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Introduction

Biological invasions are one of the major threats During the study on weeds collected from
to our native biodiversity. The magnitude of biaatisity  agricultural fields and ornamental gardens, two new
and productivity losses as well as land degradatibn species oflpomoea and ‘Anoda cristatd, a doubtful
both manipulated and natural ecosystems due tsiveva species, andMerremia dissecta are reported as new
species is enormous. It has an adverse effect oweeds and probably invasive plants for the flordraf.
maintaining biodiversity and conservation prograars]l  The last two species from the gendmanthemaand
thus could create societal instability (PimenteD20  Merremia which have been previously reported as
Each year many non-native and non indigenous speciedoubtful and ornamental plants, respectively, fnroom-
are introduced to Iran intentionally as ornamerfzbd, agricultural areas, are recorded for the first tifrem
fruit, phytoremidiation, woods and medicinal plants farm and arable lands. These species are desdrired
A large number of weedy and invasive plants are als with brief discussions on their weed potential,
introduced unconsciously via infected seeds of &wn distribution and crops.
grains, vegetables, various imported plant matesakth
as corms, bulbs, rhizomes and some more propagultAnoda cristata (L.) Schlecht.
plus infected soil and manures. In Iran, our edesys  Tehran province: Ornamental Garden of the Iranian
are damaged by the introduced plants in differemysv =~ Research Institute of Plant Protection, 5.10.2009,
such as environmental and public health lossesy ThePahlevani (55428-IRAN).
threaten biodiversity both in flora and fauna df tiegion Erect annuals, 50 cm height, branched. Leaves
by occupying empty niches. They may include sometriangular to ovate-triangular, coarsely toothebhelfy
kinds of pests and diseases within themselves.dBesi pubescent. Petiolate, 2-8 mm long, auriculate,aline
due to invasive behavior, they cause great damsmges filiform. Calyx pubescent, ovate, beaked, 6—11 rongl
different kinds of ecosystems. Ultimately, they smu Flowers bluish purple, corolla 8-10 x 4-6 mm.
major economic and environmental losses to agticellt Schizocarp 10-20 mm, mericarp 14-16, beaked, dgarse
and other aspects of Iran's ecosystems. Althoughand straightly hirsute. Seeds reniforoark brown or
estimating the magnitude of the damage and cootrsts  black(Figs 1 and 2)
of invasive species is extremely difficult, but wiould Anoda cristata (Malvacea¢ is native of the
estimate an assessment of the introduced invasvesp southwestUSA and isreportedas a naturalized plant or
and the cost of their control. Most introduced Biva  weed in Finland, Ecuador, Japan, Porto Rico, Dekmar
species to new places have caused economicallgnd Australia(GCW 2010).Molin et al. (2006) have
significant loss. Unfortunately, there is no relabeport  studied its interference in wide row and ultra oarrow
on the assessment of damages of the non-indigenoumtton. In the United States, it is reported as a
invasive plants in Iran. Certainly, there is anamigneed troublesome weed in crops, gardens, ditches, along
for such assessment. According to existing docusnent roadsides and waste areas (Whitebal.2000).
most of the new weed species and invasive plants
introduced to Iran are reported by governmentalosec | pomoea hederacea Jacq.
such as research institutes, botanical gardensGolestan province: Soybean fields of Aliabad region
municipalities, etc. It might be due to lack of gdate  Gorgan, 2010, Habibian (55430-IRAN).
attention to imported plants, seeds, corms, buld a Annual, vining, herbaceous, the hairs mostly
other imported propagules by private sectors (Djava retrorse. Leaves cordate-ovate, entire or 3-lol2e6,-8
et al 2006, Djavadi 2009, Sajedit al 2006, Nasseh cm long, 2.5-7 cm width, cordate at base, apexeaimut

et al. 2006, Pahlevani 2006). acuminate, pubescent; petiolate. Inflorescencelaaxil
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pedunculate cymes of 1-3 flowers. Peduncles 1-5 cm Annual, succulent, 40 cm high, prostrate or erect.
long, pubescent. Pedicels short, 2-3 mm long.Stems glabrous or often pubescent. Leaves subutataico
Inflorescence bracteates, linear-attenuate or tinea obovate, unequal in size, 13—-35 cm long, 627 cdihwi
lenceolate, 12-18 mm long acd. 2 mm width. Sepals rounded or obtuse, cuneate; Petiole 3-20 mm long,
lanceolate, 15-28 mm long, erect to erect-ascendingpapillose, winged, amplexiacaul. Flowers axillasglitary,
with long erect yellow trichomes. Corolla 5-lobed, sessile at upper nodes, pedicel more or less hialdienver
purple, funnel form, 3 cm long. Fruit capsule, gisb, node. Calyx closely sheathed by the leaf basepédlo
8 mm long (Fig. 3). lobes lanceolate, beaked at apex. Petals absgrgul€aa.
Ipomoea hederaceds an important weed in 4 mm long, 3 mm width, more or less conical. Setds
subtropical areas that interferes with the cropd &n  black, rugose, 2 mm width (Fig. 5).
difficult to control. It is one of 10 worst weeds in almost Trianthema portulacastrunis mentioned in Flora
all crops in the southeast of USA, particularly in Iranica with a reference to two addresses. Bothpkemnm
soybean, cotton and tobacco (Pheloung & Swarbrickhowever, were doubtful (Fadaie 2003). The firstspen is
1999). Itis a common weed in cultivated fields of easternmentioned by Parsa (1948), which mentioned a dinlfec
North America (Whigham 1984). The weedy speciesfrom Baluchistan as a synonymmtfmonogynd.. It seems,
occurs in Africa (Ghana), South America (Braziljsidh  however, that record had been directly taken frma t
(India and Philippines), and it is reported as argatine  working list of Baluchistan Flowering Plants (BurkP09),
weedfrom Australia toqPheloung 1999). which covers only Baluchistan of Pakistan. Themfdhe
sample used in his record could not be attributed t
I pomoea triloba L. Baluchistan of Iran.
Khuzestan province: Dezful, Safiabd Agricultural The second sample mentioned in Flora Iranica was
Research Center, fields and orchards, 2008, 5542%pparently collected by Flyer from Persian Gulfnitm
IRAN. Island, but that specimen as well was not direattigerved
Annual, twining or prostrate, glabrous. Leaves by the authors of Flora Iranica, leaving much rofum
broadly ovate to deeply 3-lobed, glabrous, cordate mistake.
base, margin entire to deeply 3-lobed; Petiolate. The above considerations had caused possible
Inflorescences umbellate cymes, flowers 1 to 3upet®  doubts on the validity of the record ®f portulacastrum
2.5-14 cm long, glabrous, anguldsracts lanceolate- for Iran (Fadaie 2003). The present report verifibd
linear, minute, 4-5 mm long. Pedicel 5 mm long,existing of this species in Iran based on new figdi
glabrous. Calyx slightly unequal, 10-12 mm long, from Jiroft.
glabrous, acute. Corolla pink or pale purple, 1.5n2 Trianthema portulacastrunis reported from many
long, glabrous; limb obtusely 5-lobed. Ovary puleedéc  countries with tropical climate. It is considered a
Stigma 2-lobed. Capsulwistly pubescent (Fig. 4). problematic terrestrial weed by virtue of its iné®n in
This plant is a native for tropical America. It is various agricultural and vegetable crops such astami)
known as a noxious weed or naturalized plant iresdv  maize, potato, onion, cotton, soybean, and sugarcan
countries, including Cuba, Korea, Japan, USA, Alistr  especially during rainy season (Bharathidhasaal 2007).
Palestine, Java, and Taiwan It is a common weed of maize, cotton and vegetatlles
(www.hear.org/gcw/species/ipomoea_triloba). over Pakistan (Saeed & Marwat 2010). It is an duoed
terrestrial weed in India (Anejat al 2000), which has
Trianthema portulacastrum L. become a noxious weed due to competition poteitial
Kerman province: Jiroft, Sesame fields of Sorkh I&ha various agricultural and vegetables crops.
region, 20.7.2010, Mamnoii (54863-IRAN).
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Merremia dissecta (Jacquin) H. Hallier

