian deglacial reef sequence and in all three
framework elements. This indicates dysphotic condi-
tions for the deposition of the middle and upper part
7
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of the deglacial reef sequence (Table T4, T5). The
producer of S. serrata is a heterotrophic organism
and was observed in all substrates, apparently inde-
pendent of photic conditions. O. lineare was also
identified in the entire Tahitian reef succession and
occurs mainly inside Entobia cavities (Fig. F13). S.
clava and O. fusiferum produced by fungi are present
in coral and microbialite samples independent of
sampling positions. However, the abundances of all
heterotrophic traces are most pronounced in crypto-
photic microhabitats: dead underside of corals, deep
inside the coral porosity, and in Entobia cavities
(Sample 310-M0007B-11R-1, 54–60 cm, from the up-
per part of the reef and Samples 310-M0025A-9R-1,
22–29 cm, and 310-M0025B-10R-1, 62–69 cm, from
the base of the deglacial reef; Fig. F16).

Summary
The present results and specifically the lack of shal-
low euphotic indications in the bioerosion ichno-
coenoses through the middle and upper deglacial
reef succession can be attributed to three possible
causes or their combination:

1. The microbioerosion patterns are in good agree-
ment with the notion of a rapid deglacial sea
level rise when considering that only the ichno-
coenoses developed in corals at the base of the
succession indicate shallow euphotic Zone II to
deep euphotic conditions present during rela-
tive sea level lowstand. The deepening-up effect
is demonstrated by the ichnocoenoses found in
corals, coralline algae, and microbial crusts from
the middle and top ranges of the deglacial suc-
cession, which reflect dysphotic conditions due
to reef growth progressively lagging behind sea
level rise (Fig. F16). Furthermore, encrustation
of the coral framework by microbialites soon af-
ter the demise of the corals is indicated by the
similar photic conditions in corals and micro-
bialites as indicated by ichnocoenoses.

2. Most of the recorded ichnocoenoses were not es-
tablished in deeper waters but partly in cryptic
and shaded areas of the otherwise photic reef
(dead underside of corals, small cavities, shaded
crevices, etc.) and thus are better labeled crypto-
photic. This particularly applies to the cases of
algal crusts and microbialites that—at least at
the base of the reef succession—show ichno-
taxa, indicating a lower illumination state if
compared to encrusted coral skeletons. How-
ever, the implications on the timing of micro-
bialite versus coral growth is not entirely con-
clusive because the contemporaneous
development in the cryptic scenario can not be
Proc. IODP | Volume 310
distinguished from the delayed microbialite
growth after sea level rise, based solely on the
ichnocoenosis composition.

3. Another potential factor capable of causing low
illumination states in relatively shallow water is
a decrease in water transparency due to an in-
crease in nutrient level and sediment input by
local river runoff. This model would explain the
co-occurrence of mesotrophic/eutrophic micro-
bialites on the one hand and zooxanthellate
corals (weakened by rapid sea level rise?) on the
other.

The relative importance of these possible causes will
be evaluated when integrating other data such as re-
liable radiocarbon dating and sedimentological prox-
ies in further studies (cf., Heindel et al., in press).
Nevertheless, the sea level rise scenario combined
with elevated nutrient levels are tentatively consid-
ered the primary factors because entirely crypto-
photic conditions of the sediment cores are less
probable.
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K. Heindel et al. Data report: bioerosion in the reef framework
Figure F2. Tahiti map including Tiarei, Faaa, and Maraa areas (slightly modified after Camoin et al., 2003, and
Heindel et al., in press). 
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Figure F3. Entobia isp. (SEM images of resin casts, “negatives” of boreholes inside the carbonate) produced by
clionaid sponges. Fine filamentous casts/traces likely represent borings of the endolithic green alga Ostreobium.
A. Large Entobia chambers show a verrucose surface sculpture, imprints of carbonate-carving cells. B. Explor-
atory extensions emanating from large Entobia chamber. C. Exploratory Entobia tunnel. D. Detail of exploratory
extension. E. Detail of scars left by carbonate-carving sponge cells. Note concentric surface feature marking the
progression of cell margins carving carbonate chips. F. Tip of Entobia exploratory tunnel protruding from coral
skeleton. 
Proc. IODP | Volume 310 12



