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Stable Isotopic Compesntlon of Chitin from
Arthropods Recovered in’ Archaeological
Contexts as Palaeoenvironmental Indicators
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The effects of biodegradation and heating on the stable carbon, nitrogen, hydrogen
and oxygen isotope ratios of chitin in arthropods were studied. Chitinous exoskele-
tons from seven aquatic arthropod species were subjected to anaerobic marine biode-
gradation in mud, to terrestrial biodegradation in soils, and to thermal degradation
under anaerobic and aerobic conditions. The isotope ratios of chromatographically
separated D-glucosamine hydrochloride and derivatives from treated and untreated
specimens were then compared. Carbon, nitrogen, oxygen and hydrogen stable iso-
tope ratios were all found to be conserved during partial degradation of chitin. Micro-
morphological comparative studies using scanning electron microscopy (SEM) and
transmission electron microscopy (TEM) indicated that no fungal chitin or other con-
taminants were present in the chitins that were chemically isolated from biodegraded
substrates. Qur results indicate that it will be possible to use stable isotope ratios of
archaeological chitin samples for environmental apd ¢hmatic reconstructions. An
illustration of the utility of this approach comes from the observation that the stable
isotope ratios of chitin from crustacean exoskeletons recovered from archaeological
sites with ages up to 1400 years bp are in good agreement with measurements on
modern crustaceans from similar environments.
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Iatroduction
Stable isotope ratios of carbon, nitrogen, oxygen and hydrogen in different types of
modern, archaeological and fossil biomass have been used in ecelogical, physiological,
environmental and climatic studies. The accuracy of these studies is increased by the
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utilization of well-characterized and purified chemical substances rather than bulk
biomass. Often the purified substance is an insoluble biopolymer, such as collagen
(Schoeninger & DeNiro, 1984) or cellulose (Epstein et al., 1976), which has no mobility
into or out of the biomass. Ay

Chitin, one of the most abundant biopolymers, would appear to be a good candidate
for use in such studies. Chitin is present in the organic matrix of exoskeletons of a wide
range of animal classes as well as in fungi and some other lineages (Muzzarelli, 1977). Its
availability from Arthropoda, Insecta, Arachnida, Merostomata and certain Mollusca
makes it a potential substrate for stable isotope studies on organisms in aquatic and
terrestrial environments. Archaeological excavations in arid arcas and careful analyses
of peat bog cores frequently yield well-preserved chitinous arthropod remains. Chitin is
also preserved in natural oil seeps such as the La Brea tarpits, Los Angeles County
(Stock, 1949). Morphological evidence suggests the preservation of Devonian age
arthropod exoskeletons in a black mudstone 376-379 million years old (Shear er al.,
1984).

In our previous isotopic studies on chitin, we focused on the stable isotope ratios of
carbon, nitrogen, oxygen and hydrogen in a variety of recent arthropods and their rela-
tionship to environmental and species-specific behavioural influences (Schimmelmann &
DeNiro, 1986 b,¢). Briefly, these studies showed that the **C/**C ratios from marine
arthropod chitins are different from those of terresirial chitins, whereas chitins from
brackish or supralittoral environments fall in the middle. The 18Q/1%Q ratios relate
largely to the ‘0/1°0 ratios of the waters available to primary biomass producers,
which, in the case of terrestrial meteoric waters, can be correlated with climate (Buchardt
& Fritz, 1980). The D/H ratios reflect dietary influences that, under special circum- |
stances, may also be interpreted climatically. Finally, ">N/'*N ratios are relatively
independent of species and characteristic for a given environment.

The results mentioned above are only the most prominent ones obtained from studies
of modern arthropod chitins. These and other results could be directly compared to
stable isotope data on chitins recovered from archaeological sites, thus aliowing environ-
mental and climatic reconstructions, provided that post-mortem processes have not
caused changes in the in vivo stable isotope ratios of chitin.