Khuzestan province: Dezful, Safiabad Agricultural 2-2.5 cm long, mucronulate, leathery. Fruits capsul
Research Center, Citrus orchard, 10.11.2006, Pahilev 2 cm diameter, subtended and partially surroungetthd
(44497-IRAN). calyx (Fig. 6).

Twiners, herbaceoussparsly spreading hirsute. Merremia dissectavas firstly discovered in the
Leaves palmately divided almost to the base, sklges,  Caribbean and later was introduced throughout thrdw
sinuate to sinuate-dentate or irregularly pinnatebbed, = The species has been used as a condiment, medioithe,
glabrous. Petioles 2.5-7 cm long. Flowers solitaryornamental, but it has also escaped in severak drea
or cymose. Calyx ovate-lanceolate, glabreubequal, become a weed, especially in soybean fields. In

Australia, it is listed as an important weed (Ang007).

Fig. 1. Anoda cristat: A. Habit Fig. 2. Anoda cristata B. Calyx,
C. Flower, D. Schizocarp, E. Seed.
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Fig.3. I[pomoea hederaced. Habit, B. Flower. Fig. 4pomoeatriloba: A. Habit, B. Calyx, C. Flower

Fig. 5. Trianthemaportulacastrum A. Habit, B. Flower gFB.Merremia dissectaA. Habit, B. Seed.
and petiole, C. Part of calyx, ovary and stamens.
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Abstract

In the present study, a modelling approach based on

Geographical Information Systems (GIS) analysigprissented
with the aim of identifying the influence of envimental
parameters on three genera, namBiytula, GrimmiaandBryum
as representatives of Iranian bryoflora. By usingGAS Desktop,
we produced a model for environmental variablesidecaltitude,
precipitation, temperature and humidity. To test thodel, we
surveyed the effect of selected geographical amitoamental
variables including altitude, latitude, annual meaecipitation,
maximum, minimum, and mean temperatures and hynudit
distribution pathern of these three genera. Wit localities, 52
samples oBryum (48%), 33 samples @rimmia (30%) and 24
samples offortula (22%) were recorded. The digital models that
we achieved revealed interesting results. Altitudap shows
strong preference within three genera for mountsinegions.
Almost all species limited to the regions receipamper amount of
average rainfall. Temperature digital map shows egative
relationship between temperature and bryophytesibdison.
Modelling the four environmental parameters of fpaovides the
means for a quantitative analysis of the distiiouéind abundance
of vegetation types in every selected area, thsrs allowing
guantification and prediction of environmental efffe on
vegetation distribution. Istimulates the use of GIS in botanical
investigations by putting a collection of freegxelnt, high quality
formatted data into the hands of botanical reseesch

Keywords: Altitude, humidity, precipitation, temperature,

vegetation maps
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Introduction

Species distribution is strongly influenced by The most important ability of GIS is to analyze
geographical and environmental factors. Differentperplexing spatial and non-spatial data. In otherds,
elements of geographical factors such as topograpbdy GIS can combine and simultaneously show the spatial
altitude or soil gradients and environmental fagteuch  data, the position of species on earth, with their
as annual mean relative humidity, annual meandescriptive dataThese data can be linked to geography
temperature and annual mean precipitation haveeatdi in a number of ways through GIS; for linking progese
or indirect influence on species distribution. Thisong  need to once enter specimen-related data to alkbwo u
relationship between the presence of the organisdh a quickly produce mapsnd derive a variety of results.
the environmental variables allows us to prediairth It can not only determine habitat biodiversity taiso
distribution (Johnson 2005). Overlapping specieta da identify high priority places for collecting andrerving
and digital climatic layers help us in two ways: to plans. The use of GIS is recommended as a more
identify potential sites of species occurrence, @od effective approach than either manual methods o no
define hotspots of richness in flora. Therefore,isit spatial automated means, of making biodiversity
essential that a taxonomist makes a relation betweeassessment (Salem 2003). According to the fact that
these data and maps in order to illustrate theiloligion systematic and floristic works are tremendouslyofab
and ultimately take useful decisions in conservatio intensive and involve inordinate amounts of cldngark
plans. and other relatively unskilled labor (Bletter al. 2004),

A powerful tool for this purpose is Geographical today this system helps taxonomists to classify and
Information Systems (GIS). The use of GIS to modelanalyze the huge amount of data accurately.
plant distribution in conservation actions has éased The process of changing data to maps in GIS
and diversified in recent years (Draper 2003).d?Pattof  helps to have a wider outlook on landscape andigired
bryophyte diversity and conservation value can bepotential vegetation. A phenomenon exhibit spatial
predicted from landscape features that are readilycontinuity; however, it is not always possible torple
available from a GIS (Vanderpoortet al 2005). The every location. Therefore, unknown values must be
role of GIS is to integrate and analyze all fornidlata  estimated from data taken at specific location taat be
for assessment and monitoring purposes. sampled. A best definition for the estimation pss@

botany is predictive vegetation mapping that ifuténg

- Geographical Information Systems (GIS) the geographic distribution of the vegetation cosifan

