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Abstract 

Background

Zoos use environmental enrichments, including scents, which may 
have applications to improve breeding success for taxa, such as 
lemurs, which rely heavily on olfactory communication. We aimed to 
develop novel, biologically-relevant scent enrichments to trigger 
mating behaviours of zoo-housed lemur species, which are critically 
endangered in the wild and show a low success rate in captive 
breeding programmes.

Methods

We examined anogenital odour secretions, released by female gentle (
Hapalemur alaotrensis) and ruffed (Varecia variegata) lemurs, using 
solid-phase microextraction and gas chromatography-mass 
spectrometry techniques. We identified the key compounds 
distinguishing the volatile chemical profile of female lemurs during 
the breeding season and used them to develop species-specific scent 
enrichments. We then tested the scent enrichments, made up of 
synthesized mixtures conveying information about female lemur 
fertility, on unsuccessful breeding pairs of lemurs hosted in European 
zoos. We evaluated the effects of the newly designed scent 
enrichments on their target species by combining behavioural 
observations with faecal endocrinology.

Results
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We identified and reproduced fertility-specific signals associated with 
female scents. These scent mixtures triggered male sexual 
behaviours, including mating, during and after the enrichment 
condition. We also found effects on faecal testosterone levels, with 
increased levels after the enrichment condition albeit not statistically 
significant.

Conclusions

Our findings suggest that biologically-relevant scent enrichments may 
trigger natural species-specific behaviours, with potential implications 
for conservation breeding of zoo-based endangered lemur species, 
and highlight that combining more assessment methods may assist 
with evaluating the impact of environmental enrichments.

Keywords 
scent enrichment, behavioural observations, sexual behaviours, 
mating, faecal endocrinology, semiochemistry, gentle lemurs, ruffed 
lemurs
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Introduction
Zoo populations are typically managed to provide the public with education about wildlife and their environmental
challenges, and to uplift endangered species through both ex-situ conservation breeding and in-situ reintroduction
programmes (Schulte-Hostedde&Mastromonaco, 2015). In this context, themaintenance of the genetic variation of such
captive populations is imperative (Lacy, 2009). However, captive populations, potentially serving as buffers against
extinction, may experience problems that impair them from being viable for reintroduction into thewild. Specifically, zoo
populations may face reproductive issues which inhibit them from serving as viable ‘reserve populations’ (Meier, 2016).
Furthermore, managing zoo populations is challenging because of the mismatch between natural and captive environ-
ments (Carroll et al., 2014). Primates evolved distinct behavioural patterns, and difficulty in engaging in these behaviours
can cause frustration or boredom, which, in turn, can lead to stress and development of abnormal behaviours (for around
50% of zoo animals) (Hosey, 2005) that undermine their individual welfare and their breeding success.

To maintain captive healthy populations, with good genetic variability and thus high survival rate in case of reintroduc-
tion, modern zoos take part in conservation breeding programmes (e.g., European Association of Zoos and Aquaria
(EAZA)’s Ex situ programmes – EEP). Moreover, as reproductive success is linked to the degree of similarity
between captive environmental conditions and those that animals would experience in the wild (Meier, 2016), zoos
use environmental enrichments to improve the well-being of captive populations. Environmental enrichments and
conservation breeding are closely related, as enrichment is a dynamic process that modifies an animal’s environment,
prompting a wider range of species-specific behaviours (Ben-Ari, 2001) promoting resiliency to stress, which in turn
helps animals recovering from adverse stimuli (Quirke & O’Riordan, 2011), as well as improving the exhibit from the
perspective of visitors (Carlstead & Shepherdson, 1994). Furthermore, enrichment can foster the essential abilities that
animals would need for their survival if reintroduced into their natural habitat (Rioldi, 2013). Additionally, conservation
breeding programmes, through breeding management recommendations, maximize the genetic diversity and reduce the
loss of genetic variation associated with genetic drift, which can be rapid in small captive populations (Ballou et al.,
2010).

With almost 60% of primate species currently facing an extremely or very high risk of extinction in the wild, raising
global awareness of the difficulty of the world’s primates is vital (Estrada et al., 2017). Among primates, lemurs are the
most endangered taxa; around a third of the 107 species currently living in Madagascar are classified as critically
endangered, while almost all of them are at risk of extinction (IUCN, 2023). Lemurs are endemic toMadagascar, which is
a recognized biodiversity hotspot and arguably the top priority for primate conservation (Mittermeier, 2014). Moreover,
several captive lemur populations are also struggling, in terms of both abundance and demographic trend, almost as much
as their wild counterparts, and currently would not support reintroduction into the wild (Meier, 2016). However,
captivity, unlike the wild, is a human-controlled environment and thus it is possible to enhance captive breeding via
environmental enrichment and evidence-based facilitation of breeding (Meier, 2016).

The overarching aim of this research work was to develop new scent enrichments to enhance breeding success of zoo-
housed lemurs. To achieve this, we investigated the chemical profile of the anogenital odour secretions of successful
breeding females, then reproduced the chemical mixture in our semiochemistry laboratory (focusing on volatile
compounds) and tested it with unsuccessful breeding pairs (i.e., biologically able to reproduce but never been successful
as a breeding pair). Then, to assess the effects of the scent enrichment, we combined behavioural observations (focusing
on sexual behaviours) with faecal endocrinology (focusing on sex hormones).