It was the objective of this study to evaluate the likelihood of such post-mortem
isotopic changes in chitin. Isotopically characterized modern chitin samples were sub-
jected to partial biological and thermal degradation to simulate processes that may occur
after chitin-bearing organisms die. Isotopic analyses of the residues that remained were
then performed. Some residues were also subjected (o micromorphological analysis using
scanning and transmission electron microscopy (SEM and TEM)in order to determine if
exogenous chitin-containing contaminants were introduced during biodegradation. '

Materials and Methods
Marine anacrobic biodegradation experiments were performed using fresh, muddy,
near-surface sediments from Redondo Beach Harbor (Los Angeles area, California) and
the Malibu Creek Lagoon (Los Angeles area), both of which represent littoral-marine to
brackish-marine microbial environments. Pieces of carapace from an adult northern
lobster (Homarus americanus, family Nephropsidae; sampled in Boston, Massachusetts),
from five aduli ridgeback prawns (Sicyonia ingentis; family Penacidae; caught offshore
near Los Angeles) and from an adult ghost crab (Ocypode ceratophtalmus; family -
Ocypodidae; from Kauai, Hawaiian Islands) were placed in nylon mesh bags and buried -
separately 15 cm deep in the sediments, which were held in 2 litre polyethylene laboratory -
bottles. The sediment surface was covered by 5 em seawater. The containers were covered
loosely by black plastic caps and were additionally wrapped in aluminium foil to simulate
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aphotic conditions. Biodegradation took place during 10 weeks at room temperature,
after which the nylon bags were recovered from the dark, anaerobic, hydrogen-sulphide-
containing sediments.

Terrestrial biodegradation in moist sm]»envnonments was performed using ground,
fresh carapace material of Homarus americanus, shrimp [Penaeus (californiensis?);
family Penaeidae; from a Los Angeles fish market], and horseshoe crab {(Limulus
polyphemus; class Merostomata; Assateague Island, Maryland) in separate nylon mesh
bags buried for 8 weeks 20 cm deep in garden soils in Torrance and Altadema, both in
the Los Angeles area,

Thermal degradation experiments on chitin involved ground and homogenized
materials from brine shrimp (Artemia franziscana, family Branchipodidae; commercial
product from San Francisco Bay area), Homarus americanus, and the purple shore crab
{Hemigrapsus nudus;, family Grapsidae; caught along the North American Pacific coast
at different locations). For aerobic thermal degradations, aliquots of the three crude
ground chilins were placed in loosely covered Petri dishes and heated for 3hat 275°Cin
an air-convection furnace. Anaerobic carbonization at 200, 275 and 325 °C for 3 h was
performed by wrapping water-soaked aliquots of the crude chitin powders loosely in
aluminium foil and placing them 10 cm deep in a moistened sand bath. As the tempera-
ture rose, the water vapour in the sand bath acted as a diffusion barrier against
atmospheric oxygen.

Chitin samples that were untreated, thermally degraded or recovered from the sedi-
mentary burial environments were separated into two aliquots, which were subsequently
used for the determination of stable isotope ratios and electron microscopy.

The methods for processing arthropod chitin for stable isotope analysis have been
described in detail elsewhere (Schimmelmann, 1985), They can be summarized briefly as
follows. Arthropod exoskeletons were decalcified and deproteinized by treatment with
2N HCI at room temperature and with 1 N NaOH at 100 °C respectively. The resulting
crude chitin was hydrotysed in 7~ HCl at 100 °C, and the deacetylated chitin monomer,
D-glucosamine, was purified chromatographically in its hydrochloride form (GleN-HCI)
{(Schimmelmann & DeNiro, 19864). Aliquots of GicN-HCI were combusted before mass
spectrometric analysis of 1*C/12C and ’N/!*N ratios, as described by Northfelt ef al.
{1981). GlcN-HCl was pyrolysed in the presence of HgCl, before mass spectrometric
determination of 18Q/1%0 ratios, as described by Schimmelmann & DeNiro (1985). D/H
ratios were determined for the carbon-bound hydrogens of GleN-HCI, as described by
Schimmelmann & DeNiro (1986¢). The isotope ratios are expressed in the & notation,
where

5*X - [(*X/X)Sﬂmple -
(*X/X)slandard

and ¥X/X = 13C/*2C, IN/*N, *80/*¢0, or D/H. Standards are Vienna Standard Mean
Ocean Water (V-SMOW) for 8130 values and 8D values, the Peedee belemnite (PDB)
carbonate for §'3C values, and atmospheric nitrogen {AIR) for 525N values. The preci-
sions of the measurements, given as standard deviations of the means calculated for 20
replicate analyses, are +0:2%o for 8'30 values, 4 0:1%. for '°N and §'*C values and
+ 3%o for 8D values.

