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ARTICLE INFO ABSTRACT

Article History Funaria hygrometrica Hedwig (Bryophyta, Funariaceae), a
Received:27/11/2021 cosmopolitan moss, sporulates in most of its habitats. Its ecological variation
Accepted:3/1/2022 i different phytogeographic territories of Egypt was studied as a selected
Available:6/1/2022 556 stydy. Statistical tests and the maximum entropy algorithm were used to
achieve this aim. Moderate temperature and low precipitation were

Keywords: favourable conditions for the newly collected F. hygrometrica samples. The

Mosses, results of MaxEnt showed that the temperature of the coldest months and

MaxEnt, period of drought were the most affecting variables on the distribution of the

Biogeography, species. The obtained distribution model of F. hygrometrica was accurate and

Moss Niches. informative. It showed the expansion of presently studied sampling areas as
well as a probability for the presence of mosses in Wadi EI-Gemmal in the
southeast of Egypt.

INTRODUCTION

Mosses (Bryophyta) play important roles not only in natural ecosystems but also
in scientific and applied systems (see Horn et al., 2021). Mosses exist worldwide and are
found in almost every environment (Mazzoni et al., 2012). They have the ability to absorb
and retain moisture (poikilohydric). They prefer humid areas but also survive either with
little water on rocky and shallow substrates or submerged in lakes and rivers. Also, several
species are xerophytic, i.e. adapted to the dry, hot desert (Glime, 2007).

The environmental conditions of Egypt do not fulfil the requirements of the majority
of mosses. Egypt belongs to a hot desert-arid climate, based on the Képpen classification
(Chen and Chen, 2013). But the Nile valley and Oases are influencing macro- and micro-
habitats of the plants.

The, hitherto, known moss flora of Egypt, based on about four decades of study, is
represented by 192 taxa (Khalil and Farag, 2018; Taha, 2020; Abou Salama et al., 2021),
reported from 11 out of the 15 phytogeographical territories (ElI-Saadawi et al., 2015) to
which the country is divided. However, the production of a moss flora of Egypt has not been
accomplished yet because of many reasons (El-Saadawi, 2019). Consequently, using
prediction methods e.g. species distribution models (SDMs) is important to compensate for
this shortage in our knowledge.

Species distribution models are algorithms and are widely used for analyzing
relationships between environmental factors and habitats of a species (Elith and Leathwick,
2009). SDMs help in understanding the environmental (ecological) requirements and
evaluating their quality for the species, and predicting the potential habitat of species (Yi et
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al., 2016). In addition, SDM estimates species’ niches, and then projects those niches onto
the landscape and informs decision-making in survey and conservation processes (see
Guisan and Thuiller, 2005; Elith and Leathwick, 2009; Aradjo et al., 2011).

Studies published on modelling moss distribution are scarce. Most of them have used
the maximum entropy algorithm (MaxEnt; Phillips et al., 2006) only or combined with other
algorithms. MaxEnt is a very flexible modelling algorithm (Elith et al., 2006) even with low
sample sizes (Pearson et al., 2007) and depends on presence-only data (Phillips et al., 2006).
It works with the help of environmental covariant layers. The efficacy of default features of
MaxEnt has been tested for many species and environmental conditions (Phillips and Dudik,
2008). It evaluates the produced maps concerning the habitat suitability of the species via a
jackknife test (Yi et al., 2016) and estimates model performance using Area Under Curve
(AUC) of the receiver operating characteristics (ROC) (Pearson et al., 2007).

Herein, the study represents the first investigation about the distribution modelling
of mosses in Egypt. Funaria hygrometrica Hedwig (Bryophyta; Funariaceae), the most
abundant moss in Egypt, is our model of study. It has been reported in 10 out of the 11
surveyed phytogeographical territories of the country (El-Saadawi et al., 2015). It is a
pioneer moss in natural habitats with high dispersal ability and fugitive life strategy (During,
1972). In general, the various populations of F. hygrometrica strongly showed the presence
of climatological (thermal) ecological races within the species (Dietert, 1980).

This work aimed to statistically investigate the ecological variations of F.
hygrometrica through the major part of its spatial environmental ranges and habitat diversity
in Egypt and to determine the bioclimatic variables affecting distribution via species
distribution modelling. The work also aimed to Investigate the ability to use this species for
predicting the habitats suitable for mosses in Egypt.