Specifically, we aimed to:

• Identify the key compounds that convey information about female lemur fertility.

• Design novel scent enrichments made up by species-specific chemical mixtures signalling female fertility.

• Evaluate whether the newly designed scent enrichments trigger sexual behaviours.

Methods
This study adheres to the ARRIVE guidelines (Vaglio, 2024).

Ethical considerations
The use cases/studies followed the institutional and international guidelines for the care and use of captive animals,
involving non-invasivemethods for obtaining behavioural data, faecal and odour samples from the lemurs.Moreover, the
studies were conducted in compliance with the Convention on Biological Diversity and the Convention on the Trade in
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Endangered Species of Wild Fauna and Flora and approved by the Life Sciences Ethics Committee (LSEC) at the
University of Wolverhampton (UK) (REC numbers LSEC/201819/CY/166 and LSEC/202021/SV/52) and the Ethics
Committees at Jersey Zoo (Channel Islands), Parc Zoologique&Botanique deMulhouse (France), BirminghamWildlife
Conservation Park, Dudley Zoo&Castle, Shaldon Zoo –Wildlife Trust, Twycross Zoo, and ZSLLondon Zoo (UK). The
authors made all possible efforts to ameliorate harm to animals, which was achieved by using non-invasive methods to
collect samples (including behavioural data and biological samples such as anogenital odour secretions and faeces) from
the study subjects.

Study subjects and housing
We studied four pairs of gentle lemurs (Hapalemur alaotrensis) (N = 8), hosted at Birmingham Wildlife Conservation
Park (UK), Parc Zoologique & Botanique de Mulhouse (France), Jersey Zoo (Channel Islands) and ZSL London Zoo
(UK) (Fontani et al., 2022), and four small groups of red ruffed and black-and-white ruffed lemurs (Varecia spp.) (N=15)
at Dudley Zoo & Castle, Shaldon Zoo – Wildlife Trust, and Twycross Zoo (UK) (Elwell et al., unpublished data). All
study troops were housed in indoor enclosures (heated to 25-28°C) and had access to outdoor enclosures.

Study protocol
We divided the study period into three phases: pre- enrichment (i.e., before enrichment condition – two weeks),
enrichment (i.e., during enrichment condition – one week), post- enrichment (i.e., after enrichment condition – two
weeks). We carried out behavioural observations and faecal sampling every study day from early morning to early
afternoon, as they aremore active in themorning (~8AM-1PM, 5 hours per day), over five days perweek.We assessed the
effects of the enrichment combining the observation of sexual behaviours (including mating) and faecal endocrinology
(e.g., faecal testosterone levels in males).

Odour sampling and investigation
We collected anogenital odour samples by rubbing 10 times a sterile cotton swab around the wall of the vulva, using
steady pressure, as described by Vaglio et al. (2021a). Moreover, we exposed control swabs to the air to identify any
compounds that did not derive from the lemurs. We placed all samples and controls into sterile vials and immediately
stored them in a �20°C freezer at the zoo. We then transferred the vials to the Rosalind Franklin Science Centre,
University ofWolverhampton, using a freezer box with ice packs to avoid any risk of defrosting, for laboratory analyses.

We investigated the volatile component of odour signals using solid-phase microextraction (SPME) and gas
chromatography-mass spectrometry (GC-MS) techniques, as described by Walker & Vaglio (2021). Briefly, we
introduced a 65 μm polydimethylsiloxane/divinylbenzene SPME syringe needle through the vial septum and exposed
the fibre to the headspace above the sample in the vial for 15 min at 40 °C. We analysed the adsorbed volatile analytes of
all samples using a 5975C mass spectrometer (Agilent Technologies) EI, 70 eV, coupled directly to a 7890B gas
chromatograph (Agilent Technologies) equipped with a fused silica HP5-MS UI capillary column (Agilent Technolo-
gies) 30 m� 0.25 mm crossbonded 5%-phenyl-95% dimethylpolysiloxane, film thickness 0.25 μm. We maintained the
injector and transfer line temperatures at 270 °C and 280 °C, respectively. We made injections in splitless mode (purge
valve opened after 1 min) with a constant flow of helium carrier gas of 1 ml/min. We started the oven temperature
programme at 45 °C for 2 min, then raised it by 4 °C /min to 170 °C, and finally by 20 °C/min to 300 °C 40.

We assessed possible environmental contamination via blank analyses using an empty 10 ml vial (Supelco) and control
swabs following the same procedure as for the samples and conditioned the fibre at 260 °C pre-injection for 5 min and
260 °C post-injection for 20min to avoid any possible carry-over effects.We analysed all samples in a short period of time
to minimize inter-assay variability. We overlaid chemical profiles from control swabs on lemur chemical profiles to
identify compounds that did not derive from the lemurs and removed these from the swab results.

We tentatively identified eluted compounds by comparing the experimental spectra with those of the mass-spectral
library in ChemStation (Agilent Technologies) and NIST Database (National Institute of Standards and Technology),
version MSD F.01.01.2317 (Agilent Technologies). We accepted a putative identification if the minimum matching
factor was higher than 90%.After that, we carried out the unequivocal identification of the key compounds distinguishing
the fertile window of the breeding female comparing these compounds with standard compounds injected and analysed
by applying the same SPME and GC-MS protocol (Elwell et al., unpublished data).