The most widely used definition of GIS is a across a landscape from mapped environmental Vasiab
computer-based system that captures, stores, mmnagd€Franklin 1995). Potential vegetation maps represen
analyses and displays geographic data (Salem 2003kseful tool for environmental management becausg th
Records of species or habitat can be stored inabdse synthesize different types of knowledge about dadity
and mapped to show where they occur. A large wadet of the territory, which are difficult to integraten
data potentially enter into a GIS-based databaok; f any other way (Felicisim@t al 2002). Computerized
instance, in a biological databank, family, gerspecies  predictive vegetation mapping is made possible Hey t
name, locality, date, substrate, altitude, latitude availability of digital maps of topography and athe
longitude, collector(s) name, image, map of disitidm environmental variables such as soils, geology and
etc. of each specimen can be recorded. To connedalimate variables and geographic information system
databanks to GIS software and change them to Gd8eba software for manipulating these data (Franklin 99%
databank, they must have a geographic property ohave an accurate prediction, the first step istidigg the

spatial characteristic that can be mapped.
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raw data including sample points and environmentaluser from other detailed knowledge about the speicie
variables; a process that produces digital temraidel. question. For example, a species may be knowndoroc
The "Digital Terrain Model" (DTM) is simply a within a range of annual precipitation (pre-definesd
statistical representation of the continuous serfaicthe  within a certain range of ratios between clay asdsin
ground by a large number of selected points witbvikm  the soil. These together with other data can beennaid
X, Y and Z coordinates in an arbitrary coordinagdf It a hypothetical model of the species range.
is also a process of mathematical modelling. Inhsac During the last two decades, using computer
process, points are sampled from the terrain to bescience substantially helps taxonomists in both
modeled with a certain observation accuracy, demsitl  accelerating the process of identifying organisms a
distribution; the terrain surface is then represérty the  showing their close relationship to the environment
set of sample points (lat al. 2005).In fact, X and Y are Based on Scottet al (1987) and Davis (1990),
longitude and latitude of sample points and Z can b combination of data systems and geographic dathl cou
other attributes such as height, slope and enviemtah be of even greater utility, scientists tended te us
variables. geographical software in order to realize how teeact
Those data that are not compiled in digital formto their environment. Scotet al (1993) overlaid
have difficulty in four ways. First, in retrievinghe distribution maps for individual species in the GiS
metadata [i.e. the collection data and attributeshe produce maps of species richness which can beecreat
specimen(s) associated with each point on the mapfor any group of species of biological or politicaierest.
second in selecting and combining distribution sett®t  Joneset al. (1997) concluded the GIS analysis climate
for various organisms, third, performing spatiatistics  data to map the potential distribution of a spedgesa
on the distributions and finally, overlaying specie powerful method to assist germplasm collectors and
distributions onto maps of soils, climate and othermanagers. Flatheet al (1997) mapped vegetation and
environmental variables (Blettet al 2004). species distributions represent basic ecological
GIS system is, therefore, plenty of programs thatinformation required in any reserve selection effor
display individual points as different sizes, stmp@d  Results of Sadler & Bradfield's survey (2000) iadé
colors based on their relative quantitative val@se of  that, bryophyte specimens show unique responsiin
the newest programs is ArcGIS9.3 @éuwcGIS for relationships to environmental conditions with a@the
Desktop; software that enables us to discover patte members of these plants. According to Austin (2002)
relationships and trends in our data that are eatlity = who believed: "We achieve improvements in statitic
apparent in databases, spreadsheets or statisticalodelling based on ecological concepts"; Vandergoor
packages. Beyond displaying our data as points on §002) also proved that, combining information @il s
map, ArcGIS Desktop gives us the power to manage ancondition, land use and species distribution erthbketo
integrate our data, perform advanced analysis, hattk  predict the occurrence of species. He believedfryte
automate operational processes and display ouitsesu  diversity significantly correlate with forest canopnd
professional-quality maps (Esri website). reach a maximum in forest grid-squares includinigjwe
microhabitats hosting a rare bryoflora (Vanderpewrt
- Biological modelling 2003).Bletteret al. (2004) examined the correlation of a
Nowadays, scientists have created complexspecies distribution with environmental factors tsas
models of species distributions using combinatibmap  elevation or rainfall in a qualitative fashion by
layers. This involves different geographical and simultaneously displaying both the species coltecti
environmental values such as elevation or raitifi@git are  points and the environmental factor map layer

built into a base map, combined with data derivedhe
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Modelling these relationships, leads taxonomists2004, Felicisimoet al 2002, Wohilgemuth 1998 &
to represent species-related predictionsGagsanet al. Chefaoui 2005).
(2006) reckon practitioners need reliable predictions of Some global programs such as the Global
species distributions to evaluate properly the ichpz Biodiversity Information Facility (GBIF), Lifemappe
climate and land-use changes on the distributionand national or regional efforts, such as CONABIO i
composition, structure and function of communitydan Mexico, SPICA in Colombia, BioCASE in Europe and
ecosystemsA wide variety of modelling techniques have CRIA in the state of S&o Paulo, Brazil were desigime
been developed for this purpose including genezdliz the world(Cayuelaet al 2009, but in Iranit is the first
linear models, generalized additive models, bioatim time that a digital environmental map is designadtiie
envelopes, habitat suitability indices and the tjene bryophytes.
algorithm for rule-set prediction (GARP) from which
Species Distribution Modelling (SDM) has become - Why bryophytes?
increasingly popular in recent years among reseasch Bryophytes as one of the pioneer plants play an
Cayuelaet al (2009) discussed on different aspects ofactive role in making the habitats and reachingrthe
applications of SDM methods including quantifyinget climax. They are also the most diverse group ofilan
environmental niche of species, testing bio-gedujcap, plants after the flowering plants (Mishler 2001t lolue
ecological and evolutionary hypotheses, assessingo difficulties in their identification, and lack titerature
species invasions, assessing the impact of clinkabel  from tropical areas, they have rarely been included
use and other environmental changes on speciem biodiversity surveys (Pharet al 1997). Special
distribution. SDM methods suggest sites of higreptal importance of geographical and environmental factor
of occurrence for rare unexplored species and stipgo  bryophytes diversity and wide range of geographical
conservation planning and reserve selectipecifically,  features and variable climate of Iran, demand more
distribution maps, accurate datasets can makesgilple = accurate surveys on reaction between these vasiable
to formulate and test hypotheses to explain arutedict In spite of profitable floristic attempts to coltec
distributions through examining layers and (moreand identify bryophytes in Iran such as Ahmatlial
rigorously) calculating statistics on the data bdhthe (2004 & 2007), Shirzadiaet al (1989-2011), Frey &
layers which is part of spatial modelling. Kirschner (1977-2010) attempts, there is no suorey
Sommer et al (2003) designed a useful modelling the diversity of bryophytes. To reachsthi
biodiversity model: BIOM (Bio-climatic model for ¢h  approach, the aims of the present research amaking
extrapolation of species ranges and diversity pagje  a digital map for Iran, b) modelling the distribori
They recommend using types of ecological datagagch pattern of three generBortula, Grimmia and Bryumin
standards, gradients of temperature, precipitatod Iran using digital data, c) realizing how bryopls/tere
aridity, to provide principle niche dimensions and influenced by selected environmental elements,
representing accessible data even in data-pooongegi d) identifying gaps in collecting bryophytes inrraand
On a grid-cell basis, the computer program autarahyi e) selecting protected areas according to habitat
compares the habitat conditions of a certain speeie  suitability for endangered bryophytes.
indicated by the collection sites of corresponding
specimens with the abiotic conditions of all griells Materials and Methods
within the study-area. Other scientists introducehs - Taxa selection
models for better understanding of the relationveen In order to model plant distribution patterns, kigh
ecological factors and different organisms (Vargasl dispersed taxa which represent the diversity of