MATERIALS AND METHODS

Plant Materials:

Twenty-five samples of F. hygrometrica were collected from northern to southern
parts of Egypt to represent seven out of 11 phytogeographical territories in which mosses
were surveyed in the country (Table 1). The distribution of sampling sites is clearly shown
in figure 1. The sites include Kafr EI-Shaikh, Al Qalyubia, Beny Suef, Menia, Asuit and
Aswan around the Nile valley, while Cairo, Ismailia, Suez, and Al-Wadi Al-Jadid away
from the Nile valley.

Identification of the samples was confirmed by matching with herbarium samples at
CAIA and/or with available moss floras and other published works. A part of each sample
was preserved in the CAIA herbarium-Bryophytes section under the herbarium names
(CAIA-Fh-201- CAIA- Fh-225) (Table 1).

The materials include also old herbarium samples of F. hygrometrica (about 200
samples), kept at CAIA. They were revised their collection data. These samples were
collected in the period 1979 to 1987 from 10 phytogeographic territories. Unfortunately,
GPS data for these old samples are absent on envelopes (Table 2), but only the general
locality was reported e.g., Benha in Al Qalyubia and El-Galaa bridge in Ismailia. These
data of governorates were used only for confirming the quality of the distribution model.
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Table 1. Data (Herbarium number, location, habitat, date of collection, Longitude, latitude

and phytogeographic territory (Ph.T.)) of the 25 recently collected Funaria

hygrometrica samples.

No. | Herbarium No. Location Habitat Date |Lomg. | Lat. | Ph.T.
1 | CAIAFR20] |EafrElShaikh Qilin On soil beside water basin 472018 | 30.86 | 31.04 | Nd
2 | CAIAFR202 |AlQalyubia-Al Khanksh | Onmud below water pot 32018 | 31.37 | 3023 | Nd
3 | CAIA-FR203 | Cairo-Abbassia On cement, below water tap 32017 | 31.28 | 3008 | Cai
4 | CAIA-Fh-204 | Cairo-Ain Shams on mud below a broken drainage pipe 52017 | 3135 | 3004 | Cai
5| CAlARn0s | CuroRas AlSuez-ol On 2 thin Slm of mad, on a vertical wall 52017 | 3136 | 3013 | ca
6 | calaBuos |CHrFas AlSuez-dl On 2 thin flm of mad, on 3 vertical wall 42018 | 3136 | 3013 | ca
7 | CAIAFR207 | CairoMisr Al gededs On seil below a water pot 52016 | 31.32 | 3009 | Ca
s | calafuoos | Bem SuefBamy3day On limestone inside a drainage canal 52017 | 3117 | 2919 | M-
g CAIA-Fh-209 | Beny Suef-Tana Bam Malu | On cement of a water basin, near a water pump | 32017 [ 31.01 | 29.01 | N+
10 CAIA-Fh-210 | Bany Suef-El-Wasta city On cement of a dry irrigation basin sumny area | /2015 | 31.20 | 29.35 | N
11 | CAIAFEI1l |Beny Suef-Bahns mamcrial | O limestone inside a dry drainage canal, 42015 | 3126 | 2944 |

Sunny area

Beny Suef-El-Wasta, Emn | On cement, outside a dry basm, in shade of S . .

12 | CAIAFRIID | CFEF Prr——— 42015 | 3125 | 2935 | W

15 | cAlaFnars |WediElladidFrafa-abu o oo o e 22012 | 27.67 | 26.50
Mingar

14 | CAIAFR214 |WadiEl Jadid Frafia Frafra | On cement, inside a water basin 2012 | 27.96 | 27.06

15 | carammos Mema-begirming of Mania- p:!.a{!:inla}'er of mud U.na“all ofan 3016 | 3077 [ 2811 | 2
Aswan desert road irmigation canal, near a water pump

16 | CALAFna1g |Memiabezimung of Memia- | Onathinlayer of mud. on a wall of an 32016 | 30.77 | 2811 | v
Aswan desert road irrigation canal, near a water pump

17 | CAIAFR217 | AsuitMarkaz Al Badari On a water pot 12012 | 3143 | 26.99

18 | CAIA-FR-213 | Asuit-Markaz Al-Badari On limestone of a water canal 12012 | 3143 | 2699 | W
Asman-Marsa botamical On a cemented wall, near Berth ships beside S - _

