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The proportion of blue carbon contribution by benthic fauna with regard to climate change issue is a
relevant topic recent times. The present study is focusing on the carbon potential and blue carbon
contribution of meiobenthic nematodes in the intermediate zone of Arctic Kongsfjord during 2015–2017
and the study is the Brst of its kind from this region. Foraminifera and Nematoda were the dominant
fauna in 2015; whereas it was Foraminifera in 2016 and Tintinnida and Nematoda in 2017. Significant
difference was noticed in the community structure of meiofauna in this three consecutive years. Twenty
six nematodes were identiBed from the intermediate zone and their individual carbon potential and total
blue carbon during the above-mentioned period is estimated. Parasphaerolaimus paradoxus (7.14 ± 0.05
lg/mg) recorded the highest carbon potential and the lowest value was recorded in Terschellingia
longicaudata (0.11 ± 0.3 lg/mg). The sediment factors such as sediment granulometric composition,
salinity, pH, Eh and total organic carbon (TOC) were the leading factors inCuencing the meiofaunal
distribution as well as the distribution of nematodes based on carbon potential in the intermediate zone.
Investigation of blue carbon deposition by nematodes turned out to be relevant in mitigating the climatic
change as the fjord has a tranquil nature.
Keywords. Arctic; Kongsfjord; meiofauna; nematode; carbon sequestration.

1. Introduction
Issues of global warming and climate change are
the prime environmental challenges that the world
is facing these days. Global warming has the most
adverse eAect in Arctic (North Pole), where it

takes place in the most rapid rate of warming with
dramatic eAects such as shrinking of glaciers, ice
caps, ice sheets and permafrost (Thomasy 2020).
Carbon dioxide (CO2) is the most significant of the
greenhouse gases causing warming. Therefore, it is
vital to monitor the CO2 Cux in Arctic systems.
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One of the primary pathways for the exchange of
carbon dioxide (CO2) takes place between the
atmosphere and the oceans. Oceans acts as the
largest sink that tends to remove CO2 from the
atmosphere. Carbon reaching the ocean Coor (biological cycle) is buried in the sediment as blue
carbon and therefore, sequestered from the atmosphere for millions of years (Nellemann et al. 2009;
Gordon et al. 2011); whereas long-term studies
have measured the carbon stored in the seabed, the
bottom-trawler Bshing that significantly reduces
the rate of carbon sequestration (Thompson et al.
2017). A third pool of carbon is dynamically stored
in the biomass of the benthos (Klages et al. 2004).
The benthic carbon storage and sequestration
endorses beneBts to society as ‘blue carbon’
through its mitigation to manage climate change
(Barnes et al. 2019) even though the eAects of
removing benthic organisms is poorly understood
by science (Thompson et al. 2017). Meiofauna play
an inevitable role in carbon cycle through, assimilating the detrital carbon and subsequently mineralize organic carbon to carbon dioxide (Findlay
and Tenore 1982) and make it available to next
tropic level. In the aspect of rapid climate change,
the fate of the Arctic Ocean carbon cycle and the
amount of blue carbon contribution are of global
importance (MacGilchrist et al. 2014).
Kongsfjord is an arm of Arctic Ocean which is a
glacial, open Arctic fjord located on the west coast
of Spitsbergen at 72°N; 12°E, inCuenced by Arctic
and Atlantic water masses. Kongsfjord will be a
crucial Arctic monitoring site over the coming
decades and a review of the current knowledge is
essential (Wiencke and Hop 2016). Arctic Ocean
has been studied extensively in many ecological
aspects, even though studies on the role of carbon
cycle are only in its initial phase. Meiobenthic
communities of the Arctic Kongsfjorden–Spitsbergen are dominated by nematodes and foraminiferans. From our previous study (Krishnapriya et al.
2018), it is clear that the carbon potential and
sequestration capacity of nematodes is higher than
any other meiofaunal groups. Mineralisation and
remineralisation of carbon, sequestering and
redistributing minerals and energy are the main
functions of nematodes in the soil food web.
Although oceans store most of the earth’s carbon,
soil contains *75% of the carbon pool on land –
three times more than the amount stored in living
plants and animals (Schlesinger 1999). The carbon
sequestration studies on nematodes are very limited, except Andrassy (1956), Salonen (1979),
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Jensen (1984), Findlay and Tenore (1982) and
Moens et al. (2002, 2007). The organic carbon
assimilation and its utilization by the nematodes
would be supposed to inCuence the physico-chemical and ecological characteristics of the fjord.
Though the intermediate zone is highly dynamic
and inCuenced by both the glaciers and ocean
input, we focused the study only on the intermediate zone. However, this study provides an insight
into the physico-chemical characteristics of sediment, meiofaunal community, nematode carbon
potential and the carbon contribution of nematodes to the blue carbon sink in the intermediate
zone of Arctic Kongsfjord in 2015–2017 period.
2. Materials and methods
2.1 Physical settings of the study area
and sampling location
Study area is the intermediate zone of the Arctic
Kongsfjorden system. The two stations (station 1:
78°57.2160 N, 12°10.5270 E; station 2: 78°56.4620 N,
11°57.2950 E) coming in the intermediate zone
during our Indian Arctic expeditions were selected
as sampling location (Bgure 1). Kongsfjorden is
located on the west coast of Spitsbergen Island
which is part of the Svalbard archipelago at 79°N
and 12°E. The fjord is 26 km long with an average
width of 8 km and its entrance lacks a sill (Kotwicki et al. 2004). The length of the fjord coastline
is 89.6 km of which 15.9 km is covered by
Kongsbreen – the most active glacier (Kotwicki
et al. 2004). The depth of the fjord gradually
decreases towards the end from 360 m in the outer
basin to *60 m in the inner basin. However, there
are some deeper depressions to about 400 m in the
middle of the fjord. The central basin of the fjord is
up to 428 m deep (Elverhoi et al. 1983). Kongsfjorden is a high latitude glacial fjord (79°N)
inCuenced by both Atlantic and Arctic water
masses. Atlantic water masses which inCuence
Kongsfjorden are comprised of the West Spitsbergen Current, a branch of the warm (40°C) and
the highly saline (35 psu) Norwegian Current
(Loeng 1991). Due to the fact that Kongsfjorden is
an open fjord, both water masses make this fjord
rather sub-Arctic rather than Arctic in comparison
with other fjords at the same latitude (Svendsen
et al. 2002). Kongsfjorden is frozen during winter
but open and inCuenced by the warmer and more
saline Atlantic waters during summer (UrbanMalinga et al. 2005). This inCow will have a direct
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Figure 1. The study area – Arctic Kongsfjord (intermediate zone).

