Evaluating Which Times of Day Mercenaria mercenaria Grows Using Oxygen Isotope Analysis
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Abstract Methods Fitting Samples to The Oxygen Isotope Envelope

Biogeochemical archives from bivalve mollusk shells provide important records of past environmental conditions. Stable Water Sa m phng ST
oxygen isotopes in bivalve mollusk shell carbonate (§*30_,,,, ) are precipitated in equilibrium with water, and therefore reflect ; Procedure:
a combination of temperature and the oxygen isotope composition of the water (§30,,...; ) in Which they grew. Interpreting

* Ontogenetically oldest sample assigned

680, values, however, may be complicated by species-specific growth rate variations that can bias isotope values towards = ool o O : date of clam’s collection

optimal growth conditions. Previous work suggests the hard clam, Mercenaria mercenaria, living in Jarrett Bay, North . ;\y&f F ° O ; " 8 . Undated sampl : d dat :
Carolina, grow preferentially during the warm hours of the day. To further investigate the influence of optimal growth 2, //ﬂ / BEHE | : . . P e.5 assigne . ates using
temperatures paleoenvironmental reconstructions we calculated predicted §80_,,, values using temperatures and §80 w .y I L T linear interpolation assuming a constant
records collected every two hours over five days from the Jarrett Bay study site. Water samples were collected using an ISCO 5 2 0 growth rate

