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Abstract

Coralline sponges have the potential to fill in gaps in our understanding of

subsurface oceanographic variability. However, one disadvantage they have compared to

hermatypic reef building coral proxies is that they do not have annual density bands and

need to be radiometrically dated for an age determination.  To elucidate growth rate

variability we have measured radiocarbon in 1 mm increments from Astrosclera

willeyana sponges collected off the Central and Northern Great Barrier Reef (GBR) and

from Truk in the Caroline Islands and compared these radiocarbon profiles to

independently dated coral radiocarbon records.  Growth rates of the GBR sponges

average 1.2 ± 0.3 and 1.0 ± 0.3 mm yr-1, north and central respectively but can vary by a

factor of two.  The growth rate of the Truk sponge averages 1.2 ± 0.1 mm yr-1.  These

growth rates are significantly faster to those measured for other GBR Astrosclera

willeyana sponges (0.2 mm yr-1) by Calcein staining (Wörheide 1988).

Introduction

Coralline sponges are slow growing; long-lived organisms and their calcareous

skeletons can provide information on salinity and water temperature variations over their



life span.  Unlike corals, most coralline sponges do not exhibit any annual variations of

density or skeletal structure.  This makes the generation of accurate time series of

environmental parameters difficult.  To determine growth rates in coralline sponges,

previous studies have traditionally relied on staining (Dunstan and Sacco 1982;

Rosenheim et al. 2004; Willenz and Hartman 1985) or radiometric methods, 14C, 210Pb

and 230Th/234U (Benavides and Druffel 1986; Böhm et al. 2000; Fallon et al. 2003; Moore

et al. 2000; Wörheide 1998).  The majority of paleo-reconstructions take a single linear

extension rate extrapolated to the whole organism.  In this study we use an extension of a

radiometric method where we determine the age and growth rate of a sponge by taking

advantage of the atmosphere/surface ocean changes in 14C due to nuclear weapons testing

in the 1950s and 1960s and then compare our sponge 14C data to surface seawater values.

Surface ocean radiocarbon (D14C) is a combination of several processes; lateral

mixing of water masses, upwelling of lower 14C water masses and air/sea gas exchange of

CO2 that brings higher atmospheric 14CO2 to the surface ocean.  Atmospheric nuclear

weapons testing in the 1950s and 1960s increased the atmospheric D14C by ~1000‰

(Levin et al. 1985).  The equilibration time between atmosphere and surface seawater is

on the order of a decade, suggesting that if all processes are equal (in reality they are not)

the surface ocean D14C should peak around 1973 (1962/3 being the highest atmospheric

D14C in the Northern Hemisphere) (Broecker and Peng 1982).  The variations of surface

water D14C over time, the amplitude and the timing of the “bomb” peak provide detailed

information about the oceanography and air/sea 14CO2 exchange of an area.  In general,

the “bomb” curve of surface ocean D14C has the same general shape in the world’s

oceans.  The surface ocean D14C begins to rise in the late 1950s, peaks in the 1970s and



then begins to decrease.  In areas with similar radiocarbon surface processes we can take

advantage of the “bomb” curve from a well dated coral to provide an age model for non-

laminated coralline sponges like Astrosclera willeyana (Böhm et al. 2002).  Here we

examine and determine the growth rate of the Indo-Pacific coralline sponge Astrosclera

willeyana using high resolution D14C measurements compared to precisely dated coral

D14C records.  This enables a detailed examination of growth rate variability (that is

crucial to applying these sponges as environmental proxies.

Methods

The coralline sponges were cut into 5mm thick slabs, cleaned in Milli-Q water

and dried at 40°C.  Samples were milled sequentially in 1mm increments with every

sample analyzed. Sponges were milled down the “center” of the slab (Figure 1).  14C

sample splits (~7mg) were evacuated, heated and acidified in individual chambers with

orthophosphoric acid at 90°C (Guilderson et al. 1998).  The CO2 was purified, trapped

and converted to graphite using an iron catalyst following a method similar to that

described by Vogel et al., (1987). The graphite targets were analyzed at the Center for

Accelerator Mass Spectrometry, Lawrence Livermore National Laboratory. The 14C

results are reported as age-corrected ∆14C (‰) as defined by Stuiver and Polach (1977)

and include d13C correction for isotope fractionation, and a blank subtraction based on

14C-free calcite.  Radiocarbon accuracy and precision is 3.2‰ (1s) based on replicate

analyses of a homogenous in-house coral standard (n = 89).  X-Ray and visual analysis of

these sponges do not reveal any variations.  Two samples were collected from the Great

Barrier Reef, Ribbon Reef #10 at a depth of 21m and Myrmidon Reef at a depth of 17m.



An additional sample was collected by J. Hooper (Queensland Museum) from Truk in the

Caroline Islands at a depth of 25m.

Results and Discussion

The Myrmidon sponge is the largest at 50 mm followed by the Ribbon Reef at 32

mm and the Truk sponge at 18 mm. The radiocarbon (D14C) results from the three

sponges are shown in Figure 2.  The Myrmidon sponge D14C record displays a rapid rise

and peak due to the atmospheric nuclear weapons testing of the 1950s and 1960s, but

does not extend to the “pre-bomb” period <1955 (Figure 2).  The Ribbon Reef sponge

D14C captures only part of the “bomb” rise whereas the Truk sample doesn’t quite extend

to the “bomb” peak (Figure 2).