19 | caams |5 e, 22017 | 3290 | 24.09 | Mo

20 CAIA-FR-220 | Aswan-Feryal Garden Omn md near erevices m a cementad wall /2017 | 3289 | 2408 | Nn

31 | CAIA-Fhoy |Tomeilia-Altal Alkabier- | o bk vall of 2 water basin 127014 | 3182 | 3051 | Di
ezbet mansour

. - Iemailiz-west Kantara-Abu | On a thm layer of mud above a red brick wall . i

21| CAlATR-IR Ehalifs, Ezbet Fl Saaidah of a water reseroir 1272004 | 32.25 13078 | D
Tsmailia -Tsmaikia city- Ein

23 CAIA-Fh-223 | ghoseen village, Ezbet O wet mud of a small water canal /2015 | 3226 | 3051 | In
Elkamak

24 | CAIAFhyg |Lmailia-fayed city- On 3 wet rad brick wall, shadsd arsa 1202015 | 3231 | 3048 | Di
Sarabruem village

25 | CAIAFR225 | SuscWadi Hagoul On sand beneath plants 32016 | 3220 | 2992 | De

* Cai: Cairo area; Dg: Galala Desert; Di: Isthmic Desert; Nd: Nile Delta; Nn: Nile Nubia; Nv: Nile Valley;

O: Oasis of Western Desert.

Table 2. Data of old Funaria hygrometrica samples kept at CAIA herbarium;

No. Governorate No. of H.S.* | Year of collection

1 Al Dakahlia 7 1979

2 Damietta 1 1980

3 Al Faiyum 14 1983

4 Al Gharbiyah 7 1979

5 Ismailia 65 1986-1987

6 Menofia 7 1979-1980

7 Al Qalyubia 21 1979-1980-1983
8 Ash Shargia 72 1980-1985

9 South-Sinai 1 1983

10 Kafr EI-Shaikh 2 1980

* No. of H.S.: number of available herbarium samples
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Fig. 1. Basemap of Egypt showing collection sites of the 25 newly collected samples of
Funaria hygrometrica.

Ecological Data of Funaria hygrometrica and Statistical Analyses:

Nineteen bioclimatic variables (Bio 1-19) of the world with 30-sec resolution from
Worldclim (Fick and Hijmans, 2017) were employed as environmental layers. Eleven
variables represent bioclimatic data related to temperature i.e., Annual Mean Temperature
(Biol), Mean Diurnal Range (Mean of monthly temperature (max temp - min temp)) (Bio2),
Isothermality ((Bio2/Bio7)x100) (Bio3), Temperature Seasonality (standard deviation
x100) (Bio4), Max Temperature of Warmest Month (Bio5), Min Temperature of Coldest
Month (Bio6), Temperature Annual Range (Bio7), Mean Temperature of Wettest Quarter
(BC8), Mean Temperature of Driest Quarter (Bio9), Mean Temperature of Warmest Quarter
(Biol10), Mean Temperature of Coldest Quarter (Bioll).

The remaining eight variables represent precipitation bioclimatic data i.e., Annual
Precipitation (Bio12), Precipitation of Wettest Month (Bio13), Precipitation of Driest Month
(Biol4), Precipitation Seasonality (Coefficient of Variation) (Biol5), Precipitation of
Wettest Quarter (Biol6), Precipitation of Driest Quarter (Biol7), Precipitation of Warmest
Quarter (Bio18), Precipitation of Coldest Quarter (Biol19).

The bioclimatic data of the occurrences were extracted from 19 bioclimatic layers
using Arc-GIS (10.2) toolbox via spatial analyst tool — extraction — sample. The extracted
data of bioclimatic values of occurrences were subjected to descriptive and clustering
statistical analyses using Excel 2016 and XISTAT (v. 2020). Z-score is used to transform
data before calculation of the correlations (Spearman) between bioclimatic variables. The
agglomerative hierarchical clustering (AHC) of points was done to get the best clustering.
Distribution Modelling of Funaria Hygrometrica:

MaxEnt was used for mapping the distribution of F. hygrometrica and determining
which bioclimatic variables have the highest impact on its distribution in Egypt. SDM
depended on the 25 newly collected samples. The bioclimatic layers of Egypt were extracted
from the layers of the World (Fick and Hijmans, 2017).