For electron microscopy, chitin samples were prefixed in 2% glutaraldehyde in
sodium-cacodylate buffer, pH 7-4 and 4 °C, washed in buffer and postfixed in 2% OsO,
in the same buffer. After dehydration through graded ethanol solutions, the material
was either embedded in epoxy resin and cut for TEM, or critical-point dried, sputtered
with 810 nm gold-palladium and mounted on aluminium stubs with silver glue. The

1:1 % 1000%e
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Table 1. & values (%o) of chitin prepared from pleces of carapaces of Homarus
americanus { H ), Sicyonia ingentis (§) and Ocypode ceratophtalmus (O] before
and after anaerebic biodegradation in mariie sediments from the indicated localities
in California. The means+ 1 8.D. of the differences between the 8 values of untreated
and degraded chitins are given as 46 values (%), The amounts of p-ghicosamine
hydrochloride (in @8/ obtaired from 1000-0mg carapace before and after
biodegradation are given as EXT

Biodegraded in Biodegraded in
Redondo Beach Malibu Creek Ab value
Untreated Harbor sediment Lagoon sediment (WN=6)
s13C
H —176 —177 —17-8 +0-14+0:1
3 —20-2 —204 —20-1
O —16:3 —163 —163
35N
H +05 +0-4 +02 00402
8 —4-8 —50 — 46
O —23 - 1-9 —~25
$130
H +254 +250 +253 0-04+05
8 4252 +253 +24-8
O +247 +24:6 +258
8D
H +59 +54 +54 +243
S +73 +67 +72
0] +113 +115 +115
EXT
H 165-3 34-1 58-8
3 1480 46-1 80-5
O 48-2 18-1 20-8

samples were cxamined with a Siemens 101 transmission electron microscope at 80 kV
accelerating voltage or a Siemens ETEC Autoscan scanning electron microscope at
20 kV.

Results and Discussion

Isotopic studies on partially degraded chitins
The concentrations of D-glucosamine hydrochloride (GleN-HC!) and the carbon, pitro-
gen, hydrogen and oxygen isotope ratios were obtained for chitins from seven different
species of arthropods, unaltered or biologically or thermally degraded (Tables i-3).
The amounts of extractable GlcN-HC! per gram of degraded material decrease with -
progressing biodegradation, indicating chitin losses of up to 75% due to microbial
activity (Tables 1 and 2). This observation is in agreement with the results of a variety of -
similar studies. For example, the aquatic aerobic biodegradation of chitin has been
studied in the ocean (Wirsen & Jannasch, 1976; Norkrans & Stehn, 1978; Okutani, 1978;
Poulicek et al., 1981; Poulicek & Jeuniaux, 1982; Griffiths er al., 1982), in estuaries
(Hood & Meyers, 1978), in limnic environments (Warnes & Randles, 1977; Brewer &
Pfaender, 1979; Fjerdingstad et al., 1979; Warnes & Poole Rux, 1982), and in lotic
suburban waters (Streichsbier, 1982). Chitin biodegradation in the rhizosphere was .
studied by Mitchell & Alexander (1962), Okafor (1978) and Koval & Kharkevich (1983).
Fcological and methodological aspects of chitin degradation have been reviewed by Bilai
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Table 2. & values (%e) of chitin prepared from aliquots of ground carapaces of

Limulus polyphemus (L) and Penaeus (californiensis?} (P) before and after
biodegradation in soils in the indicated localities of California. The means+1 S.D.
of the differences between the 6 values of untreated and degraded chitins are given as
Ad values (%e). The amamuts,of p-glucosamine hydrochloride {in mg) ebtained from
1000-0 mg carapace powder before and after biodegradation are given as EXT.
Quantities that were not determined are indicated by n.d.

Biodegraded in Biodegraded in Ad value
Untreated Alladena soil Torrance soil (&)
§13C
L —17-0 —17-6 —175 +04+0-2(4)
P 249 —250 —251
31N
L -7 -9 -5 04 4+05(4)
P - 17 —13 +0-3
8'%0
L n.d. n.d. n.d. -6 (2)
P +197 +187 +21-8
D
L +86 +89 +82 +1£3(4)
P +4t +41 +39
EXT
L 191-7 150-1 139-0
P 183-0 322 420

et al. (1984) and Muzzarelli et al. (1986). The consensus of these workers is that the
enzymatic degradation of chitin in aquatic and moist environments occurs rapidly and
leads eventually to complete destruction. The resulis in Table | indicate that this
conclusion also applies to marine anaerobic biodegradation.