programmable autosampler. For two of the five days we collected paired water samples, one stored open to the atmosphere S i « Samples falling outside of the envelope
fanc:! the o’Fher stored und(?r m!neral oil to prevent. evapo.ration. 080, ater valges from paired samples were statistically | | | | | . were adjusted so that they fell within the
indistinguishable, suggesting little to no evaporative enrichment took place in the autosampler. We also calculated an oxygen Paired hourly water samples collected. One set of Differences in samples with mineral oil vs. , N, e :
. . . . " 18 . les with ineral oil plotted . oxygen isotope envelope
isotope envelope for 2021 using daily maximum and minimum water temperatures and weekly 6*°0,,.., values. Predicted samples contained mineral oil, to control samples without mineral oli, plotte x5 .S | it t | ti £ th
680, values were then compared with observed 60, values micromilled from three M. mercenaria specimens . . N evaporation, and one set with water samples acc?rding to the number of hours.they 3 X amples were Tl . O only a portion 9 €
collected from the study site. To facilitate this comparison clams were stained with calcein five days prior to their collection. exposed to the open air within the ISCO sampler. sat in the ISCO Sampler before being envelope shown in the results section
Calibration of the predicted and observed §'%0,, values is consistent with previous findings that M. mercenaria grows Hourly water samples No significant difference found between samples manually C°||ECt?d z?n.d capped. Sample-t won anmi apym amym sppy spym spum sapi enym  epym * Procedure completed according to Goodwin
preferentially during the warmest hours of the day. At this point it is not possible to determine if shell deposition halts or collected with the ISCO 3700 with mineral oil, and samples without. test showed no significant difference ——dlEoCmin ——disoCmax —M=335 —e-10 X 11 et al., 2021
simply slows during cooler temperatures. Future high-resolution sampling of shell carbonate is needed to address this Portable Sampler between the groups.
qguestion. Our findings suggest that significant portions of each day are not represented, and these biogeochemical archives . . .
should be interpreted accordingly. Samphng Shells For |SOtOp|C Analw Discussion
2 /] u FIXED
Backgrou nd | / C 7 o  Samples generally follow the warmer temperatures indicated by the oxygen isotope values in the oxygen
_ , [/ isotope envelope shown above (figure 18). This aligns with previous findings from studies of M.
© — | | ” Previous work by Goodwin et al. (2021) N/ /SAMPLE :
Group 1 — Predicted Maximum 8 °O. . b mercenaria
—— Predicted Minimum 8'%0, | revealed how the biology of M. Y/ / -— = _ .
< mercenaria leads to preferential ~ e = [ * Samples do not exceed a §*30, value of approximately 0 %o
T o " MM{ growth during the warmer hours of the | MICROSCOPE I  Therefore, the temperature recorded by the specimens during the sampling period ranged between
= / 'J'“‘A“g!;u'!\.i:f‘v:}'i"“‘f"f day, and thus a biased recording of o 10 o = ~20 °C and ~38 °C
< iy gl L) | temperature. n s N p— * Assuming continuous growth, sample sizes of 30-50 ug likely represent an average of around seven days.
o g J‘ | '1‘-“1‘_’,,75::' ;\-;:‘:::‘A‘:‘:: ;" ) . .
o V] /. v " os from five diff Y CONTROL ki Samples drilled using the X-Y-Z computer controlled . Samoles falline outside of reciotation Dot
. [ |50 >amples from five ditferent IIVI . o T E— micromill procedure outlined in Dettman et al., 1995 ) P e | ; Precipitation data
\/ mercenaria specimens are p otte . . . . (figures 12 and 13). Target mass of ~ 30 pg for all samples. the oxygen isotope envelope | . h from:
© a|0ng with the oxygen isotope Virtual lines created, and Generalized dlagram of a during mid-June may reflect 7 N . I e  xmacis.rcc-
| | | ‘ coordinates recorded, to align computer controlled . : C e s A acis.or
envelo!oe, which shows the range of ) : g. . P . Samples run on Union College’s Stable Isotope Laboratory increased precipitation g | . 4&
2017 2018 2019 potential 5180, values each day. the shell’s growth intervals with  micromill (Dettman et al., . . : = €Ocorans.o
Date he mi s drilli using a Thermo Delta Advantage isotope ratio mass rg
the micromill's drilling pattern.  1395). spectrometer coupled to a GasBench |l i } /\
p p y 0 VJ_(\_J v < ‘ L-(" k v V&v"—c—c
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Locality & Calcein Staining
Results Is growth slowed or halted?
Left: Slowed growth model, where the
Three different M. mercenaria clams grow more slowly when
i i i . : g - temperatures are outside of the ideal
specimens which were suitably Right: Oxygen isotope envelope created for J | o F; Recorded temperatures (red
young were collected from the | 15t2021 . th h ] 215t 2021 : : _ e ‘ ge. P
studly site. anuary , througn June ’ dots) compared to the complete
using daily minimum (blue line) and temperature record (black line).
Left: Locality map. A) Map maximum (red line) temperatures. | | = I R R Y R e
— , depicting the location of Carteret Bovi , — 4 — Right: Halted growth model,cwhere
o *2*|  County in North Carolina. B) Core | = Predicted 6180, curve calculated for the five- : frOWth cteasescz;ﬂfl;ove adcedrtam
. ) _ £ emperature. ecorde
i Sound & Jarett Bay, with the day study period (black line) 1A A VY A WY S WY S WY AU U P
& location of Wade Creek marked temperatures (red dots) compared to
3 with a rectangle. C) Osprey box u —— 1 J — all potential isotopic values, given
<2 3 (‘OB’) location, with the rectangle y Sample 10 ] Future Directions continuous growth (black line).
smyma depicting where clams (‘C’) were
£ Core Sound taken from. From Goodwin et al., * To further constrain the timing of samples additional, high-resolution samples are needed to further
D 2021. constrain the timing of shell growth
Atlantic 2.0 . . .
¥ jgi L Ocean 3 * Future analysis using SIMS (secondary ion mass spectrometer) can be used to measure 6130, values for
3 ) D>_ Date . . .
~m. : o 30 , much smaller samples, allowing for samples to represent smaller periods of time
- o ¢1  Right: Bottomless buckets used to g Below & to the left: Plots of each 6180, isotope PTE> 5 P P P
Zta'” IIVI l\/t’e.rcega”i’r:”'sl'tuj i sample from all three sampled M. mercenaria.
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