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Carbon isotope variations during ontogeny of Frasnian (Late Devonian)
conodont Mehlina gradata

A. V. Zhuravlev
Institute of Geology FRC Komi SC UB RAS, Syktyvkar, Russia

This study investigates the ontogenetic (growth-related) dietary shifts of the Frasnian conodont Mehlina gradata from
the East European Platform localities. While the morphological shape of P1 elements of this species remained remarkably
stable throughout its life, isotopic analysis revealed a significant correlation between the size of the element and its carbon
isotope composition. As the P1 elements grew larger, they showed an increase in 13C enrichment. This suggests that while
the feeding apparatus did not change shape, the trophic position did. Our results indicate that Mehlina gradata likely transi-
tioned to higher trophic levels such as more active predation or scavenging as it matured, demonstrating that morphologi-
cal stability does not necessarily imply ecological stasis.
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Bapuanyumu M30TOIIHOTO COCTaBa yIyiepoAa B OHTOreHe3e (hpaHCKUX
(mo3gHeaeBOHCKMX) KOHOAOHTOB Mehlina gradata
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[laHHoe nccnenoBaHne NOCBALLEHO M3YYEHUIO OHTOTEHETUYECKMX (CBS3aHHBIX C NpoLLeccaMm pocTa) TPodUYecknux CABUIOB
dpaHcknx KoHoJoHTOB Mehlina gradata w3 paspe3os BoctouHo-EBponerickor nnatdopmbl. Hecmotps Ha To uto Mopdonorus
P1-3nemMeHTOB 3TOro BWAA OCTaBanacb NPaKTMYECKM HEM3MEHHOW Ha NPOTSXKEHUM BCErO XXM3HEHHOTO LKA, U30TOMHbIN aHanu3
BbISIBUN 3HAUYMMYIO KOPPENALMIO MEXAY pa3MepoM 3/1EMEHTA U €ro M30TOMHbIM COCTaBOM yrnepoaa. C yBenmyeHmeM pa3mMepoB
371eMeHTOB Hab/opaetcs oboratieHne 13oTonom 13C. 3To No3BONSET NPEANONOKMUTb, YTO NPU COXPAHEHMM CTabUILHOM MOPdONOTUH
pOTOBOrO annapata Tpoduyeckas no3uumus opraHMamMa npetepresana U3MeHeHus. Pe3ynbTaThl yka3biBaoT Ha TO, 4TO MO Mepe
pocta Mehlina gradata, BeposTHO, nepexonmna Ha bonee BbICOKME TpodUUECKne YpoBHM (Hanpumep, K akTUBHOMY XULLHUYECTBY
unu noTpebneHunto naganu), AeMOHCTPUPYS TeM CaMbIM, UTO Mopdoniornyeckas ctabunbHOCTb He 0653aTeNnbHO BReYyeT 3a cobow

3KOJIOTMYECKMUIN CTa3UC.

KnioueBble cnoBa: K0HO00HMbI, OHMO2€EHE3, U30MOonbl y2aepoda, 3Koa02us

Introduction

Conodonts are a group of small free-swimming, prob-
ably nektic or nekto-planktic marine animals (Briggs et
al., 1983) that flourished during the Palaeozoic and be-
came extinct during the earliest Jurassic (Du et al., 2023).
The only mineralized parts of conodonts are tooth-like
phosphate elements (conodont elements) organized into
a bilaterally subsymmetrical feeding apparatus. The ap-
paratus organization is a trait of genus level, but the mor-
phology of P1 elements is a trait of species level in most
of the middle and late Palaeozoic conodonts.

The conodont genus Mehlina Youngquist, 1945 is char-
acterized by simple blade-like morphology of P elements
(Figure 1), and robust S and M elements (Youngquist, 1945).
P1 elements of this genus are composed of laterally com-
pressed fused denticles, and are slightly curved in both
the dorso-ventral and rostro-caudal direction. The basal
pit is small and has narrow flanks transforming into a

slightly inverted keel in the anterior and posterior pro-
cesses. The cusp is commonly reduced in mature speci-
mens (Figure 1). The morphology of P1 elements resem-
bles Class I symmetry of Lane (1968). The symmetrical
sinistral and dextral elements compose a pair with sup-
posed scissor-like biomechanics characteristic of the blade-
shaped P1 elements (e. g. Nicoll, 1987; Purnell and von
Bitter, 1992).

Due to accretional growth of elements, their size is
proportional to the individual age (e. g. Muller and Nogami,
1972). Consequently, ontogenetic changes are frequently
investigated based on element length (e. g. Zhuravlev,
1995; Plotitsyn and Zhuravlev, 2016).