K. Heindel et al. Data report: bioerosion in the reef framework
Figure F4. A, B. Fascichnus dactylus (SEM images of resin casts of boreholes) colonies produced by the cyano-
bacterium Hyella caespitosa and related species. Typical thick and short galleries of F. dactylus with indicated cell
walls. F. dactylus is recorded solely in coral skeletons from Tahiti deglacial coral reefs (SEM).
Proc. IODP | Volume 310 13
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Figure F5. A–D. Eurygonum nodosum (SEM images of resin casts of boreholes), a trace produced by the cyano-
bacterium Mastigocoleus testarum. The frequently bifurcated trace produces filamentous casts of variable diam-
eter and develops characteristic lateral swellings, which harbor heterocysts (arrows), the nitrogen-fixing cells.
B. Short lateral branch probably containing heterocysts (arrow). C, D. Variations in E. nodosum borings. E. no-
dosum is exclusively recorded in coral skeletons from Tahiti deglacial coral reefs.
Proc. IODP | Volume 310 14
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Figure F6. Scolecia filosa (SEM images of resin casts of boreholes) produced by the cyanobacterium Plectonema
terebrans. S. filosa forms dense meshworks of “spaghetti-like” curved, thin, and long galleries which rarely bi-
furcate. The trace is recorded in (A, B) coral skeletons and (C, D) microbial crusts of the deglacial sequence of
Tahitian coral reefs. 
Proc. IODP | Volume 310 15
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Figure F7. Rhopalia catenata (SEM images of resin casts of boreholes) produced by the chlorophyte Phaeophila
dendroides. The trace shows (A, B, C) typical swellings. D. Typical appendixes connect the trace with the coral
skeleton surface. R. catenata is exclusively reported from coral skeletons.
Proc. IODP | Volume 310 16
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Figure F8. Ichnoreticulina elegans (SEM images of resin casts of boreholes) produced by the chlorophyte
Ostreobium quekettii. Main characteristic of I. elegans is the dense zigzag pattern meshwork. A, B. The common
diameter of zigzag-shaped galleries is ~2 µm. C, D. I. elegans also develops thick galleries up to 5 µm in diameter.
E. Unusual little appendixes (≤ 1 µm) emerge from individual thick galleries (3–4 µm, triangle). Thin and
straight exploratory filaments (1–2 µm, arrows) extend close and parallel to the substrate surface. F. Archlike
branches (5 µm) which connect I. elegans to the substrate surface with an arch span of 10–20 µm. I. elegans was
found in all three substrates (coral, coralline algae, and microbialite).
Proc. IODP | Volume 310 17
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Figure F9. Saccomorpha clava (SEM images of resin casts of boreholes) produced by the fungus Dodgella priscus.
Thin filaments interlinking individual S. clava specimens contain hyphae. They emerge from the sacks and/or
the base of the necks, attached to the substrate surface. A, B. S. clava occurs in clusters of mainly club-shaped
sacks (Morphotype 3). S. clava occurs as (C) scattered straight sacks (Morphotype 1) or (D) large individual
branched sacks (Morphotype 4). E, F. Saccomorpha cf. clava, a trace also produced by the fungus D. priscus is
longer and slightly thicker than S. clava. E. The trace is developed as clusters of curved sacks (Morphotypes 2
and 3). F. S. cf. clava is developed as a large individual branched sack (Morphotype 4). S. clava was found in all
three substrates (coral, coralline algae, and microbialite), whereas S. cf. clava was found in corals and microbi-
alites.
Proc. IODP | Volume 310 18



K. Heindel et al. Data report: bioerosion in the reef framework
Figure F10. A, B. Orthogonum fusiferum (SEM images of resin casts of boreholes) produced by the fungus Ostra-
coblabe implexa. Typical swellings develop at bifurcations with commonly right angles (arrows in A) or along
thin and mostly straight galleries (upper right arrow in A and arrow in B). O. fusiferum was solely found in coral
skeletons.
Proc. IODP | Volume 310 19