The parameters of MaxEnt were selected based on the previous publications of
mosses modelling (Song et al., 2015; Sandanov and Pisarenko, 2018; Pisarenko and
Makunina, 2020) and the MaxEnt options (Merow et al., 2013). They were: ‘Auto features’,
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percentage of test sample = 25%, the maximum number of iterations = 1000, subsample
procedure with 15 replicates and the other settings as default.
The Accuracy Estimation of The Maxent Models:

Area Under Curve (AUC) was used to estimate model performance. In addition,
MaxEnt calculates the percentage of contribution (CP) and permutation importance (PMI)
of each bioclimatic variable. The variable importance for the species in the produced maps
was evaluated by a jackknife test (Yi et al., 2016) as the jackknife test determines the most
useful environmental variable either through the determination of the highest gain when used
in isolation (by itself) or that decreases the gain the most when it is omitted.

Two models were carried out at MaxEnt, using different sets of bioclimatic variables.
The first model utilized 16 out of 19 bioclimatic variables, because biol4, biol7, biol8 had
a value zero with all points. Bioclimatic variables, which had a high correlation between
them (> 0.9 / < -0.9) were removed to minimize the correlation between environmental
variables at the second model. Output map files were then reloaded into Arc-GIS and the
distribution was classified into 4 classes based on the species projected coverage: rare (0-
0.249), moderate (0.25-0.599), high (0.60-0.849) and very high (0.85-1).

RESULTS

The newly collected samples of F. hygrometrica were found with sporophytes in
most of their habitats at an altitudinal range of 0-300 a.s.l. The climatic conditions of habitats
were high temperatures and rare precipitation (Table 3). The maximum temperature was
26.8-34.5 °C and the minimum temperature was 12.8-19 °C. The average precipitation was
very low 1.4 mm, but some samples depended on the nearby source of water in their habitats
i.e., irrigation water, or sewage water, or underground water.

Table 3. The altitude (Alt) and climatic data (maximum temperature (Tmax), minimum
temperature (Tmin), precipitation (ppt.)) of the studied 25 Funaria hygrometrica
samples. The five classes of samples are based on agglomerative hierarchical
clustering (AHC) and corresponding phytogeographic territories (Ph.T.).

Herbarium No. Alt. | Tmax | Tmin ppt. Class Ph. T.
CATA-Fh-201 4 26.8 13.2 5.7 3 Nv (Nd)
CAIA-Fh-202 16 28.0 14.4 2.0 4 Nv (Nd)
CATA-Fh-203-204 36 28.3 14.6 1.6 4 Cai
CAITA-Fh-205 22 28.3 14.8 1.9 4 Cai
CAIA-Fh-206 22 28.3 14.8 1.9 4 Cai
CAITA-Fh-207 32 28.4 14.9 1.8 4 Cai
CAIA-Fh-208 25 294 13.8 0.6 3 Nv
CATA-Fh-209 28 294 13.3 0.5 3 Nv
CAJA-Fh-210 26 29.3 14.2 0.7 3 Nv
CAJA-Fh-211 28 29.3 14.6 0.9 3 Nv
CAITA-Fh-212 34 29.3 14.4 0.8 3 Nv
CATA-Fh-213 133 304 13.5 0.0 2 0
CAIA-Fh-214 72 30.0 13.2 0.2 2 0
CATA-Fh-215-216 64 29.6 12.8 0.1 3 Nv
CAIA-Fh-217-218 60 30.5 15.0 0.2 3 Nv
CATA-Fh-219 110 34.5 19.1 0.1 1 Nn
CATA-Fh-220 110 34.5 19.1 0.1 1 Nn
CAJA-Fh-221 9 27.7 14.9 2.8 3 Nv (Di)
CATA-Fh-222-223 2 27.3 15.9 3.8 5 Di
CAITA-Fh-224 8 28.4 15.9 2.3 5 Di
CAITA-Fh-225 295 274 14.7 2.0 3 Nv (Dg)

* Cai: Cairo area; Dg: Galala Desert; Di: Isthmic Desert; Nd: Nile Delta; Nn: Nile Nubia; Nv: Nile Valley;
O: Oasis of the Nubian and the Libyan Desert.
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Based on bioclimatic variables, the annual mean of temperature (Biol) of sites of the
collection is about 22 °C while the annual mean of precipitation (Bio12) is about 18.9 £17.7
mm. The minimum temperature of the coldest month (Bio6) is around 7 °C and precipitation
of the wettest quarter (Bio16) ranged from O to 44 mm between the samples. Precipitation
of driest month (Biol4), precipitation of driest quarter (Bio17), and precipitation of warmest
quarter (Biol18) had a value zero with all samples (Table 4).