bryophytes are included in biodiversity surveysthsae
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genera,Tortula, Grimmiaand Bryumfrom three families To use available data more effectively, we
Pottiaceae GrimmiaceaeandBryaceae respectively are  prepared a file in Microsoft Office Excel 20G@rmat
selected as the most widespread and diverse taxa dficlude environmental data: annual mean precipitati
bryophytes in Iran. They are common from northern(mm), maximum temperature (° C), minimum tempeeatur
humid habitats to arid places in the south, so tteybe  (° C), mean temperature and humidity (%o).
appropriate representative samples of bryophyterslity In some of the old attempt, because the foreign
in Iran. bryologists were not familiar to the localities the
addresses were vague; therefore, we could notdaclu
- Data collection them in the maps.

To model a piece of terrain surface, first a set of The localities of 59 species reported by Akhani &
data points needs to be acquired from the surfadeed,  Kirschner (2004) do not have exact addresses; hence
data acquisition is the primary (and perhaps tinglsi they all had to be excluded in predicting procdss.
most important) stage in digital terrain modelliig recent years, different taxonomists transfer sopeeiss
et al 2005). Therefore, as first step, we investigatedto other genera; to be more up-to-date, we haverded
literatures for inclusion the previous attemptsdeearch  them with their new combinations (Appendix 2).
(Stérmer 1963, Frey & Kirschner 1977, 1983 & 2010,

Kirschner 1996 & 2008, Akhani & Kiirschner 2004, - GIS analysis

Ahmadi et al 2004). In order to get better result from By using ArcGIS 10, the analog data (Microsoft
field works, populated the distributions, obtaineg Office Access and Microsoft Office Excel format) nee
vouchers which were collected between 1984-2011 andhanged to digital graphical vector data (poimteJiand
preserved in "IRAN" Herbarium. polygon) in shape file format. In fact, ArcGIS by

After selecting some places for the occurrence of'display X and Y data" option, produce vector d&.
three bryophyte genera, we collected new samplgsgiu and "Y" are "longitude" and "latitude" in our datasn
February to August 2010 and calculated the positibn Microsoft Office Excel format.
each locality precisely with the Global Positioning Different shape files must have the same
System (GPS). In order to elaborate the environatent coordinate system in order to conform to a mode); s
model of above-mentioned genera, several datansgts  after producing the shape files, we set the coatdin
included such as: altitude (m), latitude (°), Iaade (°), system for them in Arc Catalog. Interpolation irgithl
annual mean precipitation (mm), maximum temperatureterrain modelling is used to determine the Z vadfie
(° C), minimum temperature (° C), mean temperaftire point by using the known Z values of neighboringnp
C) and humidity (%). The data sets of environmentalinterpolation techniques can be classified accgrdm
variables during a five-year period (2003-2007) ever different criteria and they can be used for diffgre
obtained from Iran Meteorological Organization withs  purposes. One of the most commonly used techniques

interpolation of scatter points is Inverse Distance
- Databank Weighted (IDW) interpolation in spatial analyst isoAt

Species data include family, genus and specieshe end of this stage, we have interpolated mapedoh
name; locality, date of collecting, substrate,tadte, environmental variable.
latitude, longitude and collector's name, obtairfieshn In order to make a model that gives information
literature references, fieldwork performed durim@02—  about the surveyed environmental variables, théeras
2011 and herbarium records were entered into ddaka layers convert to vector (polygon) (Figs 3—-7). Aftieat,

in Microsoft Office Access 2007 software (Appendix vectorized layers were intersected two by two, andhe
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end, a predictive digital map for four environménta Bryum neodamense endangeredB. schleicheriand
variables  (altitude, temperature, humidity and B. uliginosumare critically endangered ar@d. ovalis
precipitation) was produced. As the final steps thiyer  considered as vulnerable species (Smith 2004) while
intersects with bryophytes points' layer. The fitsglout  Tortula astomaandT. demawendicare endemic to Iran
model has an attribute table in which Z value ofhea (Kurschner 2007) (Appendix 1).
variable combine with the position of bryophytesy B The "IRAN" Herbarium with 66 samples of
using this final model, one can identify the ramfeach  Tortula, Grimmia and Bryum in comparison with
variable for distribution pattern of each genus.eTh published papers until now, has the most expanidéd f
summarized table is in Appendix 3. In this tablacke trips in bryophytes in Iran. Although, about 80%add
species has been followed by their classes on eactecords are re-collected, Bryum muehlenbeckii
environmental variable. To know the range of edahs;  B. pallescens B. turbinatum (extinct) and Grimmia
see the maps' legends (Figs 3-7). orbicularis are not found yet.
According to the digital models, the distribution