To determine the growth rates for the Myrmidon and Ribbon Reef sponge we

compared the sponge D14C-distance data to two coral D14C records recovered from Heron

Island and Abraham Reef (Druffel and Griffin 1995).  Figure 3 shows the Myrmidon

sponge sample vs. time using the labeled marker points compared to the two coral

datasets.  The D14C coral data was sampled from discrete annual bands cut on the leading

edge of the high-density bands and is accurate to about a year (Druffel and Griffin 1995).

Using the sample collection date and the marker points, extension rates for the entire time

series and between marker points can be calculated (Figure 3).  The Myrmidon sponge

has an average extension rate of 1.2 ± 0.3 mm yr-1 with values ranging from 0.7 to 1.8

mm yr-1 (Figure 3).  The Ribbon reef sponge has an average extension rate of 1.0 ± 0.3

mm yr-1 with values ranging from 0.7 to 1.5 mm yr-1 (Figure 4).  This data shows that

there can be a factor of two in the variability the sponge growth rate indicating that single



linear extension growth rates are not valid.  Both the Myrmidon and Ribbon Reef

samples display increasing D14C near the base of the sample (Figure 1).  Sampling near

the base of the sponge may be problematic: multiple time lines may be intersected

depending on the “tightness” of the concentric growth lines (see cartoon overlay in

Figure 1).  We attribute the incongruous D14C results at the base to this process.  This is

not a problem away from the base.

There are no available coral D14C datasets available from the Caroline Islands so

we chose a high-resolution coral from Nauru (Guilderson et al. 1998) to compare with the

Truk sponge sample (Figure 5).  This is not as robust of a comparison as the GBR

samples but it is good enough to provide gross  extension rates for this sample.  Using

this method we obtain an average extension rate of 1.2 ± 0.1 mm yr-1, although this is

only based on the collection date and one marker point.

Comparison with other published Astrosclera willeyana growth rates

The data presented here suggests that the coralline sponge Astrosclera willeyana

has a growth (extension) rate of ~ 1.1 mm yr-1 but can vary by a factor of two.  This is

significantly different to the growth rate estimated by Wörheide (1998).  Using Calcein-

Na2 they determined the growth rate over a 1-year period to be 0.23 mm yr-1 (Wörheide

1998).  This also fit with a single Th/U and 14C date for a large 25cm diameter specimen

(Wörheide 1998).  Their samples were from nearly the same location as the Ribbon Reef

sponge sample used in this study.  The only other published growth rates of Astrosclera

are from four samples collected in Indonesia and the Solomon Islands by Moore et al.,

(2000).  They used a single Th/U date for each sample and the resulting growth rates



were 0.6, 0.65, 0.7 and 0.65 mm yr-1 (Moore et al. 2000).  Due to the large amount of

sample needed for the Th/U analysis there can be an uncertainty in the growth rate

determined by this method, probably ±10-20%.  Nonetheless their values are in

reasonable agreement with the ones determined in this study.  More disturbing however,

is the difference between the growth rates measured by staining (Wörheide 1998) and the

“bomb” radiocarbon method proposed here.  At this point we cannot attribute a cause to

the significant differences in growth rate estimates.  Some variability can be accounted

for if one measures the length (extension) of the transect from different points on the

outer edge of the sample.  If for instance the sponge is wider than it is tall the apparent

growth rates can be different, but not by 6x as in this case.

Implications for use as an environmental proxy

If the Astrosclera sponge growth rates can vary from 0.2 to 1.2 mm yr-1 in

individuals collected within 1 Km in the GBR then it would be ill advised to assume a

universal or average growth rate.  Individual specific growth rate information would be

required to place paleo-environmental data on an accurate temporal framework.  There

also appears to be some variability in the growth rate on annual or longer time scales.  To

obtain the best and most accurate time series of environmental variables from Astrosclera

we recommend a multi-point age model to account for these possible growth rate

variations.  For samples that are collected near available coral time series, radiocarbon

profiles provide a good age constraint for the 1945 to present time period.  For samples

older than that one can augment the age model with Th/U dates.



Summary

We have used continuous radiocarbon (D14C) profiles in the coralline sponge

Astrosclera willeyana to determine precise chronologies and growth rates.  Astrosclera

willeyana samples in the study have average growth rates of ~1.1 mm yr-1.  This is

significantly higher than earlier reports of 0.2 mm yr-1 by Wörheide (1998) and only

slightly higher than the 0.7 mm yr-1 reported by Moore et al. (2000).  We have also found

that there is variability in the growth rate on the order of ~ 0.5 mm yr-1 depending on the

sample.  This variability, if unaccounted for, will hinder the efforts to extract

environmental information from this genus of coralline sponge.
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Figure 1. Image of half of a coralline sponge Astrosclera willeyana slab with idealized

concentric growth bands overlaid and D14C sampling box in white.



Figure 2. Astrosclera willeyana sample D14C vs. distance from the outer edge of the

sponge.



Figure 3. Top panel - Astrosclera willeyana sample from Myrmidon Reef fit to the Heron

Island and Abraham Reef corals (Druffel and Griffen 1995).  Bottom panel – Growth rate

of sponge from fit to GBR corals using marker points.



Figure 4. Top panel - Astrosclera willeyana sample from Ribbon Reef#10 fit to the Heron

Island and Abraham Reef corals (Druffel and Griffen 1995).  Bottom panel – Growth rate

of sponge from fit to GBR corals using marker points.



Figure 5. Top panel - Astrosclera willeyana sample from Truk Lagoon, Caroline Islands

fit to a coral from Nauru (Guilderson et al. 1998).  Bottom panel – Growth rate of sponge

from fit to Nauru coral using marker points.
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