K. Heindel et al. Data report: bioerosion in the reef framework
Figure F11. A–F. Scolecia serrata (SEM images of resin casts of boreholes) produced by an unknown bacterium.
S. serrata forms dense and compact networks with rare bifurcations and shows the typical serrate microsculp-
ture. E. Within this study, S. serrata was found frequently associated with Ichnoreticulina elegans. S. serrata was
found in all three substrates (coral, coralline algae, and microbialite).
Proc. IODP | Volume 310 20



K. Heindel et al. Data report: bioerosion in the reef framework
Figure F12. A–F. Scolecia cf. serrata (SEM images of resin casts of boreholes) is regarded as morphological variant
of S. serrata. S. cf. serrata shows the same characteristics as S. serrata (Fig. F11) but the galleries are slightly
thicker (clearly visible in D and E). The supposed association with a spherelike trace such as Saccomorpha spha-
erula is eye-catching. The spherical aggregates (“bags of wool;” arrows in A and B) are produced by S. cf. serrata
twining around the assumed spherical fungal traces. The fungal traces might be indicated by thin hyphae
emerging from the bags of wool (arrows in C–F). S. cf. serrata was exclusively recorded inside coral skeleton. 
Proc. IODP | Volume 310 21



K. Heindel et al. Data report: bioerosion in the reef framework
Figure F13. Orthogonum lineare (SEM images of resin casts of boreholes) produced by an unknown het-
erotrophic organism. A, B. The parallel run of the galleries to Entobia boring cells and/or coralline algae cells
produces the uncommon zigzaglike course of O. lineare. Apophyses emerge from the main galleries (arrows in
B and D). C, D. Within this study, O. lineare is abundantly not smooth but rather verrucose. The diagnostic
perpendicular bifurcation pattern is not illustrated. O. lineare was found in all three substrates (coral, coralline
algae, and microbialite).
Proc. IODP | Volume 310 22



K. Heindel et al. Data report: bioerosion in the reef framework
Figure F14. The producer of Dendrinid-form (SEM images of resin casts of boreholes) is unknown but trace
shows characteristics of a dendrinid ichnospecies (ichnofamily Dendrinidae; Bromley et al. 2007). A, B. Dense
zigzag-shaped network originates from a central gallery in a dendriniform pattern (arrow in A = central gallery)
that bifurcates often at right angles. C, D. The surface of individual galleries appears rough. Dendrinid-form was
reported solely in Entobia cavities.
Proc. IODP | Volume 310 23



K. Heindel et al. Data report: bioerosion in the reef framework
Figure F15. A–D. Worm-form (SEM images of resin casts of boreholes) is a potential microboring with unknown
producer. Complex morphology is formed by repetitive and to the distal end widening galleries that decrease
in size from the basal to the distal galleries. Worm-form was found only in microbial crusts.
Proc. IODP | Volume 310 24
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K. Heindel et al. Data report: bioerosion in the reef framework
Table T1. Position, water depth of the top of the hole, and total water depth of drilled boreholes.

Table T2. Sample code, water depth, and position of analyzed samples, IODP Expedition 310. (See table note.)

Note: Top = youngest sequences, middle = middle ranges, base = oldest sequences.

Depth (mbsl)

Site Hole Latitude Longitude Water Total

310-
Tiarei M0009B 17°29.3153’S 149°24.2044’W 100.31 127.43

M0009D 17°29.3153’S 149°24.2011’W 103.18 147.77
M0009E 17°29.3153’S 149°24.2121’W 94.94 115.44
M0021B 17°29.3427’S 149°24.1692’W 81.70 114.51
M0023A 17°29.4169’S 149°24.2770’W 67.98 99.34
M0024A 17°29.2918’S 149°24.2358’W 90.44 122.74
M0025A 17°29.2815’S 149°24.2420’W 105.40 126.33
M0025B 17°29.2862’S 149°24.1679’W 100.84 121.34

Maraa M0007B 17°45.9462’S 149°33.0682’W 41.65 89.88
M0015A 17°46.0445’S 149°32.8499’W 72.15 114.33
M0016A 17°46.0534’S 149°32.8565’W 80.85 119.16
M0017A 17°46.0124’S 149°32.8433’W 56.45 97.01
M0018A 17°46.0416’S 149°32.8959’W 81.80 121.85

Faaa M0019A 17°32.0799’S 149°35.9195’W 58.75 125.71

Site
Hole, core, section, 

interval (cm)