Scent enrichment
Briefly, we diluted each chemical compound separately, placing 1.5 mL of HPLC grade methanol (Fisher Chemical, Cat.
number 10499560) in 15 mL test tube, adding 5 μL of compound and 3.5 mL of de-ionised water, and then we vortexed
for 15 seconds to dissolve the compound in the mixture. We compared both the retention times of key compounds and
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standards and the overall patterns of the mass spectra. We accepted the identification only if both the parameters were
satisfied. Once the identification was certain, we added 1 mL of each diluted compound into a new test tube and vortexed
for 30 second to produce the scent mixtures to test as olfactory enrichment.

We then presented the enrichment to the study subjects applying the protocol described in Vaglio et al. (2021b). Briefly,
we used white cotton sheets cut into 75 cm long and 5 cm wide strips, which were soaked with 20 drops of scent mixture
diluted with 12 ml of cold boiled water. Newly soaked cotton strips were prepared each enrichment day. We placed
2 unscented (controls) and 6 scented strips on the climbing frames both indoor and outdoor (Figure 1) and removed them
at the end of observations every study day. To avoid habituation, we randomized the locations of both scented and
unscented cotton strips daily.

Behavioural data collection
We collected behavioural data using all occurrences of some behaviours, instantaneous scan, and ad libitum sampling
methods (Altmann, 1974) and focused on sexual behaviours (Table 1). For each study subject, we determined the relative
frequency of each behavioural category, calculating the number of behaviours performed out of the total hours of
observation.

We performed the inter-observer reliability test to measure the degree of agreement in the behaviour identification by the
different observers at the zoo facilities (Wark et al., 2021). Specifically, we used Cohen’s Kappa coefficient to measure
the agreement between the observers.

Faecal hormone sampling and measurements
We collected faecal samples every morning during study days (i.e., when behavioural observations were conducted),
right after defecation was observed, when the identity of the study subject was certain. As diurnal secretion patters of
hormones, such as testosterone, may be detected in faecal samples (especially for small-bodied species), we restricted the
sampling period to approximately the same time of the day (Hodges & Heistermann, 2011). We stored the samples in a
�20 °C freezer on site immediately after sampling. At the end of the study period, we transferred the samples to the
Rosalind Franklin Science Centre – University of Wolverhampton using a cold bag with ice packs to avoid any risk of
defrosting.

Figure 1. Male gentle lemur interacting with scent enrichment in the outdoor enclosure at Birmingham
Wildlife Conservation Park. Photo by Georgia Callagan with permission.
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Hormone analyses

We used a freeze-drying machine (Beta 1–8 LSC plus, Christ R) to lyophilize the faecal samples for 72 h, and then we
pulverized them using a pestle and mortar. We sieved the faecal powder through a stainless-steel strainer, aperture
250 mic, to separate the faecal residue from any fibrous material. With regards to extraction, we followed the methods
described in Fontani et al. (2022). Briefly, we extracted 0.05–0.1 g of faecal powder in 3 ml of 80%methanol (Scientific
Laboratory Supplies, Cat. number CHE2536) using a 15 ml plastic tube and vortexing it for 15 min with a multi-tube
vortexer (Multi-Vortexer V-32, Grant Instruments R). Right after centrifugation for 20 min at 3,300 �g, we stored the
supernatant at �20 °C.

When analysing faecal hormones,we considered the time course of hormonesmetabolite excretion relative to the production
and circulation of the native hormones (Hodges & Heistermann, 2011; Wheeler et al., 2013). We measured faecal
testosterone levels using commercially available enzyme-linked immunosorbent assay (ELISA) kits (DetectX® Testoster-
one K032-H5W, Arbor Assays R, USA, Cat. number K032-H5) following kits instructions. Before analysis, we diluted
all the samples 1:1with the assay buffer provided by the kits.We assayed all standards and faecal samples in duplicates,with
samples showing a coefficient of variation (CV) exceeding 15% being re-analysed (Macagno et al., 2020). We analysed
assay data applying a 4-parameter logistic fitting programme (MyAssays R, – open access, available online at https://www.
myassays.com/index.html). Concentrations were expressed as pg/mg. Mean intra-assay coefficient of variation for
testosterone, tested on three control samples (all males), was 9.35% � 2.57. Mean inter-assay coefficient of variation,
tested on the same samples measured with four replicates across three assay plates, was 5.96% � 1.42 for testosterone.

Use cases
The above described methods have been previously implemented in our studies (odour sampling: Vaglio et al., 2021a;
odour investigation: Walker & Vaglio, 2021; scent enrichment protocol: Vaglio et al., 2021b; behavioural and
endocrinological data collection: Maréchal et al., 2011; Fontani et al., 2022; Vaglio et al., 2021b).

As case studies to show how the methods are expected to be implemented by the research community, we report the
results that we obtained with regards to gentle lemurs (Fontani et al., 2022; Fontani et al., unpublished data) and ruffed
lemurs (Varecia spp.) (Elwell et al., unpublished data).

Gentle lemur case study – Odour results
We unequivocally identified four compounds (2-heptanone; 3-heptanone; 3-octanone; 4-methyl 3-hexanone) that were
only present in the chemical profiles of anogenital odour samples collected during the fertile window of the breeding
period. A representative chromatogram from the fertile window is shown in Figure 2.