Results patterns ofTortula and Grimmia species are somehow

In the present survey, 15 provinces were coveredpverlapped. Altitude map shows strong preferencthimvi
i.e. Tehran province with 26 and Mazandaran pravinc three genera for mountainous regions (Alborz angt@a
with 16 bryophyte samples with respect not onljtte ~ mountains) (Fig. 4). However, species Bfyum are
most field trips, but also highest percentage ofscattered everywhere from cold coastal area (1500
biodiversity in Iran (20 species of Tehran and fi8cses  the north to warm southern islands; in contr@tmmia
of Mazandaran, respectively). Ardebil and Busheter a and somehowortula are limited to mountainous regions
the poorest provinces in field trips and unfortehgat (Figs 3 & 4). In spite of being sensitive to high
there is no record for the rest of 15 provinceg.(B). temperatures, three species are found in hot southe

Within 108 localities, 52 samples oBryum  areas B. weigelii Minoo island,B. dichotomumNegin
(48%), 33 samples gbrimmia (30%) and 24 samples of island andT. obtusifoliaDehkuyeh) (Fig. 5). Humidity
Tortula (22%) were recorded (Fig. 1). By adding theseand precipitation maps show a clear difference. The
data to the latest checklist (Akhani & Kiirschnef2)) percentage of humidity does not influence bryopbyge
55 species (28ryum 13 Tortula and 16Grimmia) were  much as the amount of rainfall does. Almost allcépe
known from Iran from which Bryum turbinatum  limited to the regions received proper amount cfrage

Grimmia anodonand G. elatior are becoming extinct, rainfall (Figs 6 & 7).
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Discussion

In order to test the model, we surveyed the effectdata! Taking into account that the species are @dminin
of selected environmental variables on bryophytethe north strip; they are almost rare in Persianf'€su
distribution pattern by using the attribute tabfefiaal coastal area, so for bryophytes, temperature isemor
model (Appendix 3). limiting than altitude.

At the first glance, altitude digital map shows Based on humidity digital map and attribute table
strong preference within three genera for mountzno of the final model (Fig. 6 and Appendix 3), nonetloé
regions (Fig. 4). Although in Zagros mountainsythee = genera occupies the range of 8 to 33 percentages of
restricted in the range between 800-2000 m, in ®&lbo humidity (class 1). For instanc&rimmia species are
mountains, the altitudinal range is more effecttwe. more abundant in a range between 41 to 60 percsntag
However, in north strip of Iran, altitude is notimiting of humidity (classes of 3 and 4) in Zagros mourdam
factor. The species are scattered from coastalalodd  regions. In contrasBryumspecies are highly affected by
(1-500 m) to mountainous regions (1000-2000 m). Outhe levels of humidity; almost all of them needt6080
result is in agreement with Wohlgemuth (1998) iatth percentages of humidity (classes of 3 to 5), eithahe
the altitudinal range is the most important deteamt of  north or in the south of the country. Only two séspf
environmental diversity and the most significanttéa Bryum species fall in class 2 (33-41I)jortula samples
for explaining species distribution. Ah-peagal (2007) are equally scattered between classes 2 to 5 inditym
also showed that altitude controlled the diversatyd  classes. It, therefore, seems altitude range isotilg
distribution of bryophytes. limiting factor forTortula distribution.

Based on the final model, speciesRifyum are Almost all species limited to the regions received
scattered in lowlands as much as highlands. Tweitty proper amount of average rainfall. Except one sseci
samples are found in classes of six and five and 2(T. viridifolia, class 1), the rest of them need at least 200
samples in other classes, while these classd®itula mm precipitation in a year and occupy classes tif 3
are the most populated; 16 samples in classeseofind  (184-1734). Within these three gendggaimmiasamples
four versus seven samples in two high clagbi&s 4 and  are limited to classes of three and four (318-8d8he
Appendix 3) In contrast witlBBryumandTortula, species range of rainfall (Fig. 7 and Appendix 3). Sampésvo
of Grimmiaare limited to highlands. From 33 samples of other genera almost equally occupy the high classes
Grimmia, 25 samples are scattered between classes @speciallyBryumthat have 44 samples in classes of 5 to
6 to 4(Fig. 4 and Appendix 3)n fact, these species are 3 and ultimately;Tortula have the most records for these
found in every mountainous region in Iran througk t classes too, without any samples in the second elad
year, but in winters, they turn dry with black hpar one sample in the first class. Therefore, it isioby that
cushions. almost all the species are limited to classes wf fo

Temperature digital map shows an obvious three.
negative relationship between temperature and Distribution of some species such as
bryophytes distribution (Fig. 5). Classes of fiveddour Bryum alpinum B. caespiticium B. capillare
in temperature (20-31° C) involve three samples inB. pseudotriquetrumGrimmia orbicularis G. laevigata
Bryum six samples inTortula and four samples in G. ovalisandTortula muralisis not restricted to a special
Grimmia (Fig. 5 and Appendix 3). In general, almost all climate, whileB. moravicumandT. caucasicare limited
the species are limited in the range between 11€20° to Hyrcanian forests in the north of the countryd an
However, it is not reasonable that there arerewords B. pallensandGrimmia crinitafound only in Zagros Oak
between 21-30° C which could be due tolable of forests. This may explain their positive relatiopshwith

different forest cover (Appendix 1).
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Based on the result of this study and Akhani & from the viewpoint of plant species (only two endem

Kirschner's checklist (2004), there are some speciespecies in this study have been recorded from Asjauri

recorded only from two location®ryum dichotomum
surprisingly from two quite different areas: Mazarah
(Babol) and Boushehr (Negin island, weigelii from
Tehran and KhuzestaGrimmia alpestrisfrom Tehran
and Lorestan,G. hartmanii from Mazandaran and
Lorestan,G. lisae from Tehran and Kurdestafprtula
demawendicadrom Azarbaijan and Tehran and finally,
T.

Golestan provinces,

revolvens from Kohgiluyeh-va-Boyerahmad and

respectively (Appendix 1).

province based on Akhani & Kirschner (2004),
bryophytes flora of the west of Iran is partiallgkmown
and demands further field explorations. Because of
restriction ofendemic specieg their distribution and
poor representation by herbarium specimeits is
reasonable to do further studies on provinces like
Kohgiluyeh-va-Boyerahmad, Chaharmahal-o-Bakhtiari,

Khorasan, Azarbaijan, Ardebil and Kermanshah imktea

It of Tehran and Mazandaran provinces. It may help

however suggests that, such species occupied dimitefocusing the attention on sites exhibiting the appiate

fragmented areas belonging to a wide territory hade
not colonized yet all its potential habitats (Varm®rten
et al 2004b), or simply we did not explore their
distribution range thoroughly.

Species include Bryum archangelicum
B.