Blade-form elements generally show minimal size-
shape dependence. Small elements possess a similar gen-
eral morphology as large elements of the same species.
Given this observed morphological stability, this study
aims to test a hypothesis: Does the trophic position of
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Fig. 1. Morphology of P1 elements of Mehlina gradata
Youngquist, 1945:
1 — schematic drawing of the P1 element (L — element length,
bc — basal cavity, k — keel); 2 — immature element, SEM image,
sample 1314/3, Buregi Beds; 3 — mature element, optic image,
sample 5132/1, Ilmen Beds (al — albid tissue, ¢ — cusp); 4 —
mature element, SEM image, sample 5102/7, Buregi Beds

Puc. 1. Mopdosnorust P1-anementoB Mehlina gradata
Youngquist, 1945:
1 — cxemaTnueckuit pucyHok P1-anemenra (L — oyimHa aneMeHTa,
bc — 6a3anbHas MOIOCTD, K — KMJTb); 2 — 3JIeMEHT Ha paHHe
craguy oHTorenesa, COM-usobpasxkeHue, 06p. 1314/3, 6yperckue
C710M; 3 — 27IeMEeHT Ha T03/IHe CTaZyyl OHTOTeHe3a, ONITUYecKoe
usobpaskeHne, 06p. 5132/1, unbmeHckue cyiou (al — anp6umHasT
TKaHb, C — [TIABHBI 3y6elr); 4 — 3leMeHT Ha MT03[IHe CTaaumn
oHTOreHesa, COM-usobpaskenne, 06p. 5102/7, 6yperckue ciou

Mehlina gradata undergo significant changes during its
ontogeny despite the lack of clear P1 element morphol-
ogy shifts?

Material and methods

The studied specimens originated from shallow-wa-
ter nearshore Frasnian sequences deposited on the
Northwest East European Platform, specifically within the
Main Devonian Field (Figure 2). The analyzed stratigraph-
ic interval encompasses conodont zones MN4 and MN6
across three geographically distinct localities: Shelon River,
Tchudovo, and Ilmen Lake (Figure 3). The stratigraphical
framework follows Zhuravlev (2022). The upper portion of
the Lower Frasnian, comprising the Tchudovo and Dubnik
beds, is biostratigraphically equivalent to the upper part
of the MN4 conodont Zone (Polygnathus reimersi local
Zone). The Tchudovo Beds are characterized by thin, rhyth-
mic alternations of clayey limestone and limy clay, while
the overlying Dubnik Beds consist of limy clays contain-
ing marl lenses and layers. The Middle Frasnian encom-

N60°

N58°

Fig. 2. Locality map of sections:
1 — Shelon; 2 — Ilmen; 3 — Tchudovo

Puc. 2. Cxema pacIionoskeHus1 pa3pe3oB:
1 — lllenoHsb; 2 — VnbmeHb; 3 — UynoBo

passes the Porkhov and Svinord beds, which correlate with
the MN5 conodont Zone (Polygnathus pollocki local Zone),
as well as the Ilmen and Buregi beds, corresponding to the
MN6 conodont Zone (Polygnathus ilmenensis local Zone
and Polygnathus efimovae local Zone, respectively). The
Porkhov and Svinord beds consist of alternating clayey
limestone and limy clays. In contrast, the Ilmen Beds are
composed of silty clays with intercalated thin limestone
and silt layers, whereas the Buregi Beds consist of shelly
limestones. The study specimens of Mehlina gradata came
from the Tchudovo, Dubnik, Ilmen, and Buregi beds
(Figure 3).

The P1 elements of Mehlina gradata were studied
with a number of analytical techniques, including mor-
phological investigations with scanning electron micros-
copy (SEM) and optic microscopy, simple biometry (7 con-
odont elements), trace element analysis (8 conodont el-
ements), and C-isotope geochemistry (20 conodont ele-
ments). Because most of the isotopically analysed con-
odont elements are fragmented, it is impossible to
accurately determine their original length. SEM imaging
in secondary electron mode was employed for morpho-
logical assessment (Figure 1). Standardized measurement
of Plelement includes element length and number of den-
ticles (Figure 1).

The trace element analysis was performed on albid
tissue that demonstrates most homogenous composition
among conodont hard tissues. Strontium-to-Calcium ra-
tios (Sr/Ca) as well as content of P and F in the albid tis-
sue were determined using energy-dispersive X-ray spec-
troscopy (EDX) coupled with a VEGA3 TESCAN micro-
probe. Four chemical elements (Ca, Sr, P, and F) were an-
alyzed per counting cycle at an accelerating voltage of
20 kV, emission current of 78—88 mA, and a probe diam-
eter of 190—290 nm. Sample standards include wollas-
tonite for Ca, GaP for P, fluorite for F, and SrF, for Sr.