Gentle lemur case study – Behavioural results
The frequency of male sexual behaviours significantly increased (β � SE = 0.605 � 0.211, t-value= 2.865, p-value =
0.0046) during the enrichment condition compared to the pre-enrichment condition. The post-enrichment condition also
showed a higher frequency of sexual behaviours than the pre-enrichment condition with a significant tendency (β� SE =
0.323 � 0.184, t-value = 1.754, p-value = 0.081).

Table 1. Ethogram (Fontani et al., 2022; Elwell et al., unpublished data).

Behaviour Description

Sniffing/Licking
Conspecific
Genitals

An individual deliberately places their nostrils/tongue within 3 cm from a conspecific and
sniffs/licks. Primarily sniffing of the genital area but may include other parts of body.

Mounting Attemptmounting –Themale approaches the female, clasps, orients body for copulation. The
female chatters at and/or cuffs the male, and the male releases the female.
Mounting with copulation – The male mounts on top of the female and thrusts. The male
introduces sperm into the female reproductive tract.

Solicitation Squeal approach – The male advances submissively towards the female in a quivering crawl.
Head may be extended, and ears flattened. The male will emit a roar-shriek noise and the
female will also make this noise in chorus.
Suspension – The male suspends himself beneath the female and makes a chattering noise/
acts submissive. His head may be extended and ears flattened.
Follow – The male approaches the female from behind and follows closely.

Penile erection
Mating calls

The male shows a conspicuously erect red penis.
The female produces distinct single or series of calls, while soliciting copulation and during
mating.
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Gentle lemur case study – Endocrinological results
We did not find any significant relationship between faecal testosterone levels and the study period (p-value > 0.05).

Ruffed lemur case study – Odour results
We unequivocally identified 12 compounds (benzaldehyde; 1-hexanol, 2-ethyl; benzyl alcohol; dihydromyrcenol;
1-octanol; 2-phenyl-2-propanol; tetrahydrolinalool; linalool; nonanal; menthol; decanal; 2-phenoxyethanol) as being
key to the breeding period (i.e., including compounds present only in the breeding period and compounds with much
higher relative abundance over the breeding period) in the chemical profiles of anogenital odour samples collected during
the breeding period. A typical chromatogram from the breeding period is shown in Figure 3.

Figure 2. Example chromatogram from female gentle lemur (Hapalemur alaotrensis), anogenital odour
sample from fertile period. The peaks of the key compounds are pointed out with a red arrow.

Figure 3. Example chromatogram from female red ruffed lemur (Varecia variegata rubra), anogenital odour
sample from breeding period. The peaks of the key compounds are pointed out with a red arrow.
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Ruffed lemur case study – Behavioural results
Therewas a significant effect of period onmale sexual behaviours. Ruffed lemurs increased their sexual behaviours while
the scent enrichment was present (Est = 2.069; SE = 1.008; z = 2.052; P = 0.040). In comparison, sexual behaviours
continued throughout the study after scent exposure and were highest during the post-enrichment period (Est = 1.931;
SE = 0.486; 3.978; P < 0.001) (Figure 4).

We found that mating behaviours specific to the breeding season were triggered in males once exposed to the scent
enrichment. Overall, there was a significant effect of period on mounting in males and this was highest while the
enrichment was present (Est = 2.998; SE = 0.817; z = 3.671; P < 0.001; R2 = 0.228).

Ruffed lemur case study – Endocrinological results
We found a large, but not significant (p-value > 0.05), increase of mean faecal testosterone concentration in the post-
enrichment condition following scent exposure (Figure 5).

Discussion
Applying our semiochemistry methods (Walker & Vaglio, 2021) we found a pool of volatile chemical compounds
distinguishing the chemical profile of anogenital odour secretions released by female lemurs during the breeding period,
suggesting that there might be fertility-specific signals associated with female scents. After that, we tested our novel scent
mixture (Fontani et al., 2022; Elwell et al., unpublished data) and showed that it triggered sexual behaviours, including
mating, but no statistically significant effects were found on male faecal testosterone concentration.

Our findings suggest that biologically-relevant scent enrichments may trigger natural species-specific behaviours.
Novel scent enrichments have, therefore, the potential to impact on captive management and conservation breeding of

Figure 4. Themean count perhour of sexual behaviours bymale ruffed lemurs (Varecia spp.) during each study
period. BW indicates black-and-white ruffed lemurs (Varecia variegata variegata); RR indicates red ruffed lemurs
(Varecia variegata rubra). A * indicates a significant difference (*: P = 0.05-0.01; **: 0.01 > P = 0.001; ***: P < 0.001).

Figure5. Themean faecal testosteroneconcentration (pg/mg)of ruffed lemurs (Varecia spp.) duringeachstudy
period. BW indicates black-and-white ruffed lemurs (Varecia variegata variegata); RR indicates red ruffed lemurs
(Varecia variegata rubra). A * indicates a significant difference (*: P = 0.05-0.01; **: 0.01 > P = 0.001; ***: P < 0.001).
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endangered lemur species. These results also highlight that combining more assessment methods (behavioural obser-
vations and faecal endocrinology) may assist with evaluating the impact of environmental enrichments (although it often
proves difficult to find statistically significant changes in faecal hormone levels due to confounding variables).