Apparently the biodegradation in sediment from Redondo Beach Harbor involved 2
higher enzymatic chitinoclastic activity than that in sediment from Malibu Creek
Lagoon (Table 1). Another chitin assay based upon the enzymatic degradation of chitin
(Jeuniaux, 1963, 1965) performed on the lobster materials yielded the same result
(Table 4). Quantitative differences between the results of this assay and the hydrolytic
GleN-HCl yields {Table 1) may be explained by the overall heterogeneity of the
sample material, for instance among body parts such as manus and carapace. The
approximately constant chitin concentration in the overall organic material (Table 4)
indicates that biodegradation occurs simultaneously on chitin and other (e.g.
proteinaceous) components at similar rates.

Simitar observations of decreasing yields of GleN'HCI were made for chitins that were
subjected to carbonization for 3 h at various temperatures (Tabie 3). Higher tempera-
tures resulted in less preservation, with aerobic carbonization being even more destruc-
tive than anaerobic carbonization. Thus, several experiments did not yield enough
substrate to perform any stable isotope ratio determinations, while others (the afore-
mentioned biodegradation experiments included) yielded only enough material to allow
us to perform a limited number of analyses.

The means and standard deviations of the differences in isotope ratios of chitin from
untreated samples and from samples that had undergone marine anaerobic biodegrada-
tion (Table 1} fall within the respective ranges and standard deviations of natural
isotopic variabilities within the carapace of an individual lobster ( Homarus americanus)
or among carapaces from populations of crustaceans sampled in one locality (Table 5).
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Table 3. & values {%s) of chitin prepared from ground whole Artemia franziscana
(A) and ground carapaces af Hemigrapsus nudus (&) and Homarus americanus
{ F) before and after thermal degradation for 3 h under the indicated conditions. The
means+ 1 S.D. of the differences between the § values of untreated and degraded
chitins are given gs 46 values (%), The amounts of D-glucosamine hydrochloride {in
mg ) obtained fram 1000-0 mg ground material before and after degradation are given
as EXT. Quantities that were not determined are indicated by m.d.
Anaerobic  Anaerobic  Anacrobic  Anaerobic Ad value
Untreated 200°C 275°C 325°C 275°C (A)
313C
h —14-3 — 142 —13-9 n.d. —14:5 0-0+03(9
H -17-2 —16-8 —17-0 —17:1 —17:0
A —22-1 —225 —22:5 n.d. n.d.
815N
h +2-1 +22 +2:2 n.d. +2:9 —01+0:5(8)
H +04 +0:9 +09 nd. +0-2
A —85 —9-4 —84 r.d. n.d.
5150
h +257 +253 .. n.d. n.d. (-5 406 (4)
H +25-4 +26'3 +260 n.d. +26-4
A n.d. n.d. n.d. n.d. n.d.
8D
h n.d. n.d. n.d. n.d n.d. —2{2)
H +59 +55 nd. n.d. +66
A n.d. n.d. n.d. n.d. n.d.
EXT
h 55-0 32:3 13-5 0-0 0-6
H 165-3 162-0 799 0-3 117
A 93 6-4 33 00 00

Table 4. Weight percentages of total organic matter (TOM) in Homarus
americanus carapace and of chitin (determined by enzymalic analysis of
glucosamine) in total organic maiter before and after anaerobic biodegradation in

marine sediments from the indicated localities in California

TOM in carapace Chitin in TOM
Untreated 266 56-3
Biodegraded in Malibu
Creek Lagoon sediment 20-3 657
Biodegraded in Redondo
Beach Harbor sediment 72 615

Thus, the isotopic variability introduced by anaerobic degradation in marine sediments
is accounted for by the isotopic heterogeneity of the original substrates in combination
with the analytical uncertainties inherent to isotopic analysis. This explanation cannot
account for the isotopic shifts observed in ground and homogenized chitin samples
subjected to terrestrial microbial and thermal degradation. Our data (Tables 2 and 3)
indicate that such processes produce only small isotopic shifts, however, and do not alter
the gross isotopic character of chitin.
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Table 5. Ranges and standard deviation of 8 values {%0) in chitins of moder;
arthropad individuals and populations

Substrate By Range 18.D. N
Chitins from five §13¢C 0:5 02 5
body parts of 51N [3 0-5 5
Homarus americanus 5180 09 0-3 5
(family Nephropsidae) 8D 5 2 5
Chitins from individuals §13C I-5 4 10
of a population of 51N 19 06 10
Procambarus clarkii 3180 12 04 10
(famity Astacidae) 8D [7 5 10
Chitins from individuals 313C 33 -0 ¢
of a population of 845N 28 0-9 9
Ocypode ceratophialmus &30 08 03 6
(family Ocypodidae) 8D 12 4 7
Chitins from individuals atc 15 05 7
of a population of 515N 20 07 7
Sesarma sp. 51%0 4-5 13 7
{family Grapsidae) D 25 g 7