B. rubens B. subapiculatumB. torquescensGrimmia

creberrimum B. imbricatum B. muehlenbeckii

caespiticia G. elongata G. longirostris G. montana

Tortula astoma T. brevissima T. canescens

T. obtusifolig T. solmsiiand T. viridifolia have been
recorded just once (Appendix 1). It may show eitheir
endemism or extinction. Another explanation
inadequate works on theB. neodamensgs limited to

the north of Tehran (Appendix 1).

landscape features for subsequent field investigati
(Vanderpoorteret al 2005).

Conclusion

Although altitude range is the most limiting factor
for Tortula species, other two genera, especially
Grimmia, are highly affected by precipitation range
(Appendix 3).

Humidity and rainfall digital maps illustrate that
in Iran, in spite of common belief that bryophytee

limited to the places with high precipitations asense

is forests cover like northern strip of Iran, they che

found even in southern islands and dry mountainous

region in central Iran; though, in the seasonsatimeunt

Some species can be used as indicators of Zagrasf rainfall is high (Figs 6 & 7). The difference in

mountainous regions. In the present study, a sufiset
five speciesBryum alpinum Grimmia crinita Grimmia
laevigatg Grimmia trichophyllaand Tortula muralisare
the most abundant
(Appendix 1).
Grimmiaspecies in highlands of Zagros.

species

It shows the habitat suitability for

Unfortunately, as lbischet al (2002) implied,
floristic exploration is quite deficient and mainly
restricted to areas with road access. This facbines
more serious when we talk abauteas of high endemic
species diversity. These places are frequently
characterized by fragmented habitat and uniqueatian
and edaphic conditions (Vargas 2004). This sitmatio
exist in the west of Iran whethere is a big gap in field

works (Fig. 2). In spite of being one of the richesgjions

species richness; it is obvious that species wariet
northern strip is higher than central and southegions.

This model provides the means for a quantitative

in Zagros mountaingnalysis of the distribution and abundance of \egiget

in every selected area, thus also allowing

types
quantification and prediction of environmental effeon
vegetation distribution. Istimulates the use of GIS in
botanical investigations by putting a collection fofe,
relevant, high quality formatted data into the ramd
botanical researcher§Ve highly recommend using this
base map and environmental model in distributiopsna
in the Flora of Iranseries that is the central focus of
efforts to document the flora of Iran completelye
strictly concur with Johnsomrt al (2005) who implied,

conservation professionals should choose a modal an
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variable set based on the question, the ecologth®f bryophytes are closely linked to their habitatsstmake
species and the availability of requisite data. it essential to consider the pattern of these htbit a
The calculation of the bryophyte species richnesshroader scale. Tappeinet al (1998) believe "The main
needs further information per each square. It isy ve factor influencing spatial variability in the vegébn in
useful tool to identify potential sites of high énést of  an alpine region is land-use" and Ah-peical (2007)
conservation (Hespanhadt al 2005). To do so, we claimed, "Disappearance of bryophytes microhabitat
should investigate a limited area likgmtectednational ~ means the disappearance of their affiliated biadite"
park or basin by a definite size of grid-squared mmake  However, it is not quite definite; for example,
the presences/absent species maps and combin¢hit wiVanderpoortenet al (2004a) suggested that grazing,
IBM. Therefore,it is better to use GIS modelling in which increases the number of species (especihlly t
regional scales to get more result that is trusfifom number of pioneers), is likely to be more benefita
IBM. For this reason, we have to re-collect data d0 bryophytes.
specific area. Bryophytes can survive drought and stay fresh in
Taxonomic and morphological characteristics the months when minimum rainfall for living occurs.
show some trends with respect to evaluating patefn Based on this fact, it is highly recommended ndirtut
rarity; however, these trends differ between geplgia  the field trips to special areas for collecting dpfytes.
areas. Microhabitat quantity does not determinee rar They may be collected everywhere under shadow rocks
species occurrence, however, the quality or unigsef in the rainfall season with the proper temperature.
the microhabitats may be of importance. Moss
distribution patterns on a local scale reflect worl Acknowledgements
distribution patterns and habitat availability (hlen & Authors express their special thanks to
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Appendix 1. List of species with the localities

Species Locality
Bryum alpinunmHuds. Hamadan: Alvand Mts.
B. alpinumHuds. Khorasan N.: SW of Bojnourd, Salook (Pr.)
B. alpinumHuds. Lorestan: Khorram Abad, Sarmargh
B. alpinumHuds. varviride Husn. Mazandaran: Alborz Mts., Kelardasht
B. argenteunHedw. Golestan: Golestan National Park (Pr.)
B. argenteunHedw. Hamadan: Darreh-e Morad Beig
B. argenteunHedw. Mazandaran: Haraz valley, Karehsang,
B. argenteunHedw. Tehran: Alborz Mts., near Pasqgaleh in the vallejvatDarband
B. argenteuntiedw. varlanatum(B. Beauv.) HampeMazandaran: Alborz Mts., Kelardasht, south of Rudka
B. caespiticiumHedw. Gilan: Asalem to Khalkhal
B. caespiticiumHedw. Golestan: Golestan National Park (Pr.)
B. caespiticiumHedw. Mazandaran: Babol, Galougah forest, Niala
B. caespiticiunHedw. Tehran: Alborz Mts., near Pasqgaleh in the vallejvatDarband
B. caespiticiunHedw Tehran: Asara
B. caespiticiunHedw Tehran: Damavand, near Pulur
B. caespiticiunHedw Tehran: Shemshak, Dizin
B. caespiticiunHedw var. badiumBruchex Khorasan: Hezar Masjed, Marshak to Cheshmeh-e Kabka
Brid.
B. caespiticiunHedw var. comenséSchimp)  Lorestan: Shemacha, Mt. Kellal
Husn
B. capillareHedw: Gilan: Rasht

B. capillareHedw: Gilan: Rasht to Sangar
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Appendix 1. (contd.)

B
B
B
B
B
B
B
B
B
B
B
B
B
B
B.
B
B
B
B
B
B
B
B
B
B
B
B
B
B

. capillareHedw.

. capillareHedw.

. capillareHedw.

. capillareHedw.

. capillareHedw.

. capillareHedw. var flaccidum

. capillareHedw. vartorquescens
. creberrimumraylor

. dichotomuntHedw.

. dichotomuntHedw.

. imbricatum(Schwagr.) Bruch & Schimp.
. moravicunPodp.

. muehlenbeckBruch & Schimp.

. nheodamenskzigs. ex Mull. Hal.
neodamenskzigs. ex Mill. Hal. +
. pallensSw.

. pallescen$schleich.