eAect on the water and sediment quality and the
benthic fauna.
Inputs from large tidal glaciers create a steep
environmental gradient in sedimentation and
salinity along the length of this fjord. Based on
species distribution, substrate and the overriding
environmental gradient, Kongsfjorden is divided
in to four zones: inner, transitional, middle and
outer zones (Hop et al. 2002). The outer fjord is
inCuenced by oceanic conditions and the inner
fjord is inCuenced by large tidal glaciers (Svendsen et al. 2002). In this study, the intermediate
zone (includes transitional and middle zone) of
the Kongsfjorden has been thoroughly investigated for the deeper analysis of the sequestration
potential of meiobenthic nematodes. It was
expected that the unique properties of intermediate zone would have an environmental impact on
the ecology of benthic fauna. Because this area is
under the inCuence of glaciers and ocean currents,
it is the most changeable area of the fjord. The
most prominent change in species composition
and salinity variations are some of the noted
features of intermediate zone and thereby considered as an integrated comprehensive monitoring
site (Gabrielsen et al. 2009).
2.2 Collection, processing and quantitative
analysis of samples
The sediment and meiofaunal samples were collected as part of the Indian Arctic expeditions –
summer phase group I from 22 June 2015 to 23 July
2015, summer phase group III from 08 September

2016 to 26 September 2016 and summer phase
group II from 17 July 2017 to 22 August 2017 at
Ny-
Alesund Himadri station at Spitsbergen, Norway, which is a part of the International Arctic
Research base, Ny-Alesund. As a part of the
expedition, samples were collected from seven
stations, out of which two stations were in the
intermediate zone. ‘Teisten’ of Kings Bay was the
boat employed for collecting samples from the
selected transects. The samples for benthic studies
and subsamples for granulometry analysis were
taken at each station with van Veen grab (KC
Denmark A/S) of 0.1 m2 catching area. To minimize the bow-wave eAect, the grab has been lowered gently to the sea bottom (Blomqvist 1991).
Duplicate meiofaunal samples were collected from
three different grab samples using a glass corer
with an area of 4.997 cm2 to a depth of 5 cm.
Samples were Bxed with buAered formalin (4%)
and stained with Rose Bengal (Pfannkuche and
Thiel 1988). Organisms were extracted from the
sediment using sieving and decantation techniques
(Higgins and Thiel 1988). Meiofauna passing
through a 1-mm sieve, but retained on a 63-lm
were counted and identiBed as higher taxonomic
groups under a stereo-microscope (Olympus-Magnus MS 24) (Coull 1988; Greiser and Faubel 1988;
Giere 2009). The higher taxonomic groups were
processed through a series of different grades of
ethyl alcohol after sorting and Bnally impregnated
in anhydrous glycerine. The sorted nematodes were
destained by keeping them in lactic acid for 2–3
hrs. Permanent mounts of nematodes were prepared by following the Seinhorst’s method (1959)
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and parafBn wax-ring method (de Maesneer and
d’Herde 1963). The labelled slides were used for
further examination using various types of microscopes (de Maesneer and d’Herde 1963). IdentiBcation of nematodes was done to the lowest
taxonomic level possible by following the standard
pictorial keys and specialized literatures (Platt and
Warwick 1983, 1988, 1998; Abebe et al. 2006;
Schmidt-Rhaesa 2014). Necessary measurements of
the specimens were taken using image analyzer–Scope Tek x86. Total length and maximum
width of the nematodes were measured. In male
specimens, maximum width was taken from the
middle of oesophagus; while in female specimens, it
was measured from the vulva. Photographs were
taken with a Leica DFC450 C digital camera
mounted on Leica DM6 B microscope with DIC.
According to shape of the buccal cavity and feeding
type, nematode species were attributed to four
feeding categories (Jensen 1987) and the yearly
variation in the carbon contribution was estimated.
The number of nematode species identiBed, biomass and carbon potential/contribution from the
core samples were converted into ind./10 cm2 and
lg/10 cm2, respectively, by multiplying with the
conversion factor according to the area of the corer.
The measurements of the nematodes were based on
De Man’s ratio for expressing certain relative
measurements as adopted by Jensen (1978,
1979, 1984). Mean individual nematode biomass of
each sample was estimated according to Andrassy’s
formula (1956).