Table 4. Descriptive data of bioclimatic variables (Bio1-Bio19) of Funaria hygrometrica

Bios Min-Max Median Mean (£5D)
Biol 19.9 - 26.7 6.8 22.1 £1.7
Bio2 11.2-17.1 5.9 13.7 £1.5
Bio3 44.7 - 48.9 4.2 473 £1.2
Bio4 525-699.2 174.2 593.8 £57.6
Bio5 31.5-41.7 10.2 36+£2.6
Bio6 43-938 54 7.1+£1.5
Bio7 24.8 - 35 10.2 28.9+3
Bio8 13.2-19.1 5.9 15.1 £1.5
Bio9 18.8 - 28 9.2 25.3+3.3
Biol0 | 25.8-33.9 8.2 28.8 £2.1
Bioll 13-17.6 4.6 14.3 £1.2
Biol2 0-68 68 18.9 £17.7
Biol3 0-18 18 4.5+4.3
Biold 0-0 0 0+0
Biol5 0-92.8 92.8 53.8+252
Biol6 0-44 44 11.3 £10.6
Biol7 0-0 00
Biol8 0-0 0 00
Biol9 0-44 44 11.1 £10.6

The correlation analysis of bioclimatic variables showed a high correlation between
them based on the bioclimatic data of studied samples (Table 5). As a result, only six
moderate or non-correlated bioclimatic variables were selected i.e. biol, bio3, bio6, bio8,
bio9 and bioll. These variables were related to temperature only. They were used to cluster
the samples via AHC as well as the second SDM.



Distribution Modelling of the Moss Funaria hygrometrica Hedwig in Egypt 7

Table 5. Correlation matrix (Spearman) of bioclimatic variables of the samples of Funaria
hygrometrica.

Bios biol bio2 bio3 bio4 bioS bio6 bio7 bio8 bio9 biolO bioll biol2 biol3 biolS biol6 biol9
biol 1.00

bio2 0.66 1.00

bio3 0.18 -0.04 1.00

bio4 0.63 096 -0.16 1.00

bio5 0.73 096 -0.15 095 1.00

bio6 0.06 -0.49 0.06 -0.47 -0.33 1.00

bio7 0.66 099 -0.08 0.97 097 -047 1.00

bio8 045 0.13 -0.15 020 024 048 0.17 1.00

bio9 -0.26 -0.58 030 -0.59 -0.55 023 -0.57 -036 1.00

biol0 0.82 092 -0.17 092 0.96 -030 0.93 0.26 -0.52 1.00

bioll 0.57 -009 032 -0.12 005 0.79 -006 061 0.15 0.11 1.00

biol2 -0.73 -0.97 0.16 -094 -098 033 -097 -024 0.56 -0.95 -0.04 1.00

biol3 -0.69 -0.96 0.19 -095 -098 035 -097 -0.18 0.55 -095 0.01 0.99 1.00

biol5 -0.60 -093 025 -095 -091 038 -0.94 -027 0.63 -0.89 007 094 094 1.00

biol6 -0.67 -0.95 025 -093 -096 033 -096 -025 0.62 -0.93 -002 098 097 095 1.00
biol9 -0.66 -0.94 025 -0.93 -096 033 -0.96 -025 0.64 -093 -001 098 097 094 1.00 1.00

Values in bold are different firom 0 with a significance level alpha=0.05
* The grey columns represent bioclimatic variables, which are highly correlated with the other

variables and were removed from further analyses.

The samples were divided into 5 groups based on AHC (Table 3 & Fig. 2). The within-
group variation and the variation between all groups are 13.9% and 86.1%, respectively. The
distribution of these 5 groups agreed with the phytogeographical regions of Egypt. The
exception case was the expansion of the territory of the Nile valley to include samples from
the Nile delta (CAIA-Fh-201 and CAIA-Fh-202), Isthmic Desert (CAIA-Fh-221) and Galala
desert (CAIA-Fh-225) (Table 3). In general, this indicated the heterogeneity of ecological
data between the samples under study and its validity to construct SDM all over Egypt.
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Fig. 2. The agglomerative hierarchical clustering of the 25 samples of Funaria hygrometrica
in five phytogeographic territories based on six bioclimatic variables (bio1, bio3, bio6, bio8,

bio9 and bio11).

