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Abstract
Caenorhabditis elegans naturally inhabits low-oxygen environments but is typically studied at 21% oxygen. We cultured
adult C. elegans at 2.5%, 5%, and 21% oxygen during the fertile period, quantifying daily output of hatched larvae,
unfertilized oocytes, and abnormal progeny (unhatched embryos, dead or deformed larvae). While we found no evidence
for increased fertility at low oxygen levels compared to 21%, we observed a trend towards fewer unfertilized oocytes after
peak fertility at 5% oxygen and significantly fewer at 2.5%. Our results indicate that reproductive output differs between
laboratory conditions (high oxygen) and moderately low oxygen levels (closer to natural environments).

 

8/6/2026 - Open Access



Oxygen
comparison

Period
(days) Measure Test Oxygen n Median

(Range) IQR PS 98.33%
CI

p-
value

5% vs 21% 5 Hatched larvae One-sided
MWU 21% 16 313 (232–

381) 62 0.508 0.305–
1.000 0.475

5% vs 21% 5 Hatched larvae One-sided
MWU 5% 19 314 (261–

385) 39.5

5% vs 21% 5 Unfertilized
oocytes

Two-sided
MWU 21% 16 65 (24–119) 22.8 0.308 0.083–

0.547 0.053

5% vs 21% 5 Unfertilized
oocytes

Two-sided
MWU 5% 19 29 (0–143) 48.5

5% vs 21% 5 Abnormal
progeny

Two-sided
MWU 21% 16 3.5 (0–9) 4 0.569 0.329–

0.782 0.503

5% vs 21% 5 Abnormal
progeny

Two-sided
MWU 5% 19 4 (0–12) 3.5

2.5% vs 21% 6 Hatched larvae One-sided
MWU 21% 14 357 (236–

396) 35.3 0.333 0.136–
1.000 0.941

2.5% vs 21% 6 Hatched larvae One-sided
MWU 2.5% 16 336 (293–

375) 37.5

2.5% vs 21% 6 Unfertilized
oocytes

One-sided
MWU 21% 14 83.5 (25–

171) 57.3 0.254 0.000–
0.481 0.011

2.5% vs 21% 6 Unfertilized
oocytes

One-sided
MWU 2.5% 16 45 (4–113) 55

2.5% vs 21% 6 Abnormal
progeny

Two-sided
MWU 21% 14 3.5 (0–15) 3.5 0.408 0.189–

0.664 0.393

2.5% vs 21% 6 Abnormal
progeny

Two-sided
MWU 2.5% 16 2 (0–6) 2

Figure 1. Counts of hatched larvae and unfertilized oocytes at different oxygen levels:

Figure: Panels A, B, E, and F illustrate results from the experiment comparing reproductive output between 5% and 21%
oxygen. Panels C, D, G, and H illustrate results from the experiment comparing reproductive output between 2.5% and
21% oxygen. Each data point represents one C. elegans hermaphrodite. For the experiment comparing 5% and 21%
oxygen, total counts (A, E) quantify reproductive output during the first five days of adulthood. For the experiment
comparing 2.5% and 21% oxygen, total counts (C, G) quantify reproductive output during the first six days of adulthood.
For each experiment, data was pooled from three replicates (see Methods). A: Total counts of hatched, viable larvae per
hermaphrodite at 5% and 21% oxygen. B: Daily production of hatched, viable larvae at 5% and 21% oxygen. C: Total
counts of hatched, viable larvae at 2.5% and 21% oxygen. D: Daily counts of hatched, viable larvae at 2.5% and 21%
oxygen. E: Total counts of unfertilized oocytes output per hermaphrodite at 5% and 21% oxygen. F: Daily output of
unfertilized oocytes at 5% and 21% oxygen. G: Total counts of unfertilized oocytes at 2.5% and 21% oxygen. H: Daily
output of unfertilized oocytes at 2.5% and 21% oxygen.

Table 1: Summary statistics and test results for the comparison of reproductive output between oxygen levels. PS is the
Mann–Whitney estimate (probability of superiority). Note, that the data represent pooling of multiple replicates (see
Methods).