1974). Using the thermal combustion method
(TOC, analyser (Analytik Jena multi N/C 2100s)),
total carbon (TC), total organic carbon (TOC) and
inorganic carbon (IC) fractions of dried samples
have been determined. For removing the carbonates, samples for IC were pre-treated with
hydrochloric acid (HCl).

Wet weight ðlgÞ ¼ Length ðlmÞ
 width2 ðlmÞ=1600000:

The sediment samples from the intermediate zone
of Arctic Kongsfjord in the three consecutive years
2015, 2016 and 2017 were analyzed. Average depth
of the intermediate zone was comparatively higher
(149 ± 152.73 m) in 2017 than 2015 (107.5 ± 55.86
m) and 2016 (100 ± 57.98 m). Sediment pH was
higher (6.45 ± 0.6) in 2017, whereas in 2015 and
2016 it depicted minimum variation (5.525 ± 0.51
and 5.435 ± 0.035). Oxidation reduction potential
(Eh) was higher (1 ± 0.01) in 2015 and lower
(–0.5 ± 2.12) in 2017. Salinity did not reCect major
variation between the years and the values were
34.25 ± 0.21 PSU (2015), 34.78 ± 0.005 PSU
(2016) and 34.565 ± 0.45 PSU (2017). Moisture
content of the sediment was slightly higher in 2017,
5.7% followed by 2015, 5.57% and 2016, 5.22%. In
the granulometric composition of sediment, silt
dominated in 2015 (65.55%) and 2017 (76.39%)
while clay was the dominating factor in 2016
(51.69%). Both TC (61.22 ± 0.45 g/kg) and TOC

Nematodes wet weights were converted to carbon
biomass by assuming that 100% wet weight corresponds to 12.4% carbon weight (Jensen 1984).
2.3 Sediment characteristics
Sediment pH and oxidation reduction potential
(Eh) (mv) were measured using a Systronics analzser No. 371 (accuracy ± 0.01) and Systronics,
analyzer No. 371, respectively. Salinity (PSU) and
depth (m) were measured using Portable SBE19
plus CTD. Drying a known quantity of sediment
samples at a uniform temperature (100°C) provide
the moisture content, which is an important factor
determining the distribution of meiobenthic
organisms. Sediment granulometric analysis was
done using international pipette method (Folk

2.4 Data analysis
PRIMER v6.1.6 (Plymouth Routines in Multivariate Ecological Research, Version 6.1.6) (statistical software package) was used for the
multivariate analysis of data (Clarke and Gorley
2006). A variation pattern in community structure
of meiofauna was evaluated by multivariate
methods such as analysis of similarity (ANOSIM).
The multivariate technique, principal component
analysis (PCA) of the available set of environmental parameters was used to emphasis the
environmental variation and brings out significant
patterns in the dataset from the intermediate zone
of Kongsfjord. Canonical correspondence analysis
(CCA) was done using PAST4.02 software to
determine the most inCuencing environmental
factors on the distribution of nematode species
based on carbon potential.
3. Results
3.1 Sediment characteristics
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were high in 2016 (22.075 ± 0.14 g/kg), however,
IC (14.95 ± 0.44 g/kg) was high in 2015 (Bgure 2).
Correlation circle (PCA) for the sediment quality analysis in the intermediate zone of Arctic
Kongsfjord for 2015, 2016 and 2017 had done. In
the PCA, for Brst two principal components
accounted for 77.1% of variability in environmental conditions, with 46.3 on axis 1 (eigenvalue value
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5.09) and that for axis 2 was 30.8% (eigenvalue
value 3.39), in environmental conditions over the
two stations in 3 years (Bgure 3). Sand, TC and
TOC were the most important determinants of
differences between stations along the Brst axis,
whereas salinity, clay and Eh were inCuential along
axis 2. Within the determinants, salinity displayed
significant correlation. In 2015, both stations show