Cai: Cairo area; Di: Isthmic Desert; Nn: Nile Nubia; Nv: Nile Valley; O: Oasis.
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MaxEnt produced a good distribution model for F. hygrometrica according to the
AUC statistic value. AUC training /AUC tests were about 0.94 / 0.83 with the two species
distribution models of F. hygrometrica. It is distributed with high probability along the Nile
River, its branches until Ismailia in the east, in oases, and at the Red Sea mountains in Egypt
(Fig. 3 A, B). The probability decreases gradually towards the south of Egypt. Its absence
below Aswan was supported by our observation through our fieldwork to the Toushke
region. A rare probability of distribution in the west-Mediterranean coast, Lybian desert, and
Sinai (Fig. 3 A, B).

The first SDM showed that Bio9, Bio10, and Bio18 were the main contributors. Bio5
and Bio3 were the most useful variables in the jackknife test. The second model utilized six
bioclimatic variables (see above). The contribution percentages of Bio9, Biol, and Bio3
were 50.3, 22.5, and 11.3, respectively, while permutation importance was high for all of

them except Bio8. Based on the jackknife test, Bio9 and Biol had the most effects (Fig. 3,
C, D).
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Fig. 3. The map of the SDM of Funaria hygrometrica in Egypt. A: The map of the first
model is based on 16 bioclimatic variables. B: The map of the second model is based on 6
bioclimatic variables. C. The jackknife test of variable importance with the training samples
of the first model. D. The jackknife test of variable importance with the training samples
and AUC of the second model.
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DISCUSSION

Funaria hygrometrica usually produces sporophytes with small, easily airborne
spores (Magdy et al., 2015), which are not restricted to geographical or political borders.
Gabbas and Dormann (2017) mentioned that there is a possibility of the regional data could
reflect the wide range of distribution of the taxon if heterogeneity were achieved between
sampling locations. Here, the analysis of ecological variation of F. hygrometrica at the
regional level (Egypt) could emphasize adapting ranges of the species, especially, the results
showed heterogeneity and clustering of samples into five groups.

MaxEnt models of F. hygrometrica produced well-fit distribution over Egypt as
AUC values were more than 0.90. AUC values of more than 0.75 indicate high fitting of the
models (Mulieri and Patitucci 2019). The distribution model of F. hygrometrica at the level
of Egypt was informative and accurate. The efficacy of distribution maps was confirmed by
the agreement of distribution and probability with the locations and number of the previously
old herbarium samples (see Table 2). For example, the highest records of herbarium samples
were from Ash Shargiyah and Ismailia and both showed a high probability of the presence
of the species. Pisarenko and Makunina (2020) concluded that the accuracy of modelling at
the regional level was better than the global level with the SDM of five mosses i.e.,
Aulacomnium turgidum (Wahlenb.) Schwégr., Eurhynchium angustirete (Broth.) T.J.Kop.
Jaffueliobryum latifolium (Lindb. & Arnell) Ther., Rhytidium rugosum (Hedw.) Kindb., and
Stegonia latifolia (Schwégr.) Venturi ex Broth.

Two models with different sets of bioclimatic variables were carried out because the
correlations of variables could affect their contribution (Guillera-Arroita et al., 2015). The
bioclimatic variables Bio5, Biol0, and Biol8 were among the main contributors and
effective variables at the first SDM, they have been avoided at the second model because of
very high correlations between each other or with other variables. Bio5 and Biol0 were
replaced by Biol, which showed a moderate correlation.

SDM of F. hygrometrica in Egypt showed that Biol, Bio9, and Bioll were the
determining variables of the distribution. we suggested that the importance of these
bioclimatic variables returns to their effects in controlling the stages of gametangia
formation and spore dispersal. The former occurs at low temperature and the latter carries
on at drought (Nakosteen and Hughes, 1978; Dietert, 1980). The affecting bioclimatic
variables vary between various species. Didymodon distributions of Tibet exhibited the high
gains by Biol, Bio6, Bio5, and Biol3 (Song et al., 2015). The distribution of Crossidium
squamiferum was affected by Bio4 and Bio8 (Sandanov and Pisarenko, 2018).