We, however, must acknowledge some limitations that could have impacted the use cases. First, we focused on a
relatively small sample size. Then, due to the small pool of odour samples, it is challenging to mix the compounds in
proportions that reflect exactly the real ratios of the anogenital odour secretions released by the fertile female lemurs.
Thus, we aim to conduct further investigations on the chemical profile of the female odour secretions (including non-
volatile compounds) and expand the sample size when testing the mixture of compounds conveying information about
female fertility (including several unsuccessful breeding groups hosted in various institutions).

Data availability
Open Science Framework: Design and test of novel scent enrichments to enhance breeding of zoo-housed lemurs. https://
doi.org/10.17605/OSF.IO/W35YZ (Vaglio, 2024).

This project contains the following:

- Behavioural and endocrinological datasets

- Completed ARRIVE checklist

Data are available under the terms of the Creative Commons Zero “No rights reserved” data waiver (CC0 1.0 Public
domain dedication).

Acknowledgements
We are grateful to BirminghamWildlife Conservation Park (especially Les Basford, Gareth Davies and primate keepers),
Dudley Zoo & Castle (especially Christopher Leeson and primate keepers), Durrell Wildlife Conservation – Jersey Zoo
(especially Eluned Price, Rachel Cowen and primate keepers), Parc Zoologique & Botanique de Mulhouse (especially
Brice Lefaux and primate keepers), Shaldon Zoo – Wildlife Trust (especially Zak Showell and primate keepers),
Twycross Zoo (especially Mat Liptovszky, Freisha Patel, Jessica Rendle, Lisa Gillespie and primate keepers), and
ZSL London Zoo (especially Lewis Rowden and primate keepers) for their support to the project and assistance with
sample collection. We thank Wild Place Project – Bristol (especially Will Walker, Daniella Pierce-Butler and primate
keepers) for their help with the pilot study of The Enriched Primate project. We also thank Sherkhan Arangala, Joshua
Cox, Elysse Lloyd, Georgia Callagan and Anna Beatrice Costantini for assistance with data collection; Keith Holding,
David Walker and Matthew Palframan for assisting with chemical analyses, and David Luckhurst for helping with the
endocrinology laboratory setting up at the Rosalind Franklin Science Centre—University of Wolverhampton; Stefano
Kaburu for assisting with statistical analyses; Giovanna Marliani and Pier Attilio Accorsi for advising with the
interpretation of the physiological results. Furthermore, we thank the University ofWolverhampton’s Animal Behaviour
and Wildlife Conservation Group members for their constructive comments and suggestions.

References

Altmann J: Observational study of behavior: Sampling methods.
Behaviour. 1974; 49: 227–266.
Publisher Full Text

Ballou JD, et al. : Demographic and genetic management of captive
populations. Wild Mammals in Captivity: Principles and Techniques for Zoo
Management. The University of Chicago Press; 2010.

Ben-Ari E:What’s new at the zoo? Zoo biologists are taking a scientific
approach to improving the quality of life for captive animals.
Bioscience. 2001; 51: 172–177.
Publisher Full Text

Carroll SP, et al. : Applying evolutionary biology to address global
challenges. Science. 2014; 346: 1245993.
PubMed Abstract|Publisher Full Text|Free Full Text

Carlstead K, Shepherdson D: Effects of environmental enrichment on
reproduction. Zoo Biol. 1994; 13: 447–458.
Publisher Full Text

Estrada A, Garber PA, Rylands AB, et al. : Impending extinction crisis of
theworld’s primates: Why primatesmatter. Sci. Adv. 2017; 3: e1600946.
PubMed Abstract|Publisher Full Text|Free Full Text

Fontani S, Kaburu SSK, Marliani G, et al. : Anogenital scent-marking
signals fertility in a captive female Alaotran gentle lemur. Front. Vet.
Sci. 2022; 9: 940707.
PubMed Abstract|Publisher Full Text|Free Full Text

Hodges JK, Heistermann M: Field endocrinology: Monitoring hormonal
changes in free-ranging primates. Field and Laboratory Methods in
Primatology: A Practical Guide. 2nd Edition. Cambridge University Press;
2011.

Hosey GR: How does the zoo environment affect the behaviour of
captive primates? Appl. Anim. Behav. Sci. 2005; 90: 107–129.
Publisher Full Text

The International Union for Conservation of Nature (IUCN): Red List of
Threatened Species. accessed on 13 October 2023.
Reference Source

Page 9 of 17

F1000Research 2024, 13:123 Last updated: 05 JUL 2024

https://doi.org/10.17605/OSF.IO/W35YZ
https://doi.org/10.17605/OSF.IO/W35YZ
https://creativecommons.org/publicdomain/zero/1.0/
https://doi.org/10.1163/156853974X00534
https://doi.org/10.1641/0006-3568(2001)051[0172:WNATZ]2.0.CO;2
http://www.ncbi.nlm.nih.gov/pubmed/25213376
https://doi.org/10.1126/science.1245993
https://doi.org/10.1126/science.1245993
https://doi.org/10.1126/science.1245993
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4245030
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4245030
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4245030
https://doi.org/10.1002/zoo.1430130507
http://www.ncbi.nlm.nih.gov/pubmed/28116351
https://doi.org/10.1126/sciadv.1600946
https://doi.org/10.1126/sciadv.1600946
https://doi.org/10.1126/sciadv.1600946
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5242557
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5242557
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5242557
http://www.ncbi.nlm.nih.gov/pubmed/35967991
https://doi.org/10.3389/fvets.2022.940707
https://doi.org/10.3389/fvets.2022.940707
https://doi.org/10.3389/fvets.2022.940707
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9366254
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9366254
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9366254
https://doi.org/10.1016/j.applanim.2004.08.015
https://www.iucnredlist.org/


Mittermeier RA: Lémuriens de Madagascar. Conservation International &
French National Museumof Natural History. TheUniversity of Chicago Press;
2014.