Figure 2. Sediment characteristics in the intermediate zone of Arctic Kongsfjord, 2015, 2016 and 2017. (a) Depth, (b) salinity,
(c) pH and Eh, (d) moisture, (e) granulometric composition, and (f) TC, IC and TOC.
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identiBed, of which Dorylaimopsis sp. (73%) was
the dominant species followed by Dorylaimopsis
punctata (7%), Sabatieria sp. (7%) and Terschellingia longicaudata (5%). In 2016, also 15
species were noted in which Dorylaimopsis sp.
(79%) dominated, followed by Sabatieria sp. (8%)
and Terschellingia longicaudata (3%). Out of 18
species, Terschellingia sp. (37%) was the dominant
one in 2017, followed by Dorylaimopsis sp. (32%),
Halalaimus sp. (13%) and Terschellingia longicaudata (9%). Dorylaimopsis sp. (53%) had the highest
mean percentage abundance in the intermediate
zone in the three consecutive years.

Figure 3. Correlation circle for sediment quality analysis in
the intermediate zone of Arctic Kongsfjord, 2015, 2016 and
2017.

significant correlation to clay and IC, whereas in
2016, clay and OC were the main inCuencing factors. Moisture, IC, depth and pH were highly
inCuencing the stations in 2017.
3.2 Meiofauna: Composition and abundance
Five meiofaunal groups constituted the intermediate zone of Kongsfjord during 2015, including
Nematoda, Foraminifera, Kinorhyncha, Oligochaeta and Tintinnida. Both foraminiferans
(2228 ± 650 ind./10 cm2) and nematodes
(2226 ± 528 ind./10 cm2) were the numerically
dominant taxon. Seven meiofaunal groups were
recorded in 2016, including Nematoda, Foraminifera, Tintinnida, Kinoryncha, Bivalvia,
Polychaeta and Ostracoda. Foraminiferans
(680 ± 38 ind./10 cm2) were the dominant taxon
followed by nematodes (255 ± 24 ind./10 cm2) and
Kinorynchs (32 ± 8 ind./10 cm2). In 2017, six
meiofaunal groups namely, Nematoda, Tintinnida,
Harpacticoid copepoda, Ostracoda, Foraminifera
and Kinoryncha were recorded. Tintinnids
(578 ± 150 ind./10 cm2) and nematodes
(556 ± 146 ind./10 cm2) were the dominant taxon
followed by foraminiferans (431 ± 80 ind./10 cm2)
(Bgure 4). According to the ANOSIM analysis, the
structure of meiofaunal community varied significantly in this three consecutive years 2015, 2016
and 2017 (Global R = 0.556, P = 0.067).
From the intermediate zone of Arctic Kongsfjord, 26 nematodes have been identiBed during the
present study. In 2015, 15 nematodes have been

3.3 Carbon potential of nematodes and
its contribution to ‘blue carbon’
in the intermediate zone of the fjord
The carbon potential of individual nematodes and
the amount of total carbon sequestered by nematodes in the intermediate zone of Arctic Kongsfjord
have been calculated in the study. It was found
that, among the 26 nematode species, Parasphaerolaimus paradoxus (7.14 ± 0.05 lg/mg) has
the highest carbon potential, followed by Parasphaerolaimus sp. (6.445 ± 0.13 lg/mg) and
Sphaerolaimus sp. (5.14 ± 0.25 lg/mg). The lowest values were recorded in Terschellingia sp.
(0.11 ± 0.42 lg/mg) and Terschellingia longicaudata (0.11 ± 0.3 lg/mg) (Bgure 5).
After the death and decay of nematodes, the
carbon in their body will be contributed to the
fjord bed as blue carbon (table 1). The total blue
carbon contribution by the nematodes in the three
consecutive years was calculated. In 2015, Dorylaimopsis sp. had the highest carbon contribution
(326.51 ± 2.35 lg/10 cm2), followed by Sabatieria
sp. (38.61 ± 0.4 lg/10 cm2) and Dorylaimopsis
punctata (34.34 ± 0.4 lg/10 cm2). Lowest contribution was noted in Sabatieria elongata
(0.67 ± 0.02 lg/10 cm2) (Bgure 6). In 2016,
Dorylaimopsis sp. contributed higher amount of
carbon (348.04 ± 4.2 lg/10 cm2) to the sediment, followed by Parasphaerolaimus paradoxus
(103.95 ± 2.05 lg/10 cm2) and Sabatieria sp.
(42.9 ± 1.03 lg/10 cm2). Viscosia glabra (0.076 ±
0 lg/10 cm2) have the least contribution (Bgure 7).
In 2017, Dorylaimopsis sp. (426.97 ± 10.53 lg/
10 cm2) had the highest carbon contribution,
followed by Halalaimus sp. (85.26 ± 3.12 lg/
10 cm2) and Terschellingia sp. (30.58 ± 2.78 lg/
10 cm2). Neochromadora sp. (0.78 ± 0 lg/10 cm2)
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Figure 4. Percentage abundance of meiofauna in the intermediate zone of Arctic Kongsfjord, (A) 2015, (B) 2016 and (C) 2017.

