
COMPOUND-SPECIFIC ISOTOPE ANALYSIS OF PERIOSTRACUM GROWTH BANDS FROM 
BATHYMODIOLUS CHILDRESSI: POTENTIAL TEMPORAL ARCHIVE OF ECOLOGY AT METHANE SEEPS

The extensive methane seeps of the U.S. Atlantic Margin (USAM) are home to 
mussel communities that use endosymbiotic methanotrophic bacteria as their 
primary dietary source. Here we present results of compound-specific isotope 
analysis of amino acids (CSIA-AA) of the shell periostracum, or “shell skin”, of 
the ubiquitous mussel species at these seeps, Bathymodiolus childressi, to 
assess organismal trophic position and methane reliance over mussel lifetime. 
We compare periostracum CSIA-AA data relating to mussel dietary sources over 
the individual lifespan to recently reported data from adductor and gill tissues 
of the same individuals in order to assess the reliability of the periostracum as 
an isotopic record. 

Objective 
• Examine the trophic ecology of B. childressi using 

isotopic evidence from periostracum samples, as the 
periostracum forms in sequential bands, and can be 
analyzed after mussel death (unlike soft tissues)

• Does the periostracum represent a reliable temporal 
archive of methane seep ecology?

Background 
• USAM: tectonically inactive passive margin that runs 

along the eastern U.S. 
• Bathymodiolus childressi: mussels host bacterial 

symbionts that oxidize methane as an energy source, 
while retaining a digestive system and the ability to 
filter-feed [1,2]

• The periostracum: A thin protein layer that forms along 
the shell edge in continuous growth bands [3].

1.Mussels collected from the Chincoteague (925m) and 
Baltimore Canyon (395m) seep fields by investigators from 
the U.S. Geological Survey

2.Periostracum was excised at % lengths using a scalpel and 
forceps

3.A Growth Curve was developed using existing B. childressi 
mark-recapture data from a different methane seep site 
and used to age periostracum samples

4.The absolute abundance of individual amino acids in each 
periostracum sample of two mussels was determined 
using gas chromatography-mass spectrometry (GC-MS) at 
the UM Close Lab

5. δ15N values of amino acids were determined using gas 
chromatography- isotope ratio mass spectrometry (GC-
IRMS) for two mussels at the UM Lab

• Mussel periostracum is a reliable archive of B. childressi 
isotopic patterns

• Periostracum 0% sections (most recent) compare well to 
adductor muscle samples

• The periostracum records variation in amino acid 
composition over lifetime

• These variations are likely due in part to the quinone-
tanning (hardening) process of the periostracum 
protein 

• Mark-recapture surveys of USAM B. childressi 
would improve growth curves

• Characterizing the effect of distance from the seep 
on methane energy-sourcing

• Characterize methanotrophic symbiont specifically
• Refined periostracum excision, increased 

replicability
• δ13C analysis
• Examination of archived shells from museums, etc. 
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Growth Model
• Periostracum age predicted along the Maximum Growth Axis using 

Von Berlanffy growth equation (VBGE):
𝑳𝑳 𝒕𝒕 = 𝑳𝑳∞(𝟏𝟏 − 𝒆𝒆 −𝒌𝒌 𝒕𝒕−𝒕𝒕𝟎𝟎 )

• All mussels excised were 3-5 years old, based on shell length (Figure 
1)
• Mussel 1: 0%=3.3 yr, 10%=2.8 yr, 20%=2.3 yr, 30%=1.9yr
• Mussel 2: 0%=3.7yr, 10%=3yr, 80%=0.5yr

• under-estimation in length could have a substantial effect on 
age estimations
• Assumes sequential, 
uninterrupted growth 
of the shell periostra-
cum indicating that 
the age of samples is 
likely underestimated

1. Is the periostracum a reliable record of isotopic change?
2. How does trophic position change over time? 
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Trophic position
• Trophic position (TP) was calculated from Equation 1 using two different methods; δ15N values of Glutamic Acid and Phenylalanine 

(TPGlu-Phe), and averaged δ15N Trophic and Source AA’s (TPtroph-source) [4]

• TPGlu-Phe did not differ greatly from TPtroph-source , Figure 5 and Figure 6 
• 10% section of Mussel 1 was lower than the 0% and 30% sections
• Periostracum TP data correlates well to adductor muscle TP data, this is promising for the use of the recent periostracum in comparison 

to existing TP soft tissue
• Our periostracum TP results corroborate the findings of  Vokhshoori et. al which indicated some portion Mussel 1’s diet comes from 

detritus (hihger TP)

• Processing time and analytical time 
• only two individuals were analyzed via the Close Lab 

GC-IRMS
• Degradation of the periostracum with age 

• Sections 0-30% are preferentially excised for analysis
• Analyses are time-intensive, but eventual analysis of 

more individuals will allow for statistical replication
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𝑳𝑳𝒕𝒕 = 𝟏𝟏𝟏𝟏𝟏𝟏(𝟏𝟏 − 𝒆𝒆 −𝟎𝟎.𝟏𝟏𝟏𝟏 𝒕𝒕−𝟎𝟎 )

t = (1/−k)∗ log(1−(𝑳𝑳𝒕𝒕/ 𝑳𝑳∞)) + 𝒕𝒕𝟎𝟎

Questions

Abundance and Concentration 
• Analysis was successful!
• Variability in AAs over time has never been seen before in this mussel species
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Results

Site-to-site isotopic trends
• Source AA δ15N values are indicative of the N source at the base of the local 

food web
• Periostracum records the same variation in Source AAs between sites as gill 

and adductor measured by 
• Vokhshoori et al. (In Review)
• δ15N values of Phenylalanine 
(a typical Source AA), are ~2‰
at Chincoteague than at 
Baltimore (Figure 2)
• Indicates inherent 
differences in nitrogen sources 
at these two sites
• Periostracum data has a lower
value than other tissues. May be
due to interlab differences

• Glycine (Gly) mole % consistently high
• Gly% is indicated in text relative to the 

sum of all other amino acids
• General trends very similar between 

periostracum samples
• Fluctuating Tyrosine (Tyr) and Phenylalanine 

(Phe) in Mussel 1, from quinone tanning 
(hardening) process?
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Figure 1: The growth curve created from Eq. 1

Figure 2: The individual δ15N results for Phe, a typical Source AA

Eq. 1

Figure 4: The relative mole % of each AA in each analyzed section of periostracum, as well as tissue 
analyzed by Vokhshoori et al. (In Review)

Figure 5: Trophic 
position of Mussel 1 
over periostracum 
section, with 0% 
being the most 
recent portion. Gill 
and adductor muscle 
data are from 
Vokhshoori et. al (In 
Review)

Figure 6: Trophic 
position of Mussel 2 
over periostracum 
section, with 0% 
being the most 
recent portion. Gill 
and adductor muscle 
data are from 
Vokhshoori et. al (In 
Review)

Map of sampling locations of Bathymodiolus spp [2]

Eq. 2
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