Lacy RC: Stopping evolution: Genetic management of captive
populations. Conservation Genetics in the Age of Genomics. Columbia
University Press; 2009.

Macagno A, et al. : Analytical performance of thrombospondin-1 and
cathepsin D immunoassays part of a novel CE-IVD marked test as an
aid in the diagnosis of prostate cancer. PLoS One. 2020; 15: e0233442.
PubMed Abstract|Publisher Full Text|Free Full Text

Maréchal L, et al. : Impacts of tourism on anxiety and physiological
stress levels in wild male barbary macaques. Biol. Conserv. 2011; 144:
2188–2193.
Publisher Full Text

MeierK:Blueeyeson red lists: Conservationandthe futureof theblue-
eyed black lemur. (Unpublished award - winning anthropology
papers. 2016.

Quirke T, O’Riordan RM: The effect of a randomised enrichment
treatment schedule on the behaviour of cheetahs (Acinonyx jubatus).
Appl. Anim. Behav. Sci. 2011; 135: 103–109.
Publisher Full Text

Rioldi ED: The influence of conservation breeding programs on animal
communication and behaviour – a literary review. (Unpublished
thesis - Mälardalen University. 2013.

Schulte-Hostedde AI, Mastromonaco GF: Integrating evolution in the
management of captive zoo populations. Evol. Appl. 2015; 8: 413–422.
PubMed Abstract|Publisher Full Text|Free Full Text

Vaglio S: Design and test of novel scent enrichments to enhance breeding
of zoo-housed lemurs. [Dataset]. OSF. 2024.
Publisher Full Text

Vaglio S, et al. : Olfactory signals and fertility in olive baboons. Sci. Rep.
2021a; 11: 8506.
PubMed Abstract|Publisher Full Text|Free Full Text

Vaglio S, et al. : Effects of scent enrichment on behavioral and
physiological indicatorsof stress in zooprimates. Am. J. Primatol.2021b;
83: e23247.
PubMed Abstract|Publisher Full Text

Walker D, Vaglio S: Sampling and analysis of animal scent signals. J. Vis.
Exp. 2021; 168: e60902.

Wark JD, Wierzal NK, Cronin KA: Gaps in live inter-observer reliability
testing of animal behavior: A retrospective analysis and path
forward. J. Zool. Bot. Gard. 2021; 2: 207–221.
Publisher Full Text

Wheeler BC, Tiddi B, Kalbitzer U, et al.:Methodological considerations in
the analysis of fecal glucocorticoid metabolites in tufted capuchins
(Cebus apella). Int. J. Primatol. 2013; 34: 879–898.
PubMed Abstract|Publisher Full Text|Free Full Text

Page 10 of 17

F1000Research 2024, 13:123 Last updated: 05 JUL 2024

http://www.ncbi.nlm.nih.gov/pubmed/32421745
https://doi.org/10.1371/journal.pone.0233442
https://doi.org/10.1371/journal.pone.0233442
https://doi.org/10.1371/journal.pone.0233442
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7233579
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7233579
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7233579
https://doi.org/10.1016/j.biocon.2011.05.010
https://doi.org/10.1016/j.applanim.2011.10.006
http://www.ncbi.nlm.nih.gov/pubmed/26029256
https://doi.org/10.1111/eva.12258
https://doi.org/10.1111/eva.12258
https://doi.org/10.1111/eva.12258
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4430766
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4430766
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4430766
https://doi.org/10.17605/OSF.IO/W35YZ
http://www.ncbi.nlm.nih.gov/pubmed/33875713
https://doi.org/10.1038/s41598-021-87893-6
https://doi.org/10.1038/s41598-021-87893-6
https://doi.org/10.1038/s41598-021-87893-6
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8055877
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8055877
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8055877
http://www.ncbi.nlm.nih.gov/pubmed/33660885
https://doi.org/10.1002/ajp.23247
https://doi.org/10.1002/ajp.23247
https://doi.org/10.1002/ajp.23247
https://doi.org/10.3390/jzbg2020014
http://www.ncbi.nlm.nih.gov/pubmed/24098064
https://doi.org/10.1007/s10764-013-9703-y
https://doi.org/10.1007/s10764-013-9703-y
https://doi.org/10.1007/s10764-013-9703-y
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3789889
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3789889
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3789889


Open Peer Review
Current Peer Review Status:    

Version 1

Reviewer Report 05 July 2024

https://doi.org/10.5256/f1000research.158460.r255000

© 2024 Perkins K. This is an open access peer review report distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Kerry Perkins  
Sparsholt University Centre, Sparsholt, UK 

Overall an interesting topic presented. The justification of why the research was conducted was 
well established within the introduction. Potentially giving a greater explanation on how chemical 
signals play a role in reproductive success would lead into the specific aims outlined at the bottom 
of the introduction. 
 
The method section was very detailed which is key with a novel or new methodology. The main 
concern within the methodology is the repetition of 'we' at the beginning of nearly every sentence. 
This made reading feel a bit repetitive due to lack of variation. It would be worth to revisit the 
methodology section and possibly vary the sentences more to give a better flow within the 
section. 
 