Figure 5. Carbon potential of the individual nematode species identiBed from the intermediate zone of Arctic Kongsfjord, 2015,
2016 and 2017.
Table 1. Carbon contribution of nematode feeding groups in the intermediate zone of Arctic
Kongsfjord.
Feeding groups
Year

Epistrate feeders
(lg/10 cm2)

Deposit feeders
(lg/10 cm2)

2015
2016
2017
Total

402.4158
407.1336
461.3701
1270.919

47.6751
132.212
185.1528
365.0399

±
±
±
±

20.65
10.78
20.03
51.46

±
±
±
±

1.52
1.03
1.89
4.44

Predators
(lg/10 cm2)
0.846
4.82
14.46
20.126

±
±
±
±

0.26
0.04
1.36
1.66

Scavengers
(lg/10 cm2)
1.3156 ± 0.89
0.417 ± 0
11.8 ± 1.43
13.5326 ± 2.32
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Figure 6. Total carbon contribution of nematodes in the intermediate zone of Arctic Kongsfjord, 2015.

Figure 7. Total carbon contribution of nematodes in the intermediate zone of Arctic Kongsfjord, 2016.

had the lowest carbon contribution (Bgure 8).
Year-wise details of the number of nematodes
identiBed, morphometry (length and width), biomass and total carbon contributions are listed in
tables 2–4. Photographs of some major nematode
species with morphometry (length and width) are
given in Bgure 9. Total carbon contribution by
nematodes in the intermediate zone was higher in
2017 (689.67 ± 28.55 lg/10 cm2) and lower in
2015 (491.19 ± 5.3 lg/10 cm2) (Bgure 10).

Carbon contribution of each nematode feeding
group varies according to years. Epistrate feeders
have
the
highest
carbon
contribution
2
(1270.92 ± 51 lg/10 cm ) and the lowest was
observed in scavengers (13.53 ± 2.32 lg/10 cm2)
(table 1).
The canonical correspondence analysis (CCA)
showed that variation in nematode distribution
based on carbon potential was related to the sediment characteristics. In 2015 analysis, the

Page 9 of 15 138

J. Earth Syst. Sci. (2021)130:138

Figure 8. Total carbon contribution of nematodes in the intermediate zone of Arctic Kongsfjord, 2017.
Table 2. Morphometry, biomass and carbon contribution of nematode species from the intermediate zone of Arctic Kongsfjord,
2015.
Sl. no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Species

No. of
species

Length (lm)

Dorylaimopsis punctata
Dorylaimopsis sp.
Halalaimus sp.
Halichoanolaimus robustus
Parasphaerolaimus sp.
Sabatieria elongata
Sabatieria ornata
Sabatieria praedatrix
Sabatieria sp.
Sphaerolaimus gracilis
Parasphaerolaimus paradoxus
Terschellingia longicaudata
Thoracostoma coronatum
Thoracostoma setosum
Viscosia sp.

18
182
4
8
2
2
2
2
18
2
2
14
2
2
4

3490 ± 3.29
2402 ± 8.35
2433 ± 5.26
1648 ± 2.85
2050 ± 1.09
2512 ± 0.98
1956 ± 2.03
1830 ± 2.16
1921 ± 3.02
2770 ± 1.98
2100 ± 1.03
1376 ± 2.83
1800 ± 1.0
1776 ± 1.2
2197 ± 3.62

distribution of several species namely, Terschellingia longicaudata, Dorylaimopsis punctata
and Sphaerolaimus gracilis were positively correlated to total carbon, inorganic carbon, percentage
of clay and moisture in station 1 (2015). Dorylaimopsis sp., Viscosia sp., Sabatieria sp., Halalaimus sp., Halichoanolaimus robustus and
Parasphaerolaimus paradoxus were positively correlated to organic carbon, silt percentage and

Width (lm)
83.99
98.17
99.85
89.76
201.41
41.48
53.2
134.51
120.03
159.99
209.45
132
79.96
76.24
50.83

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

4.05
7.02
3.52
3.87
3.12
1.95
1.51
3.80
4.11
2.22
1.31
3.20
2.8
1.09
2.99

Biomass (lg)
276.97 ± 54.63
2633.19 ± 126.2
60.64 ± 8.64
66.39 ± 12.85
103.95 ± 25.11
5.4 ± 0.65
6.92 ± 1.02
41.39 ± 8.62
311.36 ± 62.03
88.63 ± 9.05
115.16 ± 27.0
209.78 ± 48.01
14.39 ± 4.22
12.9 ± 5.4
14.19 ± 3.52

Carbon contribution
(lg/10 cm2)
34.344
326.508
7.52
8.232
12.89
0.67
0.858
5.132
38.61
10.99
14.28
26.012
1.784
1.6
1.76