Description
Critical developmental processes are associated with low tissue oxygen levels in many animal taxa (Simon and Keith,
2008; Mohyeldin et al., 2010; Carreau et al., 2011; Baccino-Calace et al., 2020; Brouillet et al., 2021; Carroll et al., 2021).
However, less is known about tissue oxygen gradients and sensitivity in microscopic invertebrates that lack respiratory
and circulatory systems. Many microscopic invertebrate species take up oxygen via simple diffusion across the body
surface (Graham, 1988), meaning that their tissue oxygen gradients are directly coupled to ambient oxygen
concentrations. Such animals are typically found in low-oxygen environments like sediment, soil, and compost (Jørgensen
and Revsbech, 1985; Sexstone et al., 1985; Schratzberger et al., 2019; van den Hoogen et al., 2020), which are likely to
result in low tissue oxygen levels. For example, the nematode Caenorhabditis elegans naturally inhabits rotting fruits and
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vegetation (Schulenburg and Félix, 2017), and this popular model organism has been shown to display a behavioral
preference for 5–12% oxygen in laboratory studies (Gray et al., 2004). Yet, whether this preference for low oxygen levels
is linked to oxygen sensitivity during reproduction and early development remains poorly understood.

The reproductive system of adult C. elegans hermaphrodites is known as “the germ line” and consists of two U-shaped
gonadal arms connected by a common uterus (Hirsh et al., 1976). Each gonadal arm contains a pool of germline stem cells
at its distal tip. As these germline stem cells proliferate, cells are pushed away from the stem cell niche in the proximal
direction and begin to differentiate, eventually forming the oocytes that are passed through the spermatheca and fertilized
(Hirsh et al., 1976; Albert Hubbard and Schedl, 2019). The spermatheca contains the adult hermaphrodites' supply of
sperm cells (“self-sperm”) produced during the late larval stages (Hirsh et al., 1976). After peak fertility during days 1–3
of adulthood, the store of self-sperm is nearly depleted, and reduced sperm signaling leads to decreased rates of oocyte
maturation and ovulation, although unfertilized oocytes are expelled at a reduced rate (Ward and Carrel, 1979; Riddle et
al., 1997; McCarter et al., 1999; Scharf et al., 2021). The current study aims to explore the effects of moderately low
oxygen levels on the reproductive output of C. elegans, including whether low oxygen levels lead to increased production
of hatched, viable larvae throughout the entire fertile period (see Huang et al., 2004).

We cultured adult C. elegans hermaphrodites at 2.5%, 5%, and 21% oxygen and compared reproductive output between
oxygen levels. Reproductive output was quantified as daily counts of (1) viable larvae; (2) unfertilized oocytes; and (3)
abnormal progeny (unhatched embryos and dead or visibly deformed larvae, see Methods). We selected 5% oxygen
because it falls within the range preferred by C. elegans (Gray et al., 2004) while approximating oxygen levels in
mammalian stem cell niches (Mohyeldin et al., 2010, and references therein). We also quantified reproductive output at
2.5% oxygen, which is closer to tissue oxygen levels in many insect species (Birrell et al., 2024) and during mammalian
embryonic development (Brouillet et al., 2021).

First, we compared reproductive output between adult hermaphrodites cultured at 5% and 21% oxygen over days 1–5 of
adulthood to test whether more hatched, viable larvae would be produced at 5% oxygen. Median production of hatched,
viable larvae was essentially identical between 5% and 21% oxygen, but statistical comparison was inconclusive
regarding effects in the underlying population (probability of superiority, PS = 0.508; 98.33% CI = 0.305–1.000; one-
sided exact p = 0.475; Fig. 1A; Table 1). This reflected variability between replicates (PS per replicate: 0.680, 0.640,
0.389; see Methods). The observed daily distributions of larval counts appeared similar between oxygen levels, suggesting
no major shift in the timing of peak fertility and generally similar daily fecundity between conditions (Fig. 1B). We found
no significant difference in the production of abnormal progeny between 5% and 21% oxygen, but results were
inconclusive regarding effects in the underlying population (PS = 0.569; 98.33% CI = 0.329–0.782; two-sided exact p =
0.503; Table 1).

To explore the effects of 5% oxygen on C. elegans germline function after peak fertility, we counted daily output of
unfertilized oocytes over days 1–5 of adulthood. We observed a trend towards reduced total output of unfertilized oocytes
at 5% oxygen (PS = 0.308; 98.33% CI = 0.083–0.547; two-sided exact p = 0.053; Fig. 1E, Table 1). This trend was
consistent between replicates (PS per replicate: 0.160, 0.280, 0.352). No unfertilized oocytes were observed during the
first two days of adulthood at either oxygen level, and output of unfertilized oocytes generally began on day three and
increased on day four (Fig. 1F).