Herein, SDM showed expansion of the suitable areas of F. hygrometrica outside the
collection areas toward the Siwa oasis, Nile Faiyum and the Red Sea. The latter may be a
suitable habitat for mosses and a new promising area, especially the region of Wadi El-
Gemmal, for a survey of moss flora in Egypt. The moss flora in this region has not been
studied before. This agreed with a major assumption of SDMs, that when a random sample
of species distribution is used, the probability of the presence of this species in an area shows
its macroclimatic preference and not a sampling bias (Veloz, 2009; Phillips et al., 2009;
Mateo et al., 2013).

Funaria hygrometrica could be a useful taxon to predict new niches for the presence
of mosses in Egypt, its ability to be used alone as a model is not sufficient. This may return
to two reasons. Firstly, although F. hygrometrica was collected from 10 phytogeographic
regions, the habitats of Egypt represent a wide range of conditions. They were divided into
15 phytogeographical regions based on climatic and vegetation habitats (Tackholm, 1974;
El-Hadidi and Fayed, 1994/95). Secondly, the relation of F. hygrometrica to disturbed
habitats and human activities (Shaw et al., 2003) may be causing disability to represent
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mosses, which depend on precipitation and/or at mountains such as the mosses of the
Mediterranean coast, Sinai, and Gebal Alba.

Our further work will investigate molecular studies of the populations of different
ecological groups for improving our understanding of the variation, adaptation, and diversity
of species.

Acknowledgements

We are very grateful to Dr. Yasmin Hassan (Lecturer-Faculty of Science-Suez Canal
University) and Miss. Haidy Isaac (Teaching assistant- Faculty of Education- Ain Shams
University) for sharing with us the samples of Ismailia and Beny Suef, respectively.

REFERENCES

Abou Salama, U. Y.; Lashin, G. M.; Abdelhaliem, E. M. and Hamouda, G. A. (2021).
Mosses of Dagahlia Province with one new record for Africa and three new records
for Egypt. Bangladesh Journal of Plant Taxonomy, 28(1): 257-270

Araltjo, M. B.; Alagador, D.; Cabeza, M.; Nogués-Bravo, D. and Thuiller, W. (2011).
Climate change threatens European conservation areas. Ecology letters, 14(5): 484-
492

Chen, D. and H. W. Chen (2013). Using the Koppen classification to quantify climate
variation and change: An example for 1901-2010. Environmental Development, 6:
69-79.

Dietert, M. F. (1980). The effect of temperature and photoperiod on the development of
geographically isolated populations of Funaria hygrometrica and Weissia
controversa. American Journal of Botany, 67(3): 369-380.

During, H. J. (1992). Ecological classification of bryophytes and lichens. In Bates, J. W. and
Farmer, A. M. (eds). Bryophytes and lichens in a changing environment. Clarendon
Press, Oxford [England], 1-31

El-Gabbas, A. and Dormann, C. F. (2018). Improved species-occurrence predictions in data-
poor regions: using large-scale data and bias correction with down-weighted
Poisson regression and Maxent. Ecography, 41(7): 1161-1172.

El-Hadidi, M.N. and Fayed, A.A. (1994/1995). Materials for Excursion Flora of Egypt
(EFE). Taeckholmia 15: 1-233.

Elith, J. and Leathwick, J. R. (2009). Species distribution models: ecological explanation
and prediction across space and time. Annual review of ecology, evolution, and
systematics, 40: 677-697.

Elith, J.; H. Graham, C.; P. Anderson, R.; Dudik, M.; Ferrier, S.; Guisan, A.; Hijmans. R,
Huettmann, F. R.; Leathwick, J.; Lehmann, A. and Zimmermann, N. (2006). Novel
methods improve prediction of species’ distributions from occurrence
data. Ecography, 29(2): 129-151.

El-Saadawi, W. (2019). Bryological activities in Egypt, again. The Bryological Times, 148:
5-6.

El-Saadawi, W.; Shabbara, H.; Khalil, M. and Taha, M. (2015). An annotated checklist of
Egyptian mosses. Taeckholmia, 35(1): 1-23.

Fick, S. E. and Hijmans, R. J. (2017). WorldClim 2: new 1-km spatial resolution climate
surfaces for global land areas. International journal of climatology, 37(12): 4302-
4315.