± 0.4
± 2.35
± 0.05
± 0.14
± 0.39
± 0.02
± 0.06
± 0.96
± 0.4
± 0.09
± 0.16
± 0.2
± 0.03
± 0.01
± 0.04

salinity in station 2 (2015). In 2016, Dorylaimopsis
sp., Sabatieria praedatrix, Sabatieria ornata, Viscosia glabra, Sphaerolaimus sp. and Terschellingia
longicaudata were positively correlated to TC, IC,
clay and moisture percentage in station 1 (2016).
Sabatieria sp., Halalaimus sp., Parasphaerolaimus
paradoxus, Sabatieria elongata and Halalaimus
isaitshikovi were positively correlated to TOC, silt,
salinity and Eh in station 2 (2016). In 2017,
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Table 3. Morphometry, biomass and carbon contribution of nematode species from the intermediate zone of Arctic Kongsfjord,
2016.
Species

No. of
species

Length (lm)

Width (lm)

Biomass (lg)

Carbon contribution
(lg/10 cm2)

Dorylaimopsis sp.
Sabatieria sp.
Halalimus sp.
Parasphaerolaimus paradoxus
Sabatieria elongata
Sabatieria ornata
Sabatieria praedatrix
Sabatieria punctata
Terschellingia communis
Terschellingia longicaudata
Viscosia glabra
Sphaerolaimus sp.
Desmoscolex falcatus
Trichotheristus mirabilis
Halalaimus isaitshikovi

194
20
6
2
2
3
5
2
2
8
2
2
2
2
4

3100 ± 6.2
1812 ± 4.1
1988 ± 4.56
2232 ± 3.1
2310 ± 4.52
2122 ± 4.1
1980 ± 5.0
3706 ± 2.36
264 ± 2.1
1745 ± 6.53
235 ± 3.56
2380 ± 5.12
407 ± 1.9
1900 ± 3.3
2205 ± 4.08

86.41 ± 6.15
123.59 ± 4.85
110.46 ± 4.12
548.15 ± 2.63
43.25 ± 3.18
51.07 ± 3.50
129.31 ± 6.0
115.82 ± 2.61
122.99 ± 0
117.21 ± 7.39
45.67 ± 0.54
83.48 ± 1.88
87.22 ± 2.09
180.92 ± 3.87
104.88 ± 6.50

2806.54 ± 126.08
345.97 ± 52.02
90.96 ± 15.41
838.34 ± 62.42
5.4 ± 0.05
10.38 ± 1.52
103.46 ± 16.85
62.14 ± 12.30
4.99 ± 0.26
119.87 ± 20.55
0.61 ± 0
20.73 ± 2.08
3.87 ± 1.86
77.74 ± 13.52
60.65 ± 10.11

348.036 ± 4.2
42.9 ± 1.03
11.28 ± 0.09
103.952 ± 2.05
0.67 ± 0.02
1.287 ± 0.02
12.83 ± 0.1
7.706 ± 0.04
0.619 ± 0.05
14.864 ± 0.15
0.076 ± 0
2.571 ± 0.03
0.48 ± 0
9.64 ± 0.94
7.52 ± 0.32

Sl. no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Viscosia langrunensis, Desmoscolex falcatus,
Sphaerolaimus sp. and Sabatieria praedatrix were
positively correlated to both TC and OC, moisture
and sand percentage, in station 1. Sabatieria
ornata, Halalaimus isaitshikovi, Sphaerolaimus
islandicus, Viscosia sp., Neochromadora sp.,
Parasphaerolaimus paradoxus, Trichotheristus
mirabilis, Terschellingia communis and Sphaerolaimus gracilis were positively correlated to pH,
Eh, salinity, IC and percentage of silt (Bgure 11).

4. Discussion
Carbon sequestration is the process of the longterm capturing and storing of atmospheric carbon
in plants, soils, geologic formations and the ocean.
In the ocean, carbon sequestration is a fancy word
for the process by which carbon dioxide is removed
from the atmosphere and locking the carbon away
over millions of years in sediment. The phytoplankton in the ocean surface absorb atmospheric
carbon dioxide for photosynthesis and convert in to
carbon containing organic compounds, which will
later enter the food chain. Apart from phytoplankton, organisms living in the benthic zone also
play an important role in carbon sequestration and
storage. The meiofaunal organisms which form an
important component of the benthic zone contribute about 40% of the benthic metabolism
(Fenchel 1970). The most abundant meiofaunal