Next, we cultured C. elegans at 2.5% and 21% oxygen during days 1–6 of adulthood to test whether more hatched, viable
larvae would be produced at 2.5% oxygen. We did not observe increased production of viable larvae at 2.5% oxygen (PS
= 0.333; 98.33% CI = 0.136–1.000; one-sided exact p = 0.941; Table 1). Rather, median larval counts were reduced
compared to 21% oxygen (Fig. 1C; PS per replicate: 0.278, 0.267, 0.460). As in the initial experiment, the daily
distributions of larval counts appeared similar between 2.5% and 21% oxygen, suggesting no major shift in peak fertility
timing (Fig. 1D). We observed no significant difference in the production of abnormal progeny between oxygen levels, but
results were inconclusive regarding effects in the underlying population (PS = 0.408; 98.33% CI = 0.189–0.664; two-sided
exact p = 0.393; Table 1).

Given the observed trend towards a reduced number of unfertilized oocytes at 5% oxygen, we investigated whether
unfertilized oocyte output would be reduced at 2.5% compared to 21% oxygen. We observed a significant reduction in the
total output of unfertilized oocytes when culturing C. elegans hermaphrodites at 2.5% oxygen during days 1–6 of
adulthood (PS = 0.254; 98.33% CI = 0.000–0.481; one-sided exact p = 0.011; Table 1; Fig. 1G). Again, output of
unfertilized oocytes began on day three of adulthood and daily output after peak fertility was generally higher under 21%
oxygen (Fig. 1H). Median output of unfertilized oocytes was lower at 2.5% oxygen in all replicates (PS per replicate:
0.375, 0.133, 0.080). Thus, our results indicate a reduction in unfertilized oocyte output at 2.5% compared to 21% oxygen.

To summarize, we did not find evidence to support increased fecundity of C. elegans hermaphrodites at 2.5% and 5%
oxygen. Statistical comparisons of viable progeny production between oxygen levels were inconclusive but observed
medians and effect size estimates suggested broadly similar fertility between 5% and 21% oxygen. Our findings
complement the results of Freyth et al. (2010), who reported that C. elegans fertility is largely unchanged between ~10%
and 21% oxygen, increased at 3.6% oxygen, and reduced at <3.6% oxygen. However, whereas Freyth et al. (2010)
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reported the total number of larvae counted after the first three days of adulthood, our daily counting protocol necessitated
brief (10–15 min) daily exposures to 21% oxygen, which may have obscured any small fertility increase at 5% oxygen.
Conversely, at 2.5% oxygen, we observed a trend towards reduced median production of hatched, viable larvae in all
replicates, consistent with the results of Freyth et al. (2010). Decreased production of hatched larvae at 2.5% oxygen may
reflect metabolic effects, as C. elegans has been shown to maintain stable respiration between ~4% oxygen and
atmospheric levels (Anderson and Dusenbery, 1977; Van Voorhies and Ward, 2000).

In contrast to the inconclusive effects on fertility, lower oxygen levels consistently led to reduced output of unfertilized
oocytes. Such a reduction would be expected if lowering ambient oxygen levels resulted in reduced rates of oocyte
production. Oxygen-sensitive gamete differentiation rates would be consistent with the observation that mammalian cell
differentiation is affected by oxygen levels (Ezashi et al., 2005; Berniakovich and Giorgio, 2013; Drela et al., 2014), and
with the role of mitochondrial maturation and production of reactive oxygen species (ROS) in driving C. elegans oocyte
differentiation (Charmpilas and Tavernarakis, 2020). However, reduced overall rates of oocyte production would lead to
shifts in the timing of peak fertility under 2.5% and 5% oxygen compared to 21%, which we did not consistently observe
(Figs. 1B,F). Thus, our results indicate that moderately low oxygen levels lead to reduced output of unfertilized oocytes
after peak fertility, compared to standard laboratory conditions. Further studies are needed to determine the effects of
oxygen on different germline functions in C. elegans.