Within the results section using subheadings and separation of the two species allowed for clear 
demonstration of the findings. 
 
In the discussion potential considerations could have been given to whether the faecal samples 
methodology gave sufficient sampling considering the change in behaviour within the males. But 
limitations within the studied were outlined well and future research discussed.
 
Is the rationale for developing the new method (or application) clearly explained?
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Is the description of the method technically sound?
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Are sufficient details provided to allow replication of the method development and its use 
by others?
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Are the conclusions about the method and its performance adequately supported by the 
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The present study initially identified olfactory fertility cues in females through chemical analyses. 
Building on this, the study tested whether a synthesised reproduction of this scent mixture is 
suitable for stimulating male reproductive behaviour. This is a very interesting study, the results of 
which could have a real impact on the management and breeding of endangered species. 
 
Overall, the study is very clearly written, the study design is coherent, and the work has academic 
merit. However, some methodological information is missing, which would make the study fully 
comprehensible and allow replication by others. The description of the statistical analysis is 
completely missing and needs to be added. In the results section, a few more details (complete 
graphical representation, exact values of non-significant results) could make the interpretation of 
the results more comprehensible. For the behavioural and endocrinological data, all original data 
are available. For the chemical part, the underlying data are missing; raw data should be added 
here (analogous to the other parts, Excel tables with the intensities of the identified peaks per file 
would be sufficient). The conclusions adequately describe the results but should include a better 
integration of the findings into existing literature and potential applications. Below, I provide 
further details on which contents should be added to round off the study and make it a valuable 
and comprehensible suggestion for using olfactory enrichment for captive animals. 
 
Introduction: 
The first paragraph of the introduction provides many relevant background details, but the thread 
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through the various arguments is somewhat missing. Fundamentally, two main problems should 
be highlighted more clearly: 1) maintaining genetically diverse reserve populations and 2) creating 
conditions that allow the animals to exhibit as natural behaviour as possible. If the latter is not 
achieved, there is a risk of frustration and boredom (the causality here could be better formulated) 
and the problem that such animals might not survive in their natural habitat (this aspect is missing 
entirely and is only briefly mentioned in the second paragraph). 
 
The second paragraph of the introduction nicely highlights the influence of husbandry conditions 
on zoo populations. The last sentence on the impact of breeding management recommendations 
should be moved to the beginning of the paragraph, directly after the introductory sentence 
about breeding programmes. Additionally, the question arises as to whether there are already 
study results showing that improved husbandry conditions have a positive impact on reproductive 
success. If so, this would nicely follow the other cited studies. 
 
The third paragraph summarises the necessity of the study based on the threat status of primates. 
A more current reference on the overall threat status of all primate species would be beneficial. 
The approximately 60% from the 2017 publication has surely been exceeded by now, and a more 
up-to-date status (perhaps based on current IUCN data) would be nice, although the urgency is 
already clear. 
 
The last paragraph of the introduction clearly outlines the study's objectives. Here, the use of 
scent in enrichment is specifically mentioned the first time, and it would be beneficial to provide a 
brief introduction to this topic, including some examples of how scent is or can be used for animal 
enrichment and how it can positively influence behaviour. 
 
Methods: 
The methods are detailed and comprehensible, although some details are missing that would be 
necessary for a study's replication. I have some additional questions: 
- Was there a randomised distribution of different observers (i.e., were the same pairs observed by 
multiple observers, and did each observer watch multiple pairs)? 
- What were the results of the inter-observer tests? 
- Were the behavioural observations conducted 'blind' to the condition and study objective, or 
were the observers informed about the study's aim and the condition being observed (before 
enrichment, during enrichment, after enrichment)? 
- What were the reasons for setting the enrichment condition to one week (shorter than the other 
two conditions)? 
- What were the reasons for using cotton swabs for collecting scent samples? The introduction 
states that the study focused primarily on volatile substances. However, cotton swabs collect 
significantly fewer volatile substances than, for instance, thermal desorption tubes (see our study, 
Kücklich et al. 2017 (Ref 1) , even though a different extraction method was used, the pattern 
should be similar). By choosing this method, a substantial portion of the volatile range of chemical 
profiles, which this study is interested in, might have been missed. A justification for the choice of 
adsorption medium in the methods section and a discussion on how the choice of cotton swabs 
might have influenced the study would be desirable. 
- How were the cotton swabs prepared/cleaned before sampling? 
- How long were the samples stored from collection to analysis in the laboratory? 
- Were the scent samples taken from the same pairs that were also observed in the behavioural 
observations of the "unsuccessful breeding pairs"? Based on the introduction, I would have 
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expected scent samples from "successful" breeding animals and the presentation of synthesised 
scent mixtures to be shown to the "unsuccessful breeding pairs." Why was this not done (if I did 
not miss this detail)? 
- Which version of the NIST database was used? 
- How were the "key compounds distinguishing the fertile window of the breeding female" 
statistically determined? 
- Why was 1 mL of each substance used for the scent mixture instead of adjusting the 
concentrations to match the proportions in the analysed scent samples (surely some were 
significantly more/less intense than others)? 
- From which phases of the cycle were the samples of females taken (the results only state "during 
the fertile window of the breeding period"), and how was the fertile window determined? - The 
description of the statistical analysis is completely missing and needs to be added. 
 