. pallescen$schleich.

. rubendMitt.

. schleicherDC. +

. SubapiculatuniHampe

. turbinatum(Hedw.) Turner

. uliginosum(Brid.) Bruch & Schimp.

. uliginosum(Brid.) Bruch & Schimp.

. uliginosum(Brid.) Bruch & Schimp. +
. weigeliiSpreng.

. weigeliiSpreng.

Bryumsp.
Bryumsp.
Bryumsp.

G

G.
G.
G.

NN NONONONOINANANANONO)

OOOO0

rimmia alpestrigWeb. & Mohr) Schleich.
crassifoliaLindb.

crassifoliaLindb.

crinita Brid.

. crinita Brid.

. crinita Brid.

. elatiorBruch ex Bals.-Criv. & De Not.
. elatiorBruch ex Bals.-Criv. & De Not. +
. elongateKaulf.

. hartmaniiSchimp.

. laevigata(Brid.) Brid.

. laevigata(Brid.) Brid.

. laevigata(Brid.) Brid.

. laevigata(Brid.) Brid.

. laevigata(Brid.) Brid.

. lisaeDe Not.

. lisaeDe Not.

. longirostrisHook.

. montanaBruch & Schimp.

. orbicularisBruch ex Wilson

. orbicularisBruch ex Wilson vapersicaSchiffn.

Golestan: Golestan National Park (Pr.)

Hamadan: Imam Zadeh Kuh

Mazandaran: Chalus, Marzan Abad

Tehran: Lavasan

Tehran: Shemshak, Dizin

Tehran: Nezva kuh area, south and above Tarud

Mazandaran: Haraz valley, near Mangol

Tehran: Asara

Boushehr: Negin (Alafdoun) Island

Mazandaran: Babol

Tehran: Shemshak, Dizin

Mazandaran: Nowshahr, Srijamand

Kordestan: Pass about 100 km to Kermanshah oondldgo Sananda|
Tehran: Northern end of Kandevan tunnel

Tehran: Fasham, Abnik

Kohgiluyeh-va-Boyerahmad: Sisakht, Darreh-e And&kashmeh mishi
Golestan: Golestan National Park (Pr.)

Tehran: Alborz Mts., near Pasqgaleh in the vallejvatDarband

. pseudotriquetrurHedw.) Gaertn., Meyer & ScheiGilan: Lavandevil to Astara, Kutah Kumeh hot wagpring
. pseudotriquetrurHedw.) Gaertn., Meyer & Scheli Tehran: Damavand, near Imam Zadeh Hashem

Mazandaran: Alborz Mts., 2 km from Mahmudabad tasd&abolsar
Hamadan: Meydan-e Mishan, Takht-e Nader

Tehran: Lavasan

Semnan: Nezva kuh area, Bashm (Shahmirzad) kuh
Mazandaran: Chalus, Marzan Abad

Tehran: Lavasan

Gilan: Lahijan, tea farm

Khouzestan: Minoo Island

Tehran: Fasham, Abnik

Lorestan: Khorram Abad, Varak waterfall

Hamadan: Imam Zadeh Kuh

Kohgiluyeh-va-Boyerahmad: Sisakht, Koh gol, Tanmgamak waterfall
Lorestan: Khorram Abad, Varak waterfall

Lorestan: Khoram Abad, Sefidkuh, Shoa

Tehran: Niyavaran

Fars: Ghaemiyeh, Cheshmehimam Zadeh Seyyed Hossein,
mountain opposite the pool

Fars: Shiraz to Kazeroun

Lorestan: Mamoulan, Sarfarash

Lorestan: Khorram Abad, Reza Abad

Khouzestan: Seydon to Baghmalek, waterfall nead roa
Tehran: Fasham, Zardband, Meygoon

Lorestan: Khorram Abad, Kamalvand

Ardebil: Sarein, Girip-pola

Fars: Shahr-e Parsi (Takht-e Jamshid)
Kohgiluyeh-va-Boyerahmad: Dehdasht, Choram

Tehran: Alborz Mts., near Pasqgaleh in the vallejvatDarband
Tehran: Niyavaran

Kordestan: between Kermanshah and Rezayeh, c&m2Behinc
Sanandaj in direction Saqgez

Tehran: 40 km after Karadj to Chalus

Hamadan; Ganj nameh waterfall

Tehran: Lavasan

Golestan: Golestan National Park (Pr.)

Kordestan: Pass about 100 km N of Kermanshah anddgto Sanandaj
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Appendix 1. (contd.)

G.
. ovalis(Hedw.) Lindb.
. ovalis(Hedw.) Lindb.
. pulvinata(Hedw.) Sm.
. pulvinata(Hedw.) Sm.
. pulvinata(Hedw.) Sm.
. pulvinata(Hedw.) Sm.
. trichophyllaGrev.

. trichophyllaGrev.

. trichophyllaGrev.

OO0

ovalis(Hedw.) Lindb.

Grimmiasp.
Tortula atrovireng(Sm.) Lindb.

— = = - - -

A4 A A A4

T. viridifolia (Mitt.) Blockeel & A.J.E. Smith

. caucasicd.indb. ex Broth.
. caucasicd.indb. ex Broth.
. mucronifoliaSchwagr.

. mucronifoliaSchwagr.

. mucronifoliaSchwagr.

. muralisHedw.

. muralisHedw.

. muralisHedw.

. muralisHedw.

. muralisHedw.

. muralisHedw.

. muralisHedw.

. muralisHedw.

. muralisHedw. var.aestivaHedw.
. muralisHedw. var.aestivaHedw.
. muralisHedw. varmuralis

. obtusifolia(Schwagr.) Math.

T.

Lorestan: Khorram Abad, Kamalvand

Mazandaran: Behshahr, Mahdirajeh

Tehran: Alborz Mts., near Pasqaleh in the vallejvatDarband
Golestan: Golestan National Park (Pr.)

Lorestan: Dorod, Ti

Lorestan: Khorram Abad, Kamalvand

Mazandaran: Haraz valley, above Siah Bisheh

Chahrmahal-e Bakhtiari: Baraftab
Kohgiluyeh-va-Boyerahmad: Basht

Lorestan: Khorram Abad, Sarmargh

Golestan: Golestan National Park (Pr.)

Khouzestan: Baghmalek, Ghaletol, Mal Agha

Golestan: Alborz Mts., between Azadshahr (Shahphsam Gorgan
Mazandaran: Alborz Mts., near Kelardasht

Golestan: Golestan National Park (Pr.)

Golestan: Golestan National Park (Pr.)