Glime, J. M. (2007). Bryophyte Ecology. E-book sponsored by Michigan Technological
University and the International Association of Bryologists. Accessed on 30th 4
2008 at http://www.bryoecol.mtu.edu/.


http://www.bryoecol.mtu.edu/

Distribution Modelling of the Moss Funaria hygrometrica Hedwig in Egypt 11

Guillera-Arroita, G.; Lahoz-Monfort, J. J.; Elith, J.; Gordon, A.; Kujala, H.; Lentini, P. E.;
... and Wintle, B. A. (2015). Is my species distribution model fit for purpose?
Matching data and models to applications. Global Ecology and Biogeography,
24(3): 276-292.

Guisan, A. and Thuiller, W. (2005). Predicting species distribution: offering more than
simple habitat models. Ecology Letters, 8(9): 993-1009.

Horn, A.; Pascal, A.; Loncarevi¢, 1.; Volpatto Marques, R.; Lu, Y.; Miguel, S.; Bourgaud,
F.; Thorsteinsdéttir, M.; Cronberg, N.; Becker, J. D.; Simonsen, H. T. and Reski,
R (2021). Natural Products from Bryophytes: From Basic Biology to
Biotechnological Applications. Critical Reviews in Plant Sciences, 40: 1-27

Phillips, K. W.; Northcraft, G. B. and Neale, M. A. (2006). Surface-level diversity and
decision-making in groups: When does deep-level similarity help?. Group
processes and intergroup relations, 9(4): 467-482

Phillips, S. J.; Dudik, M.; Elith, J.; Graham, C. H.; Lehmann, A.; Leathwick, J. and Ferrier,
S. (2009). Sample selection bias and presence-only distribution models:
implications for background and pseudo-absence data. Ecological Applications,
19(1): 181-197

Pisarenko, O. and Makunina, N. (2020). Bioclimatic modelling of moss distribution: MaxEnt
interpretation for test species. In BIO Web of Conferences, 24 (00066): 1-5.

Shaw, A. J.; Werner, O. and Ros, R. M. (2003). Intercontinental Mediterranean disjunct
mosses: morphological and molecular patterns. American Journal of Botany,
90(4): 540-550.

Sandanov, D. V. and Pisarenko, O. Y. (2018). Bioclimatic modeling of Crossidium
squamiferum (Viv.) Jur. (Pottiaceae, Bryophyta) distribution. Arctoa, 27(1): 29-
33.

Song, S.; Liu, X.; Bai, X.; Jiang, Y.; Zhang, X.; Yu, C. and Shao, X. (2015). Impacts of
environmental heterogeneity on moss diversity and distribution of Didymodon
(Pottiaceae) in Tibet, China. Plos one, 10(7): €0132346

Tackholm V. (1974). Student's flora of Egypt. Cairo: Cairo University
Veloz, S. D. (2009). Spatially autocorrelated sampling falsely inflates measures of
accuracy for presence-only niche models. Journal of Biogeography, 36(12): 2290-
2299.

Yi, Y. J.; Cheng, X.; Yang, Z. F.; and Zhang, S. H. (2016). Maxent modeling for predicting
the potential distribution of endangered medicinal plant (H. riparia Lour) in
Yunnan, China. Ecological Engineering, 92: 260-269.

ARABIC SUMMARY

»aa b (Funaria hygrometrica Hedwig) Ll ss ailll 31 jadl a6 dadad

1aJMu§hmylihjch§m
‘)m.o"é‘)ﬁ:w\c@u\gﬂ\cu@dﬁc:ﬂu\;‘e}u\@s$ﬁw\ﬁﬁl

Al Al 23 5aiS o jLia) a5 Al g aliea & FSE e b0l agal | LIGYT ded 5 ) 5V (g Ly s 3N 51 3a)
Alan ) ol i aladin) a5 duljall (e Carg) sl | yeany 4l A jrall Ghliall G 8 Sl 4ls
Jshel i) Jaeall 5 Axieall 351 jadl s s o il sl 5 (MaxXENt) o swadl) L s 551 daa ) 53 5
D5l 5,51 5all s o MaxEnt gl <opelal 885 Baos Leaan o5 ) L U il lind 5 5a U5 5l UaaYy)
Lie 5 ads agle Jgemnll ai o2} oy sill 3ais g sill @a)si e 8 sall ol puiall yiad aliall 5 i85 52,4
suaa il se 258 5 Jlatial ) A8l Ayl e 331 3hlie g g sill a5l g sf Gl selal a8 5 il slaally

¥l el Jlas Jleadl g0l 5 dihieS juae 8 4wl Gl i jall 2 sa sl