The preservation of intact N-acetyl-p-glucosamine units accounts for the conservation
of in vivo stable isotope ratios of carbon, nitrogen, oxygen, and carbon-bound hydrogen
in glucosamine from chitin samples subject to bio- or thermal degradation. Isotopic
exchange of oxygen and carbon-bound hydrogen in chitin with ambient water percolat-
ing through a burial assemblage, which would alter the in vive isotopic record, would
require thermal and pH conditions that exceed, by far, those usually encountered in:
depositional environments (Hoering, 1981; Wedeking & Hayes, 1983). Under these
extreme conditions there would be no preservation of chitin.

Microscopic studies on partially degraded chitins

Alterations of isotope ratios of fossil arthropod chitin can be expected if secondary:
fungal chitin is added to the primary chitinous substrate. The magnitude of such alter
tions can be appreciated if one considers that the 8'3C and §'5N values of microbial:
biomass from bacteria grown heterotrophically on N-acetyl-p-glucosamine, which is the
monomer that organisms polymerize to form chitin, differ from the respective § values of!
the substrate by 4-1 and 0:9%. respectively (Macko & Estep, 1982). Fungal secondar
chitin (Ruiz-Herrera, 1978) would behave as a chemically indiscriminable contaminant;
thus potentially changing the overall stable isotope ratios in primary chitin if present in
archaeological and fossil samples, as suspected by Hare & Abelson (1965) and Moore:
(1969). Scanning electron microscopy (SEM) has been used to detect fungal structures in:
non-fossilized materials (Poulicek ez al., 1981: Poulicek & Jeumiaux, 1982; Poulicek:
& Jaspar-Versali, 1984; Poulicek, 1985) and was used in this study to evaluate the
likelihood of the presence of fungal chitin in biodegraded arthropod exoskeleton:
remains. ‘

TEM and SEM studies of the various crude biodegraded substrates we prepared:
revealed the presence of some microbial and fungal organisms (Figures | & 2) penetrating’
and destroying primary chitinous structures, predominantly from the endocuticle:
side (Figure 3), while the epi- and exocuticle offered higher resistance against endolithic
and chitinoclastic attack (Figure 4).
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Figure L. Surface of the inner side of a Homarus americanus cuticle fragment after
incubation in Redondo Beach Harbor mud showing numerous bacteria and
several spore-forming microorganisms (SEM, x 5600 scale bar = {0 pm).

Figure 2. Ultrathin section of the same sample as in Figure | showing several
microorganisms and borings within the biodegraded cuticle. Note the alteration
of the cuticle inner layers (FEM, x 5000}.

In contrast, after the chemical decalcification and deproteinization that we employed
in preparing chitin samples for isotopic analysis, biodegraded substrates yielded purified
chitin isolates whose SEM images (Figures 3 & 4) indicated there were no biogenic struc-
tures (such as fungal chitin} other than those related to the primary chitin. It appears
that the chemical purification is also effective in eliminating other contaminants, such as
soil mineral particles.
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g2

Figure 3, Detail of the surface of the inner side of the same sample as in Figure 1
showing the alteration processes (isolation of the macrofibres) after removal of the
contaminating microorganisms {SEM, x {250, scale bar = 10 um).

Figure 4. Detail of the surface of the epicuticular side of the same fragment as in
Fig. 3 showing almost no visible afteration (SEM, x 440, scale bar =50 pm).

Comparative measurements and observations on chitin from archaeclogical specimens and
some modern counterparts

OQur laboratory and field simulations of microbial degfadation were extremely short
compared to the time available for degradation of archaeological samples. The influence
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Figure 5. & values (%o} of chitin from crabs {probably Platyxanthus orbignyi)
excavated in Peru near the Chincha Valley {Projecto arqueologico Pescadores de
Chincha).

of time as a factor was evaluated by analysing a variety of archacological crustacean
remains of known ages and comparing their 8 values with the respective 8 values of
modern crustaceans caught in or near the same locations. These materials came from
locations in Peru and in the Bahamas.