Water 
depth 
(mbsl)

Sample position 
in deglacial reef 

succession

310-
Tiarei M0023A-2R-1, 40–47 71 Top

M0023A-3R-1, 10–12 72 Top
M0023A-8R-1, 5–41 79 Middle
M0021B-2R-1, 96–103 83 Middle
M0024A-1R-1, 3–6 91 Middle
M0009E-3R-1, 99–110 96 Middle
M0009B-1R-1, 33–46 100 Middle
M0024A-11R-2, 73–89 111 Base
M0009D-9R-1, 108–114 114 Base
M0025B-10R-1, 62–69 115 Base
M0025A-9R-1, 22–29 117 Base

Maraa M0017A-5R-1, 28–32 64 Top
M0007B-11R-1, 54–60 56 Top
M0015A-9R-1, 6–10 81 Middle
M0018A-1R-1, 41–47 82 Middle
M0018A-6R-1, 6–10 89 Middle
M0007B-26R-1, 77–92 75 Base
M0016A-35R-1, 23–27 116 Base

Faaa M0019A-9R-1, 65–70 78 Base
Proc. IODP | Volume 310 26



K. Heindel et al. Data report: bioerosion in the reef framework
Table T3. Base of Tahitian deglacial reef succession. (See table notes.)

Notes: Semiquantitative analysis of microborer traces observed by SEM in corals, coralline algal crusts, and microbialites. Gray text = traces that
are completely absent in the reef succession of the base. Photic indication = paleobathymetric interpretation derived from the ichnocoenosis
in each sample. A = abundant, C = common, R = rare. Cry = cryptophotic conditions, — = no microbioerosion, eu II = shallow euphotic Zone
II conditions, deu = deep euphotic conditions, dys = dysphotic conditions.

Table T4. Middle ranges of Tahitian deglacial reef succession. (See table notes.)

Notes: Semiquantitative analysis of microborer traces observed by SEM in corals, coralline algal crusts, and microbialites. Gray text = traces that
are completely absent in the reef succession of the middle ranges. Photic indication = paleobathymetric interpretation derived from the ich-
nocoenosis in each sample. A = abundant, C = common, R = rare. Dys = dysphotic conditions, — = no microbioerosion. 
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Corals
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algal crusts Microbialites

310-
Tiarei M0025A-9R-1, 22–29 A C cry — —

M0025B-10R-1, 62–69 C R R R cry — cry
M0009D-9R-1, 108–114 C C C C R eu II, deu dys dys
M0024A-11R-2, 73–89 C C R R eu II, deu dys cry

Maraa M0016A-35R-1, 23–27 C A A eu II, deu — dys
M0007B-26R-1, 77–92 R A A A C eu II, deu dys dys

Faaa M0019A-9R-1, 65–70 C C C R eu II, deu — —
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310-
Tiarei M0009B-1R-1, 33–46 A A C R C dys — —

M0009E-3R-1, 99–110 R C C R R dys dys dys
M0024A-1R-1, 3–6 C A C dys dys dys
M0021B-2R-1, 96–103 A C A dys dys dys
M0023A-8R-1, 5–41 R R A R R R dys — dys

Maraa M0018A-6R-1, 6–10 C A R dys — dys
M0018A-1R-1, 41–47 C R R C dys dys dys
M0015A-9R-1, 6–10 C R C C R dys — dys
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K. Heindel et al. Data report: bioerosion in the reef framework
Table T5: Top of Tahitian deglacial reef succession. (See table notes.)

Notes: Semiquantitative analysis of microborer traces observed by SEM in corals, coralline algal crusts, and microbialites. Gray text = traces that
are completely absent in the reef succession of the top. Photic indication = paleobathymetric interpretation derived from the ichnocoenosis in
each sample. A = abundant, C = common, R = rare. Dys = dysphotic conditions, — = no microbioerosion, cry = cryptophotic conditions. 
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310-
Tiarei M0023A-3R-1, 10–12 A C R dys dys dys

M0023A-2R-1, 40–47 C A R R R R dys dys dys

Maraa M0007B-11R-1, 54–60 R — — cry
M0017A-5R-1, 28–32 A R A C C dys — dys
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