Analysis of carbon isotope composition (§13Ccon) was
performed on P1 elements (CAI = 1) following method de-
scribed earlier (Zhuravlev, 2023). The §!3Ccon values were
determined by a DELTA V Advantage mass spectrometer
equipped with a Thermo Electron continuous flow inter-
face (ConFlo IIT) and an elemental analyser (Flash EA 1112)
(CKP Geonauka, Syktyvkar). Carbon dioxide produced by
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Fig. 3. Stratigraphic correlation of study sections.
Legend: 1 — limestones; 2 — clayey limestones; 3 — clays; 4 — silts and silty sands. The numbers indicate samples

Puc. 3. Crpaturpaduyeckast KOppesius U3yueHHbIX pa3pe3os.
VeroBHbIe 0603HaUeHNMsT: | — M3BECTHSKY; 2 — IIMHUCTbIE U3BECTHSIKN; 3 — TJIMHBI; 4 — aJIeBPUTHI U aJIeBPUTUCTHIE TIECKU

high-temperature (900 °C) combustion of conodont ele-
ments in oxygen was analysed. At this temperature, both
carbon from organic matter and carbon from hydroxyap-
atite are converted to carbon dioxide (Zhuravlev, 2023).
The 313C values are given in ppm relative to the VPDB
standard. The international standard USGS-40 (L-glutamic
acid) is used for calibration. The error of the §13C deter-
mination is +0.15%o.

Results

P1 element length of the study specimens of Mehlina
gradata range from 0.4 mm to 1.0 mm. The number of den-
ticles varies from 11 to 18 that correspond to original de-
scription of the species (Youngquist, 1945). Morphological
analysis indicates that the general blade-form morphol-
ogy and small basal pit are maintained throughout ontog-
eny, while the P1 element shows minimal variation in
shape — only an increase in size and number of denticles
occur between early and late developmental stages (Figure
1). The number of denticles is proportional to the element
length (Figure 4) (n=7, R2=0.805).

Mean Sr/Ca (mol/mol) in albid tissue is about 0.007
(n=8, Standard deviation 0.005) (Table 1). It is slightly
higher than mean Sr/Ca of other Frasnian conodonts from
the same localities (about 0.004, n=17, Standard deviation
0.002) (Figure 5).

C-isotope composition of P1 elements of Mehlina gra-
data varies from —31.9 %o to —24.7 %o. Mean §13Ccon val-
ue is of —27.4 %o (n=20, Standard deviation 1.993). The
biometrically studied seven specimens show 313Ccon val-
ues ranging from -30.1%o to —24.7 %o with the mean val-
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Fig. 4. Correlation of P1 element length (L) and number
of denticles in study specimens of Mehlina gradata

Puc. 4. Koppensuus nanHbl P1-3nemenTa (L) 1 KonuuecTBa
3y0II0B y M3YUEHHbBIX 9K3eMILIIpoB Mehlina gradata

ue is of —27.3 %o (n=7, Standard deviation 1.881) (Table 2).
Element length and C-isotope composition show signifi-
cant positive correlation (n=7, R% = 0.8689, p=0.0022) that
is independent on stratigraphic position of the study spec-
imens (Figure 6). Mean values for MN4, MN5, and MN6
zones vary insignificantly (Figure 7).

The combination of a relatively high Sr/Ca ratio paired
with lower mean 513Ccon suggests that Mehlina gradata
may have occupied a comparatively low trophic level (Shirley
et al., 2018; Zhuravlev, 2023).

22



Vestnck of Geasccences, May , 2026, No. 5 %{&

g
0.018 - S
2 (2]
= 2
0.016 - *~— 3
C
(o]
[$]
0.014 - =
c
(2]
©
0.012 - -
—~ [0]
E 5
S 0010 - °
o
£
©
S 0.008
[7p]
0.006 -
0.004 -
0.002 -
0.000

Fig. 5. Distribution of Sr/Ca ratios in Mehlina gradata and

other Frasnian conodonts from the same localities. Boxes rep-

resent the 25—75 % interquartile range, with the horizontal

line indicating the median. Whiskers represent minimum and

maximum values; individual points correspond to specific
Sr/Ca values of specimens

Puc. 5. Pacnipenenenue cootHouienust Sr/Ca 'y Mehlina gradata

U OpYyTUX (PpaHCKUX KOHOAOHTOB B M3yUEeHHbBIX paspesax.

