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Stable Carbon Isotopes (6C) in

Introduction

Following the highly publicized 19¢8 Bl Nifio ¢ vent,
inferest in how climatic events ir the tropics zffects
global climate has grown. However, an understandin g
of the long-term natural variability in tropical clitnat s
is only beginning to emerge. Lon -term inskrum enial
records documenting tropical ocea climate are spar e
or non-existent in some areas. " herefore, scienticts
depend upon proxy climate records. The isotopic ¢ ign 1
tures of coral skeletons otfer a suite of proxy records f r
potentially reconstructing past tropical climate over the
last few centuries. Our ability to mc del and under-tat d
current climate and to predict futur 2 climate cond tions
depends on a solid understanding of past climate.

Recent research suggests that ste ble isotope recorcs,
trace element, and minor element cc ntent in the ca cin n
carhonate skeleton of scleractinian corals can be used o
reconstruct sub-annual to centenn:al “ime-scale *arii-
tion in past climate at tropical and : ub- ropical lati ud.-s
(Beck et al., 1992; Cole et al,, 1993; Dunbar et al., 1961;
Druffel, 1997; Fairbanks et al,, 1997 . T e stable ox vgen
isotope signature (3"O) in reef vorals is a reiab.e
recorder of sea surface temper:itures (Weber ard
Woodhead, 1972; Dunbar et al., 19¢ 4; Wellington -t a .,
1996) and salinities in some regiors (Cole et al., 1993;
Finsley and Dinbar, 1994; Swart et : 1, 1986a). How ever,
an understanding of the long-term variation in se.so:-
al cloud cover (solar irradiance) and upwelling are crir-
ical for a mere complete understar ding of tropicil ci-
mate globally. Cloud cover plays a large role in the slois-
al heat budget yet is one of the pr mary unknowns :n
climate models and is missing from most paleo-rec »rd-.
Stable carbon (the per mil deviatior of the “C/*C rat o
relative to the PDB-1 standard callec §"C)in coral skel.-
tons shows some promise as a prc xy-recorder of pa-t
solar irradiance levels and nutriantrich upwe lir g
events, and is measured simultanec usl vy with §=0.

Carbon isotopes are believed tc be predominint.y
fracticnated by metabolic processes miking it dif icuit
to use them as a climate indicator. hh ar effort to unide -
stand the effect of metabolic processes on skeletal £ *C, 1
have experimentally tested the effcts of light {(w hich
drives photosynthesis) and heterotrophy (coral feedling )
on coral skeletal 8*C. The results of this work indicaze
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that: 1} 6°C in corals is a complicated tracer that
responds to both changes in light and heterotrophy, 2)
8°C skeletal records from shallow growing coral in non-
upwelling regions hold promise as paleo-recorders of
changes in solar irradiance levels, and 3) further
research is needed in order to better understand how
6°C varies with heterotrophy and other envircnmental
parameters (i.e. spawning and dissolved inorganic
carbon of seawater (DIC)) before it can be morc widely
used as a climate proxy-recorder.

Background

In symbiotic coral, skeletal 6°C is believed to be
predominantly influenced by metabolic processes such
as photosynthesis and respiration in the coral polyp
(Swart, 1983: McConnaughey, 1989a; Allison, 1996;
McConnaughey et al., 1997; Grottoli and Wellington,
1999). Therefore, environmental variables influencing
coral metabolism should also affect skeletal 8+C levels.

Coral polyps acquire carbon primarily by two mecha-
nisms: 1} photosynthests [dissolved morganic carbon in
seawater (mean 8°C of (%) is fixed by endosymbiotic
algae called vooxanthellael, and 2) heterotrophy [inges-
tion of zooplankton with a mcan §3C of -15 to -21 %0 or
lower (Rau et al., 1990; Grottoli-Everett, 1998)].

Photosynthesis is a light driven metabolic reaction
that causes isotopic fractionation (McConnaughey,
1989a; McConnaughey et al., 1997). The bulk of photo-
synthetically fixed carbon is translocated from the
zooxanthellae to the coral host (e.g. Falkowski et al,
1484; Muscatine et al., 1984; Spencer Davies, 1991). As
the rate of photosynthesis increases, skeletal §°C
increases (Swart, 1983; McConnaughey, 1989; Porter et
al., 1989; McConnaughey et al., 1997). Conversely, as
photosynthesis decreases, skeletal §2C decreases
{Porter et al., 1989). Thus, coral skeletal 8*C should
reflact changes in solar irradiance levels.

Some observational data strongly support this
hypothesis. Skeletal 8°C in corals decreases with depth
(light decreases) (e.g. Weber et al., 1976; Bosscher, 1992;
Carriquiry et al., 1994; Grottoli, 1999) and varies sea-
sonally in accordance with seasonal changes in light
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levels associated with cloud cover {e.g;. Fatrbanke ar«d
Dodge, 197%; Cole and Fairbanks, 1690; Carriquiry ta .