Tehran: Lavasan

Fars: Ghaemiyeh, Cheshmehimam Zadeh Seyyed Hossein,
mountain opposite the pool

Fars: Shiraz, Kohmareh Sorkhi

Fars: Shiraz, Sabzpushan

Gilan: 12 km west of Ramsar

Gilan: Rasht

Golestan: Golestan National Park (Pr.)
Kohgiluyeh-va-Boyerahmad: Dehdasht, Choram, CheklBetgheys
Lorestan: Mamoulan, Sarfarash

Mazandaran: Polsefid, Alasht

Mazandaran: Chalus

Mazandaran: Polsefid, Alasht

Fars: Dehkuyeh

revolvengSchimp.) G. Roth. vapbtusataReimers Golestan: Ghare-gheer rangeland, S. of Ala-gol lake
T. solmsii(Schimp.) Limpr.
T. subulataHedw.
T. subulataHedw.
T. subulataHedw. varangustatgSchimp.) Limp. in Ral Gilan: Asalem to Khalkhal

Hamadan: Darreh Morad Beig
Tehran: Lavasan
Gilan: Asalem forest

Golestan: Alborz Mts., 10 km south of Shahpasand

+ Endangered species based on Smith 4002.

Appendix 2. Synonym species

Species

References and remarks

B. caespiticiunHedw. varbadium "IRAN" Herbarium [Syn.B. badium(Brid.) Schimp.]
Bruch ex Brid.
B. caespiticiunHedw. varcomenseKirschner 1996 (SynB. comensé&chimp.)
(Schimp.) Husn.

B.

Schimp.
B.
B.
T. caucasicd.indb. ex Broth.
T. caucasicd.indb. ex Broth.

creberrimuniraylor

moravicumPodp.
subapiculatuntHampe

"IRAN" Herbarium (Syn.B. affineLindb. & Arnell, B. lisaeDe Not.)
B. imbricatum(Schwégr.) Bruch & "IRAN" Herbarium [Syn.:B. amblyodonMdll. Hal., B.
Blandow,B. stenotrichunMuill. Hal.]

"IRAN" Herbarium (SynB. flaccidumauct. B. laeviflumSyed B. subeleganKindb.)
"IRAN" Herbarium (Syn.B. atrovirensBrid., B. erythrocarpunchwagr.)
Kirschner 2010 [SynPottia intermediaTurner) Firnr.T. modicaR.H. Zander]
Kirschner 2010 [SynP. intermediaTurner) Firnr.T. modicaR.H. Zander]

inclinatum (Brid.)
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Appendix 3. Atribute table based on final model

Humidity Temperature Altitude Precipitation

Species
class class class class

Bryum alpinunmHuds.

. alpinumHuds.

. alpinumHuds.

. alpinumHuds. varviride Husn.

. argenteunHedw.

. argenteunHedw.

. argenteunHedw.

. argenteunHedw.

. argenteuntledw. varlanatum(B. Beauv.) Hampe

. caespiticiumHedw.

. caespiticiumHedw.

. caespiticiumHedw.

. caespiticiumHedw.

. caespiticiunHedw.

. caespiticiunHedw.

. caespiticiunHedw.

. caespiticiunHedw. varbadiumBruch ex Brid.

. capillareHedw.

. capillareHedw.

. capillareHedw.

. capillareHedw.

. capillareHedw.

. capillareHedw.

. capillareHedw. var flaccidum

. capillareHedw. vartorquescens

. creberrimuniraylor

. dichotomuntHedw.

. imbricatum(Schwagr.) Bruch & Schimp.

. moravicunPPodp.

. muehlenbeckBruch & Schimp.

. neodamenskzigs. ex Mull. Hal.

. neodamenskzigs. ex Mull. Hal.

. pallensSw.

. pallescen$schleich.

. pallescen$schleich.

. pseudotriquetruriHedw.) Gaertn., Meyer & Scherb. 3

. pseudotriquetrurtHedw.) Gaertn., Meyer & Scherb. 5

rubengMitt. 5

. schleicherDC. 4

. SubapiculatuniHampe 3

. turbinatum(Hedw.) Turner 3

. uliginosum(Brid.) Bruch & Schimp. 5

. uliginosum(Brid.) Bruch & Schimp. 5

. weigeliiSpreng. 3

Bryumsp. 3

Bryumsp. 2
3

3

3
2
2
3
3
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Grimmia alpestrigWeb. & Mohr) Schleich.

. crassifoliaLindb.

. crassifoliaLindb.

. crinita Brid.

. crinita Brid.

. crinita Brid.

. elatiorBruch ex Bals.-Criv. & De Not. 2

. elatiorBruch ex Bals.-Criv. & De Not. 3

. elongateKaulf. 3

. hartmaniiSchimp. 3
2
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Appendix 3 (contd.)

. laevigata(Brid.) Brid.

. laevigata(Brid.) Brid.

. laevigata(Brid.) Brid.

. lisaeDe Not.

lisaeDe Not.

. longirostrisHook.
montanaBruch & Schimp.

. orbicularisBruch ex Wilson

. orbicularisBruch ex Wilson vapersicaSchiffn.
. ovalis(Hedw.) Lindb.

. ovalis(Hedw.) Lindb.

. ovalis(Hedw.) Lindb.

. pulvinata(Hedw.) Sm.

. pulvinata(Hedw.) Sm.

. pulvinata(Hedw.) Sm.

. pulvinata(Hedw.) Sm.

. pulvinata(Hedw.) Sm.

. trichophyllaGrev.

. trichophyllaGrev.

. trichophyllaGrev.

Grimmiasp.

Tortula atrovireng(Sm.) Lindb.

. caucasicd.indb. ex Broth.

. caucasicd.indb. ex Broth.

. mucronifoliaSchwagr.

. mucronifoliaSchwagr.

. mucronifoliaSchwagr.

. muralisHedw.

. muralisHedw.

. muralisHedw.

. muralisHedw.

. muralisHedw.

. muralisHedw.

. muralisHedw.

. muralisHedw.

. muralisHedw. varaestivaHedw.
. muralisHedw. varaestivaHedw.
. muralisHedw. varmuralis

. obtusifolia(Schwagr.) Math.

. revolvengSchimp.) G. Roth. vapbtusataReimers
T. solmsii(Schimp.) Limpr.

T. subulataHedw.

T. subulataHedw.

T.subulataHedw. varangustatgSchimp.) Limp. in Rab.
T. viridifolia (Mitt.) Blockeel & A.J.E. Smith
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