Methods
C. elegans maintenance

The laboratory reference strain (Wild-type, Bristol) was cultured on nematode growth medium (NGM) in 60 mm vented
petri dishes seeded with Escherichia coli (OP50 strain) bacterial lawns. The NGM was prepared as detailed in Brenner
(1974). Animals were maintained at 20°C for at least two weeks without starvation or overcrowding before being used for
experiments.

Controlling oxygen tensions

During experiments, animals were cultured in a temperature-controlled laboratory under different oxygen pressures within
custom-built hypoxia boxes. At the front, the boxes had a hinged door with magnet strips glued along the edges,
connecting to magnet strips around the box opening. At the back, holes were drilled and fitted tightly with connectors to
gas tubes and oxygen sensors. In the hypoxia boxes, oxygen levels were maintained using ProOx 110 Compact oxygen
Controllers (BioSpherix, Ltd., RRID: SCR_021129), which kept oxygen concentrations at the set low levels by infusing
the semi-sealed boxes with a gas mix consisting of 420 ppm CO2 in N2. In the otherwise identical control chamber (21%
oxygen), the sensor hole at the back of the box was left open to ambient air. Each box contained a fan to avoid oxygen
gradients, as well as a beaker of Milli-Q water to ensure comparable humidity levels between the hypoxia and control
boxes. Temperature and relative humidity levels were monitored using data loggers (HOBO® MX1101 Temp/RH Data
Logger and HOBO® Pendant® MX Temp/Light (MX2202) Logger).

Quantifying daily reproductive output

Experiments quantifying reproductive output were initiated using animals at larval stage L4. Each experimental replicate
was initiated by picking 10–20 L4 larvae onto an empty NGM plate. These L4 larvae were then distributed through
blinded randomization between an equal number of NGM plates, half of which (for the low-oxygen group) had been left
to degas oxygen in the hypoxia box overnight. After picking one L4 larva onto each NGM plate for the experiment, the
plates were returned to the hypoxia and control boxes.

The initial experiment comparing reproductive output between 5% and 21% oxygen was conducted over days 1–5 of
adulthood. The subsequent experiment to compare reproductive output between 2.5% and 21% oxygen was conducted
over days 1–6 of adulthood. Daily transfers to fresh NGM plates necessitated brief (10–15 minutes) exposure to ambient
conditions (21% oxygen), resulting in oxygen fluctuations similar to variability in the natural habitats of C. elegans. Every
day during the study period, the animals were transferred to new NGM plates seeded with 100 µl OP50 lawns (the low-
oxygen plates having been left to degas oxygen overnight). Blinded, randomized counting of hatched larvae, unfertilized
oocytes, and abnormal progeny began on the third day of the experiments (counting reproductive output in the “Day one”
plates) and ended on the seventh or eighth day (counting the “Day five” and “Day six” plates, respectively). Any egg that
had not hatched after 48 hours was counted as unhatched. These were included in counts of abnormal progeny along with
larvae with obvious morphological and locomotory defects (e.g., partial paralysis, large kinks or lumps). Unfertilized
oocytes were identified based on their characteristic morphology, namely the lack of an eggshell, their brownish color, and
their soft, disk-like shape (see Ward and Carrel, 1979; images in Kern et al., 2021). Reproductive output from
hermaphrodites that died during the course of the experiment were excluded from the analyses, leading to different sample
sizes between oxygen levels in some replicates (see Statistics).

Statistics
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Effects of low oxygen levels on reproductive output were investigated via two separate experiments, one comparing
reproductive output between 5% and 21% oxygen, the other comparing output between 2.5% and 21% oxygen. Three
experimental replicates were conducted for each comparison. Reproductive output was compared between low-oxygen
(2.5% or 5% oxygen) and standard laboratory conditions (21% oxygen; control level) using Mann Whitney U testing. A
non-parametric test was chosen due to the small sample size and different distributions of discrete count data between
oxygen levels. In the initial comparison between 5% and 21% oxygen, two replicates had n = 5 hermaphrodites for each
oxygen level, whereas the third replicate had n = 6 in the control group (21% oxygen) and n = 9 in the low-oxygen group
(5% oxygen). In the subsequent comparison between 2.5% and 21% oxygen, n ranged from 3–6 in the control group and
from 5–6 in the low-oxygen group. The uneven number of animals between oxygen levels was due to some
hermaphrodites dying during the course of the experiments. After pooling the replicate data, we computed exact p-values,
effect size estimates (probability of superiority, PS), and associated confidence intervals using the wmwTest() function
from the asht package (version 1.0.1) in R (version 4.5.0). A fixed random seed was set to ensure reproducibility
(set.seed(123)). We applied Holm–Bonferroni correction to control family-wise error rate over three pairwise comparisons
(hatched larvae, unfertilized oocytes, and abnormal progeny), reporting 98.33% CIs for effect sizes.