1994; Grottoli-Everett, 1998; Grottoli and Wellinsto,
1999). While these studies support he idea that 11,,ht T
a driving force in the variation of skele-al 8*C cormr pos i-
tion, none addresses the issue experimentally, ard
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Figure 1: (A) In field-reared Panamanian Pevona clavus coral mem
skeletal §°C (= 15E) significantly decreased b ¢ an average of 1.1 %o as
light decreased (ANOVA p<0.001). Sample size of eich mean (indic ited in
brackets) for shallow (@) and deep (W) treatmen s are the same. (B) 11 tai x-
reared Porites compressa corals, mean skeletal §°C ( + 1SE) signi;ican Iy
decreased by 0.54 %o when light decreased frore 160% to 50% (ANO A
p<0.0001, A. posteriori Tukey Test p<05: o« indicates the men H ot
significantly differs from all other means). 8°C lecreased non-signi ican.ly
as light increased above 100% most likely as « result of photoinh-bits: n.
Sample size of each wean indicated in brackets. Loce tion, expetimer | by e,
and coral species are listed to the left of each gri ph. From Grottoli-i vereit,
1998; Grottoli and Wellington, 1999,

none addresses the contribution of zooplankton 1o the
8°C signature. Coral are active !eterotrophs (Coles,
1969; Sebens et al., 1996; Grottoli Everett, 1998 ard
ingestion of naturally occurring zooplankton cantave a
significant effect on skeletal linear extensicn
(Wellington, 1982; Sebens, pers. comm.). Given that
marine zooplankton have low &°C values relative o
coral skeletons, ingestion of zoo Mankton by corals
should be accompanied by a decrea: e in the 8°C of cor 1l
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skeletons. Recent observations by Felis et al. (1998) indi-
cate that increases in heterotrophy associated with sea-
sonal deep water mixing and plankton blooms lead to
decreases in skeletal “C. Thus. both solar irradiance
and zooplankton ingestion should have a significant
effect on skeletal §°C
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Figure 2. (A) Mean skeletal 8°C (= 1SE) incressed significantly by an
aquerage of 0.88%e when zooplankton levels were reduced (ANOVA
p<0.0001). Sampie size of each mean indicated in brackets are the same for
shalton: (@) and deep (W) treatments. Zooplankton were excliuded in the
redueced zooplankion treakments with a 95 um Nitex mesh. (B) Mean skele-
tal 8*C ( + 1SE) increased significantly by (.31 %o us brine shrimyp levels
increased (ANOVA p<0.016). Means with similar symbols (x or 1) do not
significantly differ from each other {a posteriori Tukey Test p<0.05).
Sample size of each mean indicated in brackets. Location, experiment type,
and coral species are listed to the left of each graph. From Grotioli-Everetf,
1998; Grottoli and Wellington, 1998.

Research

The goal of my dissertation research was to experi-
mentally evaluate the effect of light and zooplankton on
coral skeletal 8°C via the following hypotheses: 1) as
light levels decrease, §°C decreases, and 2) as heterotro-
phy decreases &°C increases. By growing corals under
controlled conditions and manipulating both light and
heterotrophy levels, their effects on skeletal 8°C values
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could be isolated. Although skelet\]l carbon isotope.
may vary due to changes in the isotc pic compositicn o
DIC in seawater (Swart et al., 1996b), dissolved organic:.
and bacteria (Sorokin, 1973; Musiatine and Porter
1977), or spawning (Gagan et al,, 1994; Gagan el al.
1996), these factors were constant across all treatm :nt:
in both experiments and therefore did not interfere it
the inlerpretalion of the present data In addition, sk ele
tal 3"C may vary due to changes in kinetic (non-r eta
bolic) fractionation {McConnaughey, 19892, b)
However, examination of the skelet: | 87°Q data reveal:
that kinetic fractionation did not nterfere with the
interpretation of the present §°C dat (Crottoli-Everett
1998; Grottoli and Wellington, 1999),

Figure 3: Cross-section of Porites compressa f agment from The 'oin:
Reef collected at 2 m depth. Stain lincs from bottcm ke top correspone to k
August 1956, 17 October 1996, and 22 Novemb v 1996. Coral frag nen:
was collected on 2 March 1997 (top of fragment). Sequential 2 mm sk leta
samples were extracted along the major axis of growth between the b Hon
stain line and tip of the coral fragment (indicated ry resulting shallon fur
row) yielding a ~ monthly samipling resolution, D:stan ce from bottom stair
line to tip of fragment is 1.5 co.