Parts of seven crabs were obtained from a coastal South Peruvian archaeological site -
close to the Chincha Valley. The specimens are probably Platyxanthus orbignyi (family
Xanthidae) and have an approximate age of 450 years bp based on secure ceramic affilia-
tion (D. Sandweiss, pers. comm.). P orbignyi is presenily found along the entire Peruvian
coast, living on rocky and coarse sedimentary substrates in the subtidal zone, from 0 to
27 m of depth (D. Sandweiss, pers. comm.). The results of isotopic analysis are shown in
Figure 5. The means, standard deviations and ranges of the four stable isotope ratios for
the samples regardless of age, are:

13 C= — 163+ 0-6%o, range 2-1%o, N=7;
SN =+ 01+ 10%, range 3-1%e, N=7,
8180 = + 256 +0-5%0, range 1-4%0, N=T,;
8D = +85+4 7%, range 23%., N=T.

Unfortunately, we could not obtain modern Peruvian specimens of P. orbignyi for
comparison. The habitat of the modern Peruvian lobster Panulirus gracilis (family
Palinuridae) is very similar and its isotopic data given in Table 6 are in good agreement
with the results for archaeological P. orbignyi. Moreover, a comparison with the large
amount of isotopic data on fully marine aquatic crustaceans given by Schimmelmann
(1985) indicates the similarity of these archaeological isotopic data with modern data.

Four sets of crab remains from the coastal North Peruvian archaeological sites of
Pacatnamu with approximate ages of 1000-1400 years bp (C. Donnan, pers. comm.)
were measured, The poor morphological preservation did not permit the determination
of species. The results of isotopic analysis are shown in Figure 6. The isotopic means,
standard deviations and ranges of the samples, regardless of age, are:
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Table 6. § values (%) of chitins from modern crustaceans sampled at the indicated
locations near archaeological sites diseussed in the text

T a1 C 815N S50 &
Pacatnamu, Peru
Panulirus gracilis - 155 -36 + 257 + 88
(family Palinuridae)
Pinnotherelia laevigata —150 +04 + 287 +30
(family Pinnotheridae)
Euphylax dovii ~-19-8 —71 +27-0 n.d.
(family Portunidae)
Callinectes arcuatus —14-2 +0-8 +263 +64

(family Portunidae)

Mayaguana Island, Bahamas

Cardisoma guanhumi —238 —23 +263 +98
(family Gecarcinidae)

1: B i Precision B tel g
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Figure 6. & values (%o} of chitin from crabs excavated in Peru at Pacatpamu.

§13C= —162+0-3%o, range (8%, N=4,;
SN =4+ 0:1+0:6%0, range 1-5%0, N=4;
S180 = 4+ 2861+ 0-6%0, range 1 7%, N=4,;
8D = 4864 5%, range 10%0, N=2.

These isotopic signatures match data on modern supralittoral crustaceans that are subject
to evapotranspiration effects and thus display more positive $'°0 values than fully
aquatic species (Schimmelmann & DeNiro, 1986¢). In fact, the beach near Pacatnamu
faces a cliff and is reported to be pebbly with abundant supralittoral crustaceans (C.
Donnan and D. McClelland, pers. comin.).

Finally, we measured the archaeological remains of the claw of a land crab, either
Gecarcinus lateralis or Cardisoma guanhumi (both family Gecarcinidae), excavated by
Sullivan (1981) in a cave on Middle Caicos Island in the Caribbean with an approximate

[
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age of 500-1250 years bp (E. Wing, pers. comm.), Biodegradation in this heavily calci-
fied material had proceeded to an extent that 3-03 g of untreated exoskeleton yielded '
only 19mg GIcN'HCIL. The isotopic results are: §'°C=—23-0%0, 8" N= —2-8%,,
8180 = +27-8%o, 8D = +86%o. Thissterresirial isotopic signature matches surprisingly
well with the results (Table 6) on a modern land crab from another island in the
Caribbean, Mayaguana, suggesting that the isotope ratios have been preserved in spite
of extreme and longlasting biodegradation.

Conclusions
Neither biological nor thermal partial degradation produced significant changes of
stable isotope ratios in arthropod chitin as measured in extracted D-glucosamine hydro-
chloride. Thus, archaeological and fossil chitins (for which electron microscopy indicates
the absence of fungal chitin) can be used for palacoenvironmental and palaeoclimatic
studies. Isotopic ratios of ancient chitins can be interpreted in light of the corresponding
values for contemporary chitins from well-characterized environments.
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