Reagents

Strain Genotype Source

N2 Caenorhabditis elegans, wild type, Bristol. CGC

OP50 Escherichia coli OP50 CGC

Acknowledgements: The authors are grateful to Anastasia Nathania Widjaja, Fredrik Forsberg, and Johanna Farley for
laboratory assistance and useful discussion. The N2 strain and OP50 were provided by the Caenorhabditis Genetics Center
(CGC, University of Minnesota), which is funded by the NIH Office of Research Infrastructure Programs (P40
OD010440).

References
Albert Hubbard EJ, Schedl T. 2019. Biology of the Caenorhabditis elegans Germline Stem Cell System. Genetics. 213:
1145. DOI: 10.1534/genetics.119.300238

Anderson GL, Dusenbery DB. 1977. Critical-oxygen tension of Caenorhabdiltis elegans. J Nematol 9(3): 253-4. PubMed
ID: 19305606

Baccino Calace M, Prieto D, Cantera R, Egger B. 2020. Compartment and cell-type specific hypoxia responses in the
developing Drosophila brain. Biology Open. 9: bio053629. DOI: 10.1242/bio.053629

Berniakovich I, Giorgio M. 2013. Low oxygen tension maintains multipotency, whereas normoxia increases
differentiation of mouse bone marrow stromal cells. International Journal of Molecular Sciences. 14: 2119. DOI:
10.3390/ijms14012119

Birrell JH, Verberk WCEP, Woods HA. 2024. Consistent differences in tissue oxygen levels across 15 insect species
reflect a balance between oxygen supply and demand and highlight a hitherto unknown adaptation for extracting sufficient
oxygen from water. Current Research in Insect Science. 6: 100095. DOI: 10.1016/j.cris.2024.100095

Brenner S. 1974. The genetics of Caenorhabditis elegans. Genetics. 77: 71. DOI: 10.1093/genetics/77.1.71

Brouillet S, Baron C, Barry F, Andreeva A, Haouzi D, Gala A, et al., Hamamah S. 2021. Biphasic (5–2%) oxygen
concentration strategy significantly improves the usable blastocyst and cumulative live birth rates in in vitro fertilization.
Scientific Reports. 11: 22461. DOI: 10.1038/s41598-021-01782-6

Carreau A, Hafny Rahbi BE, Matejuk A, Grillon C, Kieda C. 2011. Why is the partial oxygen pressure of human tissues a
crucial parameter? Small molecules and hypoxia. Journal of Cellular and Molecular Medicine. 15: 1239. DOI:
10.1111/j.1582-4934.2011.01258.x

Carroll C, Engstrom N, Nilsson PF, Haxen ER, Mohlin S, Berg P, Glud RN, Hammarlund EU. 2021. Hypoxia Generated
by Avian Embryo Growth Induces the HIF-α Response and Critical Vascularization. Frontiers in Ecology and Evolution. 9
DOI: 10.3389/fevo.2021.675800

Charmpilas N, Tavernarakis N. 2020. Mitochondrial maturation drives germline stem cell differentiation in Caenorhabditis
elegans. Cell Death and Differentiation. 27: 601. DOI: 10.1038/s41418-019-0375-9

 

8/6/2026 - Open Access

http://www.wormbase.org/db/get?name=WBStrain00000001;class=Strain
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=6239
http://www.wormbase.org/db/get?name=WBStrain00041969;class=Strain
https://doi.org/10.1534/genetics.119.300238
https://www.ncbi.nlm.nih.gov/pubmed/19305606
https://doi.org/10.1242/bio.053629
https://doi.org/10.3390/ijms14012119
https://doi.org/10.1016/j.cris.2024.100095
https://doi.org/10.1093/genetics/77.1.71
https://doi.org/10.1038/s41598-021-01782-6
https://doi.org/10.1111/j.1582-4934.2011.01258.x
https://doi.org/10.3389/fevo.2021.675800
https://doi.org/10.1038/s41418-019-0375-9