Effect of light on coral skeletal &%

Large decreases in light result»d in significant
decreases in skeletal 8°C of field-re ared Panamar ian
Pavona clavus (Figure la) and Patona gigantea (nol
shown) at both shallow {Im) and deep sites (7m).
Degree and range of 8°C response to light varied s a
function of species and depth. In tan|. reared Hawa ian
Porites compressa coral, decreases in lig ht ‘rom 100% alsc
resulted in a significant decrease ir 8°C (Figure |b).
This is consistent with the first hypoihesis. In addit on,
increases in light above 100% also resu.ted in a slight
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decrease in P compressa skeletal 8%C (Fignre 1h) This
appears to be a photoinhibitive effect whereby very
high light levels may actually lead to decreases in pho-
tosynthesis (Barnes and Taylor, 1973; Erez. 1978;
Harriott, 1998).
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Figure 4: Skeletal 8°C decreased as light decreased due to seasona! increas-
es in clowd cover, Mean skeletal §°C (= 15L) (solid line with W) in
Hawailan Porites compressa (n=4) decreased from August fo November
as mean dmly irradignce levels decreased (Tumens/m? + 1SE; dushed line
with @) (humensfim’ = 176 * §'Con + 672, = 0.79, 1= 5, p < 0.04, Pearson
correlation cocfficiont — 0.89). Modified from Grottoli, 1999

Effect of heterotrophy on coral skeletal §°C

In field-reared corals, reduction of naturally occurring
zooplankton resulted in a significant mean ircregse in §°C
of 0.88] (Figure 2a). This is consistent with the second
hypothesis. In contrast, increases in heterotrophically
acquired brine shrimp in tank-reared corals resulted in
small but equally significant increases in °C of .31 %
(tigure 2b}. Brine shrimp and zooplankton both have sim-
ilar low &°C values relative to coral and are both a rich
source of nitrogen (C:N ratios < 5}. So, why does skeletal
%C increase with increases in brine shrimp in the tank-
reared coral but decrcases with increases in zooplankton
(to ambient levels) in the field (Figure 2)? I suspect it is
because coral in the tanks were fed very high concentra-
tions of brine shrimp (6 - 90 times greater than naturally
occurring concentrations of zooplankton on the reef) thus
exposing the coral to extremely high levels of nitrogen.
Nitrogen alone, not phosphorus, limits zooxanthellae
biomass in corals (Falkowski et al., 1993). High concentra-
tions of nitrogen have been shown to lead to increased
zooxanthellae concentrations (pigmentation), increased
photosynthesis, and decreased skeletal growth in corals
(Falkowski et al., 1993; Cook et al., 1994; Snidvongs and
Kinzie, 1994; Marubini and Davics, 1996; Stimson, 1997).
In fact, increases in pigmentation and significant decreas-
es in skeletal extension were ohserved in the brine shrimp-
fed corals but not in the field-reared coral that were
exposed to zooplankton. These observations support the
notion that coral have a “nufrient threshold”. Under
normal, low nitrogen conditions, zooxanthellae growth
rate is limited and increases in zooplankton lead to a
decrease in skeletal §°C. At nitrogen levels above the
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"nutrient threshold”, zooxanthellae acivity and phota-
synthesis greatly increase leading to o icrease in sk ele al
&°C, and swamping the low 8°C sign il of the brine sl winip
themselves. Overall, what is clear is that heterotiopt ic
input has a significant effect on coral skeletal 8<C.

Applications for paleoclimate reconstruction

Approximate monthly resolutior 8°C measureiner ts
were made from a Porites compressa corals collec ed at
2m depth from Kaneohe Bay, Haw iii (a non-upw :lling
region). Decrcases in 8#C from Aagust to Novembeor
were significantly correlated with decrases in ligh t lev-
els measured in situ with light log gers over the sarie
time period (Figures 3, 4). As light lve s decreasec with
the onset of the rainy season, 8°C decreased. Chan res m
light accounted for almost 80% of th e variation in ¢ *C in
the coral skeleton at this location. T e remaining 2 1% »f
the variation was probably due to changes in hete ‘ot »-
phy, 8°C of the DIC, spawning, or some combinat on »f
these factors. These resulis suggests that in shillew
coral from non-upwelling regions, ight seems to be t e
major factor controlling skeletal 8% variation.

Summary

Coral skeletal 8°C is significantl > ir fluenced b« het-
erotrophy and light levels. First, this research shov s the
first experimental evidence that het xro:rophic input his
a significant effect on 8“C in coral skeletons. Furthsr
research is needed to decouple the yutrient versu: zo >
plankton effect on skeletal §°C. S:cond, decreases n
Lght by at least 50% led to a statistically signi ica it
decrease in mean skeletal °C in a | 3 species of corels
studied. Since cloud cover reduce; sunlight levels Ty
~-50%, such changes in light levels 1 ho ald be deledtakle
in the coral skeletal 8“C signattre. High-resolution
analysis of the intra-annual varia ion in skeleta & C
composition of shallow Porites .ompressa corzls n
Hawaii indicates that skeletal §“C responds primarity
to seasonal changes in sunlight. T es: results suggest
that we can optimize our ability to acquire a y.ale >
record of solar irradiance levels by choosing a shillow
coral from a non-upwelling region. Du to the comr ple-
ity assoctated with nutrients and h :terotrophy, th> 8 C
record from upwelling region corals is still diffic 1lt o
resolve. Overall, this work increases our knowlec ge »f
how light and heterotrophy affect ¢ oral physiolog - ar d

the 85C of coral skeletons.
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