[IpSIMOYTONTBHUKY OTPAHMYMBAIOT MHTEPKBAPTUIbHBIN UHTED-

BaJs1 25—75 %; ropM30HTAIbHAS IMHNS OTMEUaeT MeJMaHHOe

3HauyeHMe. 3aCeUKM COOTBETCTBYIOT MMHUMAIbHBIM U MaK-

CYMaJIbHbIM 3HaUEHMSIM, & TOUKM OTBEUAIOT 3HAUYEHMSIM
Sr/Ca [ OTIoe/TbHBIX 9K3eMILISIPOB
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Fig. 6. Bivariate plot of element length (L) versus carbon iso-
tope composition of conodont elements of Mehlina gradata
from the MN4 and MN6 conodont zones

Puc. 6. I'paduk cooTHOmEHMS IIMHBI 3nemMeHTa (L) U n30-
TOITHOTO COCTaBa yIJIepo/ia KOHOJOHTOBbIX 3JIEMEHTOB [IJIST
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Fig. 7. Stratigraphic distribution of carbon isotope compo-

sition of conodont elements of Mehlina gradata across the

MN4, MN5, and MN6 conodont zones of the study region.

Boxes represent the 25—75 % interquartile range, with the

horizontal line indicating the median. Whiskers represent

minimum and maximum values; points correspond to indi-
vidual sample values

Puc. 7. Crpaturpaduyeckoe pacrpeneneHue M30TOIMHOTO
COCTaBa yIiepofia KOHOZOHTOBBIX 371eMeHTOB Mehlina gradata
B KOHOJJOHTOBBIX 30HaxX MN4, MN5 1 MN6 n3yueHHOTO peru-
oHa. [IpsIMOYTObHUKY OTPAaHUUMBAIOT MHTEPKBAPTUIbHBIN
MHTepBaN 25—75 %; rOpu30HTAIbHAS IMHUST OTMEeYaeT MeIy-
aHHOe 3HaueHMe. 3aCeYKy COOTBETCTBYIOT MUHMMAaAbHbIM
Y MaKCUMMabHbIM 3HaU€HUSIM, & TOUKM OTBEUAIOT 3HAaUeHUSIM
JLIS1 OTA,e/IbHBIX 9K3eMILISIPOB

Discussion

The range of §13Ccon variations in the studied spec-
imens of Mehlina gradata is about 7 %o, but Sr/Ca ratio
ranges from 0.002 to 0.016 mol/mol (Tables 1, 2). Notably,
these variations occur in rather small parts of the paleo-
basin and in the short time intervals. For example, varia-
tions of §13Ccon values within a single sample (sample
5110/3) reach approximately 4 %o (Table 2). The positive
correlation between §13Ccon values and P1 element length
suggests a clear ontogenetic trend: larger elements are as-
sociated with higher §13C values. Due to a small number
of studied specimens (seven P1 elements) this is a prelim-
inary finding that warrants further investigation with larg-
er sample sets.

By analogy with modern low vertebrates, it can be
supposed that the ontogenetic 13C enrichment of miner-
alized tissue in Mehlina gradata was caused by ontogenet-
ic dietary shifts (e. g., moving to higher trophic levels),
habitat transitions (e. g., migrating from inshore nurser-
ies to offshore adult habitats), and metabolic changes that
alter the balance of respired and environmental carbon
incorporated into the tissue (e. g. Carlisle et al., 2015;
Sakamoto et al., 2023; Diaz-Delgado et al., 2026).

The lack of locality and facies control on the onto-
genetic variations of §13Ccon in Mehlina gradata in study
material suggests that habitat and migration patterns
probably played an insufficient role in these variations.
Metabolic effects remain a theoretical possibility. High
metabolic rates in younger, faster-growing individuals
could lead to a greater proportion of metabolic (respired)
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Table 1. Composition of P1 and P2 elements of Mehlina gradata