Drela K, Sarnowska A, Siedlecka P, Szablowska Gadomska I, Wielgos M, Jurga M, Lukomska B, Domanska Janik K.
2014. Low oxygen atmosphere facilitates proliferation and maintains undifferentiated state of umbilical cord
mesenchymal stem cells in an hypoxia inducible factor-dependent manner. Cytotherapy. 16: 881. DOI:
10.1016/j.jcyt.2014.02.009

Ezashi T, Das P, Roberts RM. 2005. Low O2 tensions and the prevention of differentiation of hES cells. Proceedings of
the National Academy of Sciences. 102: 4783. DOI: 10.1073/pnas.0501283102

Freyth K, Janowitz T, Nunes F, Voss M, Heinick A, Bertaux J, Scheu S, Paul RJ. 2010. Reproductive Fitness and Dietary
Choice Behavior of the Genetic Model Organism Caenorhabditis elegans under Semi-Natural Conditions. Molecules and
Cells. 30: 347. DOI: 10.1007/s10059-010-0125-9

Graham JB. 1988. Ecological and Evolutionary Aspects of Integumentary Respiration: Body Size, Diffusion, and the
Invertebrata1. American Zoologist. 28: 1031. DOI: 10.1093/icb/28.3.1031

Gray J, Karow D, Lu H, Chang A, Chang J, Ellis R, Marletta M, Bargmann C. 2004. Oxygen sensation and social feeding
mediated by a C-elegans guanylate cyclase homologue. NATURE. 430: 317. DOI: 10.1038/nature02714

Hirsh D, Oppenheim D, Klass M. 1976. Development of the reproductive system of Caenorhabditis elegans.
Developmental Biology. 49: 200. DOI: 10.1016/0012-1606(76)90267-0

Huang C, Xiong C, Kornfeld K. 2004. Measurements of age-related changes of physiological processes that predict
lifespan of Caenorhabditis elegans. Proceedings of the National Academy of Sciences of the United States of America.
101: 8084. DOI: 10.1073/pnas.0400848101

Jørgensen BB, Revsbech NP. 1985. Diffusive boundary layers and the oxygen uptake of sediments and detritus.
Limnology and Oceanography. 30: 111. DOI: 10.4319/lo.1985.30.1.0111

Kern CC, Townsend S, Salzmann A, Rendell NB, Taylor GW, Comisel RM, et al., Gems D. 2021. C. elegans feed yolk to
their young in a form of primitive lactation. Nature Communications. 12: 5801. DOI: 10.1038/s41467-021-25821-y

McCarter J, Bartlett B, Dang T, Schedl T. 1999. On the Control of Oocyte Meiotic Maturation and Ovulation in
Caenorhabditis elegans. Developmental Biology. 205: 111. DOI: 10.1006/dbio.1998.9109

Mohyeldin A, Garzon Muvdi T, Quinones Hinojosa A. 2010. Oxygen in Stem Cell Biology: A Critical Component of the
Stem Cell Niche. Cell Stem Cell. 7: 150. DOI: 10.1016/j.stem.2010.07.007

Riddle DL, Blumenthal T, Meyer BJ, et al., editors. C. elegans II. 2nd edition. Cold Spring Harbor (NY): Cold Spring
Harbor Laboratory Press; 1997. Section IX, Oocyte Development, Maturation, and Ovulation. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK20108/

Scharf A, Pohl F, Egan BM, Kocsisova Z, Kornfeld K. 2021. Reproductive Aging in Caenorhabditis elegans: From
Molecules to Ecology. Frontiers in Cell and Developmental Biology. 9: 718522. DOI: 10.3389/fcell.2021.718522

Schratzberger M, Holterman M, Van Oevelen D, Helder J. 2019. A Worm's World: Ecological Flexibility Pays Off for
Free-Living Nematodes in Sediments and Soils. BioScience. 69: 867. DOI: 10.1093/biosci/biz086

Schulenburg H, Felix MA. 2017. The Natural Biotic Environment of Caenorhabditis elegans. Genetics. 206: 55. DOI:
10.1534/genetics.116.195511