organisms like nematodes and foraminiferans
derive energy from the consumption of detritus and
microorganisms (Gooday 2003). Many studies
show that the meiofauna mainly feed on benthic
microalgae, freshly sedimented phytodetritus and
seagrass detritus hence plays an important role in
absorbing and storing carbon in their body (Murray 2006). The composition of the meiofauna
together with sediment characteristics inCuences
the carbon contribution and thereby detailed
analyses of these factors are important.
Sediments in the Kongsfjord are homogenous in
granulometry (Kotwicki et al. 2004; WlodarskaKowalczuk and Pearson 2004; Krishnapriya et al.
2019) and it corroborates well to the composition of
the intermediate zone in the present study. The
lack of sediment stability and regular mineral
sediment process have much more inCuence in
sediment characteristics and faunal distribution
(Kotwicki et al. 2004). The freshwater input from
glaciers, marine inputs from oceans make the sediment in the intermediate zone more unstable and
dynamic (Gabrielsen et al. 2009). The significant
differences noted between years in meiofaunal
community (Wlodarska-Kowalczuk et al. 2016),
can be related to the sediment disturbances from
glacial input and oceanic inCuences. These inputs
create sudden and sharp changes in sediment
characteristics (Hop et al. 2002; Kotwicki et al.
2004) and the organic carbon inputs are from the
glacial and oceanic inCuences (Zajaczkowski and
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Table 4. Morphometry, biomass and carbon contribution of nematode species from the intermediate zone of Arctic Kongsfjord,
2017.
Sl. no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Species
Sabatieria ornata
Halalaimus isaitshikovi
Sabatieria praedatrix
Terschellingia longicaudata
Sphaerolaimus islandicus
Viscosia sp.
Halalaimus sp.
Sphaerolaimus sp.
Neochromadora sp.
Desmoscolex falcatus
Dorylaimopsis sp.
Terschellingia sp.
Sabatieria sp.
Parasphaerolaimus paradoxus
Trichotheristus mirabilis
Terschellingia communis
Sphaerolaimus gracilis
Viscosia langrunensis

No. of
species

Length (lm)

Width (lm)

Biomass (lg)

Carbon contribution
(lg/10 cm2)

2
4
4
70
6
6
98
2
6
6
238
278
22
4
4
2
2
2

2000 ± 3.81
2152 ± 2.52
1921 ± 2
1590 ± 6.12
2139 ± 3.10
2200 ± 5.36
2140 ± 10.59
2209 ± 2.97
8220 ± 5
486 ± 2.8
2958 ± 11.51
1354 ± 13.40
2200 ± 5.96
2310 ± 2.93
2100 ± 4.32
298 ± 1.22
2982 ± 2.91
3026 ± 2.16

86.88 ± 2.52
106.17 ± 3.10
109.04 ± 2.51
29.88 ± 8.88
114.15 ± 4.56
50.8 ± 3.09
72.43 ± 5.21
173.27 ± 1.92
14.29 ± 3.33
79.82 ± 2.08
88.46 ± 9.41
32.38 ± 10.86
86.98 ± 3.69
199.71 ± 1.52
172.09 ± 2.78
171.59 ± 2.05
138.18 ± 1.82
128.29 ± 0.58

18.87 ± 5.46
60.64 ± 12.48
57.10 ± 10.11
62.11 ± 11.03
104.52 ± 16.88
21.29 ± 6.02
687.63 ± 30.05
82.90 ± 10.0
6.29 ± 0.08
11.61 ± 1.06
3443.095 ± 120.06
246.66 ± 16.48
228.86 ± 20.44
230.33 ± 18.25
155.48 ± 8.04
10.97 ± 1.58
71.12 ± 3.52
62.25 ± 10.74

2.34 ± 0.56
7.52 ± 1.21
7.08 ± 1.02
7.7 ± 0.98
12.96 ± 2.03
2.64 ± 0.05
85.26 ± 3.12
10.28 ± 0.45
0.78 ± 0
1.44 ± 0.02
426.972 ± 10.53
30.58 ± 2.78
28.38 ± 1.12
28.56 ± 1.06
19.28 ± 0.98
1.36 ± 0.06
8.82 ± 1.92
7.72 ± 0.66

Figure 9. Morphometry (total length and maximum width) of some major nematode species. (A) D. punctata (#); (B) D.
punctata (#) oesophagus; (C) S. praedatrix (#); (D) S. praedatrix (#) oesophagus; (E) Sphaerolaimus sp. ($); (F)
Sphaerolaimus sp. ($) vulva; and (G) T. longicaudata (#); (H) T. longicaudata (#) oesophagus.

Legezynska 2001). Meiofaunal groups namely,
nematodes, foraminiferans, kinorhynchs and
tintinnids were found in all the three years of the
study with high percentage of abundance. From

this observation, it can be interpreted that these
groups may be less sensitive to sediment disturbances (Austen et al. 1989; Warwick et al. 1990)
caused by decreasing sediment stability and
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increasing sediment resuspension. Salinity variation played a major role in determining the
meiofaunal abundance and spatial/temporal
distribution (Krishnapriya et al. 2019). Hence the
species distributed in the intermediate zone may be
having a wide range of salinity tolerance. Year-wise

Figure 10. Comparison of the total carbon contribution by
nematodes in the intermediate zone of Arctic Kongsfjord in
2015, 2016 and 2017.