Results: 
The results section is clear and comprehensible, but a few more details should be added: 
- Were there no compounds with significantly higher relative abundance during the breeding 
period in gentle lemurs, similar to those considered in ruffed lemurs? 
- How was it statistically determined which compounds had significantly higher relative abundance 
during the breeding period, or what threshold was used for this? 
- The term "significant tendency" is not appropriate for a p-value of 0.081. It seems acceptable not 
to draw a strict black-and-white line at 0.05 and speak of a "tendency" here, but by definition it is 
not "significant". 
- Why is there no graphical representation of the mean count per hour of sexual behaviours for 
the gentle lemurs, as for the ruffed lemurs? This would help readers better understand the 
statistical results. 
- Why are there two different subtypes of ruffed lemurs mentioned in the plot, but the behavioural 
results are described together in the text? This needs better explanation and alignment (already in 
the methods, but also here between the description and the plot). 
- For the endocrinological results of the ruffed lemurs, the term "large, but not significant" 
difference is used. The magnitude of the result is unclear to the reader as only "p-value > 0.05" is 
provided; a complete presentation of the results with exact values would be desirable. 
 
Discussion: 
The discussion summarises the results clearly and provides some suggestions for future studies. 
In the second paragraph, the first sentence states that the study triggered "natural species-
specific behaviours." This should be more specifically related to sexual behaviours because there 
are many other natural behaviours one could consider that were not the focus of the study. 
Proper integration of the results into existing literature is completely missing, and a few 
discussion points are also lacking. For example: 
- Is it surprising that the compounds related to the fertile window of the breeding period differed 
completely between the two study species with no overlap? 
- Have these compounds been found in other studies on primates or mammals in relation to 
reproduction? 
- After what period of time would a change in male faecal testosterone concentration be expected? 
- Are there other studies to compare with? 
- What would be the recommendation on how other animal facilities could use these findings? 
- Can the results likely be generalised or applied to other species and settings? 
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Minor comments: 
- At the end of the description of the GC-MS program, there is a '40' that does not belong there. 
- There are two different spellings of "ml"/"mL" in the manuscript that should be standardised. 
 
Can the authors be sure, that this special compound mixture evoked the behavioural changes? 
The authors mentioned some blanks, but did not discuss them. Moreover, there was no classical 
control condition with having only stripes with random odour substances not being the compound 
mixture being important for reproduction identified in the chemical analyses and observing 
potential behavioural changes to them.Theoretically, any compound mixture could evoke 
behavioural changes just because of the additional enrichment and ideally this would be tested in 
a control condition comparison as well. 
 
References 
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mammals.PLoS One. 2017; 12 (8): e0183440 PubMed Abstract | Publisher Full Text  
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ensure full reproducibility?
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Lisa Clifforde  
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Elwell et al. present a study on the application of biologically relevant scent based enrichment to 
increase the occurrence of sexual reproduction behaviours in two species of zoo housed lemurs. 
This subject area of scent based enrichment is understudied within zoos, as is the use of 
enrichment to facilitate breeding, therefore the study has useful application within the field. 
 
The introduction provides an explanation as to the need for captive breeding programmes, and 
the more specific issues facing lemurs. They also discuss the challenges to successful captive 
breeding programmes and discuss why this area merits further investigation. However, the 
authors cite Hosey (2005) alongside the claim that 50% of zoo animals exhibit abnormal 
behaviours. This is a misrepresentation of this paper, in that it only discusses primates, not all zoo 
housed animals, and also does not contain any quantified figures as to the prevalence of 
abnormal behaviours. The link between the use of enrichment to further the aim of the study is 
not well explained, and the referenced paper by Meier (2016) does not cover the subject area, 
beyond a brief mention of appropriate light cycles. Furthermore, the rationale to trial biologically 
relevant scent based enrichments is also not explained or developed, leading the reader to 
wonder why this area of enrichment was decided upon. The introduction would benefit from a 
discussion of enrichment, including a definition (given the wide variation of interpretations in use), 
and why the authors hypothesised scent would aid in captive breeding attempts. 
 
The technical methodology of extracting odour samples and faecal hormone sampling is not with 
the scope of the reviewer to evaluate. The study protocol describes a two week before enrichment 
condition, a one week during enrichment condition, and a two week post enrichment condition, 
but the difference in condition durations is not explained. An explanation as to why faecal 
testosterone was chosen as a measurable parameter is absent from the text. A brief note as to 
why this is the most relevant indicator would be helpful. 
 
The discussion is notably brief and does not consider why the use of scent elicited the observed 
behaviours, or how the enrichment could be utilised in the longer term, or wider context to 
benefit conservation breeding programmes. The results of this study are promising and should 
the extraction of odours be logistically and financially achievable, then the findings are widely 
applicable to a broad range of zoos and species. However, without further explanations as 
recommended above, it would be difficult for many zoos to understand how or why this approach 
provides an advantage over any other.
 
Is the rationale for developing the new method (or application) clearly explained?
Partly

Is the description of the method technically sound?
Yes
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Are sufficient details provided to allow replication of the method development and its use 
by others?
Yes

If any results are presented, are all the source data underlying the results available to 
ensure full reproducibility?
Yes

Are the conclusions about the method and its performance adequately supported by the 
findings presented in the article?
Partly
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