Sexstone AJ, Revsbech NP, Parkin TB, Tiedje JM. 1985. Direct Measurement of Oxygen Profiles and Denitrification
Rates in Soil Aggregates. Soil Science Society of America Journal. 49: 645. DOI:
10.2136/sssaj1985.03615995004900030024x

Simon MC, Keith B. 2008. The role of oxygen availability in embryonic development and stem cell function. Nature
Reviews Molecular Cell Biology. 9: 285. DOI: 10.1038/nrm2354

Van Den Hoogen J, Geisen S, Wall DH, Wardle DA, Traunspurger W, De Goede RGM, et al., Crowther TW. 2020. A
global database of soil nematode abundance and functional group composition. Scientific Data. 7: 103. DOI:
10.1038/s41597-020-0437-3

Van Voorhies WA, Ward S. 2000. Broad oxygen tolerance in the nematode Caenorhabditis elegans. The Journal of
Experimental Biology. 203: 2467. DOI: 10.1242/jeb.203.16.2467

Ward S, Carrel JS. 1979. Fertilization and sperm competition in the nematode Caenorhabditis elegans. Developmental
Biology. 73: 304. DOI: 10.1016/0012-1606(79)90069-1

Funding: This work was supported by the European Research Council (ERC) under the European Union’s Horizon 2020
research and innovation program [grant agreement No 949538]; the Swedish Research Council [2019-02020 and 2023-
01941]; Cancerfonden [22 2125 P j and 25 4675 Pj]; Stiftelsen Konsul Thure Carlssons Minne; Franke och Margareta

 

8/6/2026 - Open Access

https://doi.org/10.1016/j.jcyt.2014.02.009
https://doi.org/10.1073/pnas.0501283102
https://doi.org/10.1007/s10059-010-0125-9
https://doi.org/10.1093/icb/28.3.1031
https://doi.org/10.1038/nature02714
https://doi.org/10.1016/0012-1606(76)90267-0
https://doi.org/10.1073/pnas.0400848101
https://doi.org/10.4319/lo.1985.30.1.0111
https://doi.org/10.1038/s41467-021-25821-y
https://doi.org/10.1006/dbio.1998.9109
https://doi.org/10.1016/j.stem.2010.07.007
https://doi.org/10.3389/fcell.2021.718522
https://doi.org/10.1093/biosci/biz086
https://doi.org/10.1534/genetics.116.195511
https://doi.org/10.2136/sssaj1985.03615995004900030024%3Cwbr/%3Ex
https://doi.org/10.1038/nrm2354
https://doi.org/10.1038/s41597-020-0437-3
https://doi.org/10.1242/jeb.203.16.2467
https://doi.org/10.1016/0012-1606(79)90069-1


Bergqvists Stiftelse; The Swedish Childhood Cancer Fund; and The Swedish Cancer Society. EUH and NRP also thank
the Novo Nordisk Foundation [Grant NNF23OC0086712] for their support.

 
Conflicts of Interest: The authors declare that there are no conflicts of interest.

Author Contributions: Emma R. Haxen: conceptualization, methodology, investigation, formal analysis, validation,
visualization, writing - original draft, writing - review editing, project administration. Mazharul Islam: conceptualization,
investigation, writing - review editing. Alexandra Grabowski: conceptualization, methodology, investigation, formal
analysis, writing - review editing. Sofie Mohlin: conceptualization, supervision, writing - review editing. Nicole R. Posth:
conceptualization, supervision, writing - review editing. Sandeep Gopal: conceptualization, methodology, resources,
investigation, formal analysis, writing - review editing. Emma U. Hammarlund: conceptualization, formal analysis,
resources, funding acquisition, supervision, writing - review editing, project administration.

Reviewed By: Anonymous

Nomenclature Validated By: Anonymous

WormBase Paper ID: WBPaper00070050

History: Received July 1, 2026 Revision Received August 3, 2026 Accepted August 5, 2026 Published Online August
6, 2026 Indexed August 20, 2026

Copyright: © 2026 by the authors. This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Citation: Haxen ER, Islam M, Grabowski A, Mohlin S, Posth NR, Gopal S, Hammarlund EU. 2026. Ecologically
relevant low oxygen levels reduce unfertilized oocyte output in Caenorhabditis elegans. microPublication Biology.
10.17912/micropub.biology.002266

 

8/6/2026 - Open Access

https://doi.org/10.17912/micropub.biology.002266