J. Earth Syst. Sci. (2021)130:138
variation is seen in the determinants aAecting the
meiofaunal distribution and the major determinants are depth, sand, pH, TC and TOC.
Nematode orders namely Chromadorids, Monhysterids and Araeolaimids were generally high in
the intermediate zone, while Enoplids were generally low. Dorylaimopsis sp., Terschellingia sp. and
Sabatieria sp. were the dominant species identiBed
from the intermediate zone (Urban-Malinga et al.
2005; SomerBeld et al. 2006; Krishnapriya et al.
2019). It is also observed that, the intermediate
zone is dominated by deposit feeders and epistrate
feeders; Terschellingia sp. (selective deposit feeder), Sabatieria sp. (non-selective deposit feeders)
and Dorylaimopsis sp. (epistrate feeder). These
feeding groups are distributed throughout the
Kongsfjord (Schratzberger and Warwick 1999;
Schratzberger et al. 2000; Aswathy et al. 2017;
Krishnapriya et al. 2019). Blue carbon contribution
of epistrate feeders was higher than the other
feeding groups in all the three consecutive years.
The ecological features like polyhaline nature seen
in Dorylaimopsis sp., Sabatieria sp. and Terschellingia sp. that of colonizing pattern in

Figure 11. Canonical correspondence analysis (CCA) showing scatter plot for environmental variables and nematode species
distribution based on carbon potential.
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Sabatieria sp. and the domination of Sabatieria sp.
and Terschellingia sp. in silty sediments (Tietjen
1980; Vanreusel 1990; Li and Vincx 1993; Adao
et al. 2009; Guilini et al. 2011; Schmidt-Rhaesa
2014) may be the reason for the domination of
these species in the intermediate zone.
The carbon content in the individual nematodes
and the total carbon sequestered by them was
calculated in the study. Among the 26 nematode
species, Parasphaerolaimus paradoxus has the
highest carbon potential (7.14 ± 0.05 lg/mg)
and the lowest value was observed in Terschellingia longicaudata (0.11 ± 0.3 lg/mg) and Terschellingia sp. (0.11 ± 0.42 lg/mg). In our previous study in 2011, Anticoma eberthi has the highest
carbon potential (14.06 lg/mg), whereas the lowest was noted in Halalaimus longicaudatus (0.122
lg/mg) (Krishnapriya et al. 2018). But these species were not found in these three consecutive years
2015, 2016 and 2017. The total carbon contribution
by nematodes in the intermediate zone was high in
2017 (689.67 ± 28.55 lg/10 cm2) and low in 2015
(491.19 ± 5.3 lg/10 cm2), where the carbon contribution was much higher than the total contribution from the Kongsfjord in 2011. The canonical
correspondence analysis (CCA) also showed variations in nematode distribution based on carbon
potential. The sediment characteristics especially
variations in the amount of TC, IC and TOC have
an eAect in species distribution in all the three
years.
The net eAect of carbon sequestered in ocean
includes all the components of benthic fauna,
where meiofauna contributes a major proportion.
Among meiofauna, nematodes have a major role in
carbon sequestration; also make available nutrient
and carbon sources to higher tropic levels (Wilson
and Duarte 2009). On grazing, bacterivorous and
fungivorous nematodes acquire CO2 from bacteria
and fungi, aAecting carbon mineralization directly
and nematodes expel a major portion of assimilated
carbon used up from the bacteria and fungi. As
nematodes are a dominant group in benthic community, they trap a large portion to maintain
carbon as biomass. Later when they die and decay,
the carbon in their body will be deposited to sediment and became part of the blue carbon sink
(Wang and McSorley 2005). This blue carbon stock
and extensive burial of carbon in the sediment pool
in the intermediate zone of Arctic Kongsfjord may
eliminate a significant amount of CO2 from the
atmosphere mitigating global warming and climate
related problems.

5. Conclusion
The carbon potential of individual nematodes and
their carbon contribution to blue carbon sink for
the three consecutive years, 2015, 2016 and 2017 in
the intermediate zone of Arctic Kongsfjord has
been studied and the highest carbon contribution
has come up from 2017. The sediment characteristics showed that the granulomertic composition
of the intermediate zone was similar in these years.
Nematodes, foraminiferans, kinorynchs and
tintinnids were the major contributing meiofaunal
groups. As nematodes are the major carbon contributor in the benthic fauna, importance is given
to study the carbon potential of nematodes in
relation to climate change scenario. Parasphaerolaimus paradoxus has the highest carbon potential
and lowest in Terschellingia longicaudata. As the
fjord areas are less disturbed, chances for disruption or destruction of the blue carbon sink is very
low. So maintaining a healthy benthic fauna, in
particular meiofauna is in fact eAective in blue
carbon deposition and mitigates climate change
issues in the present scenario in the Arctic system.
From the literature survey, it is observed that no
significant work has been done nationally or
internationally, hence it is a pioneering eAort to
found out the carbon potential and blue carbon
contribution by Arctic nematodes.
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