Tao6smra 1. CoctaB P1- u P2-anemenTtoB Mehlina gradata

Sample Taxon / TAKCOH Tissue F P Ca Sr Sr/Ca
O6paserr TkaHb (mol %) (mol %) (mol %) (mol %) (mol/mol)
F2-0 Mehlina gradata albid 5.19 13.68 22.84 0.16 0.007005
F2-0 Mehlina gradata albid 3.97 14.06 23.23 0.11 0.004735
G22-12 Mehlina gradata albid 4.72 18.06 38.3 0.40 0.010444
G22-12 Mehlina gradata albid 5.88 18.24 38.86 0.62 0.015955
5132/1 Mehlina gradata albid 4.99 14.95 24.75 0.12 0.004848
5102/2 Mehlina gradata albid 6.44 14.63 2491 0.12 0.004817
5102A-2 Mehlina gradata albid 4.93 14.92 25.11 0.07 0.002788
5102A-2 Mehlina gradata albid 4.90 14.72 24.06 0.06 0.002494
Table 2. C-isotope composition of the P1 elements of Mehlina gradata
Ta6smua 2. Vi3oTomnHblii cocta yriepona P1-snementoB Mehlina gradata
Sample / O6paser, Zone / 30Ha L (mm) 813Ccon (%o, VPDB) Taxon / TakcoH
5156/6 MN4 0.44 -28.7 Mehlina gradata
8/50P MN4 n/a -24.7 Mehlina gradata
5174a/2 MN4 n/a -27.6 Mehlina gradata
CH-1-1 MN4 0.75 -26.5 Mehlina gradata
CH-1-6 MN4 n/a -25.5 Mehlina gradata
F-5-1 MN5 n/a -27.1 Mehlina gradata
F-5-5 MN5 n/a -26.9 Mehlina gradata
1314/3 MN6 n/a -26.5 Mehlina gradata
5102/4 MN6 n/a -30.6 Mehlina gradata
5102A-2 MN6 n/a -26.8 Mehlina gradata
5103/10 MN6 n/a -27.2 Mehlina gradata
5103/10 MN6 n/a -27.1 Mehlina gradata
5103/10 MN6 n/a -26.8 Mehlina gradata
5110/3 MN6 n/a -26.0 Mehlina gradata
5110/3 MN6 0.70 -26.0 Mehlina gradata
5110/3 MN6 0.47 -30.1 Mehlina gradata
5110/3 MN6 0.51 -28.6 Mehlina gradata
5132/0 MN6 n/a -31.9 Mehlina gradata
F2-0 MN6 n/a -27.3 Mehlina gradata
G22-12 MN6 1.03 -24.7 Mehlina gradata
G22-12 MN6 0.78 -26.3 Mehlina gradata

carbon being incorporated into the mineralized tissue
compared to environmental carbon. Because respired car-
bon is typically 13C-depleted, this could result in lower
813C values in early life stages. However, as the metabol-
ic peculiarities of conodont biomineralization remain un-
known, we cannot definitively evaluate “vital effects” on
813Ccon values. The most probable cause of the observed
variations is dietary diversity, a hypothesis further sup-
ported by the wide range in Sr/Ca ratios.

The positive correlation found between element length
(as individual age proxy) and §!3Ccon values indicates on-
togenetic dietary shifts that transcend simple morpholog-
ical stability. Early life stages were probably associated
with feeding at a lower trophic level than those observed
in mature individuals, suggesting an adaptive shift toward
a predatory or scavenging lifestyle as the conodont grew.
These findings support the hypothesis that despite main-

taining a consistent shape of P1 elements, Mehlina grada-
ta exhibited dynamic trophic plasticity throughout its life
cycle. In general, Mehlina gradata shows wide range of §13C
variations among individuals and ontogenetic trends sim-
ilar to modern small fishes occupying low trophic level
(Sakamoto et al., 2023).

Similar changes in trophic position during ontogeny
have been reconstructed for blade-form Ozarkodina con-
fluens (Branson et Mehl, 1933) on the basis of Sr/Ca ratio
(Shirley et al., 2018). In contrast, conodonts bearing coni-
form elements in the apparatus, such as Panderodus equico-
status (Rhodes, 1953) and Proconodontus muelleri Miller,
1969, show lack of substantial variations in trophic level
during ontogeny (Leonhard et al., 2021). Probably, an on-
togenetic trend in trophic position may be a common fea-
ture of conodonts possessing blade-form elements in P1
position.
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These findings suggest that P element morphology
cannot be used as a main trait for reconstructing the po-
sition of conodonts in a trophic web. The study of the Late
Devonian Palmatolepis provided further evidence of the
weak relationship between the morphology of P elements
and trophic position (Goudemez et al., 2026). Notably, the
calcium stable isotope ratio in conodont elements (as a
trophic level proxy) remained unchanged in Palmatolepis,
despite significant modifications in element morphology
during the Famennian (Goudemez et al., 2026).

Conclusions

The substantial range of §13Ccon values strongly sug-
gests that Mehlina gradata utilized a diverse and varied
food source throughout its life despite of morphological
stability of P1 elements. This trophic variability challeng-
es the interpretations of feeding ecology based only on
morphology of P1 elements. Element size may play a prin-
cipal role in trophic specialization of conodonts.

The research was conducted as part of government-fund-
ed project 122040600008-5.
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