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ABSTRACT

Maths are phyvtophagouws, cosmapalilan, agricultural pests, night pallinatars, chiefly
nacturnal and potential bio-indicators. The current stdy reports on species diversity, species
composition. abundance, and disteiboticonal paltern of moth faune i few of (he selpoted
labiat gites in the Dhemaji district of Assam, During the survey peried of March-June, 2022,
oppurtunistic sightings were made along with light traps were instzlled in three diffecent sites
viZ, agricultucal area, urban area and home garden areas. Prac<nt siody reported a rotal of 59
ndividual specimens of moths were encauntered belonging w30 species under 30 genera
and |6 families, Out of 3% specimens of mothy, Based on the number of species, the lamily
{ieometridac was modt dominant with 06 specics contributing 0 20%, followed bry
Sphingidas with 03 species contriburing to |6.7%, Crambidae with 04 species contribating eo
13.3%,. Erchidag, Limacodidas and Saturnitdec with 02 species comributing to 6.7%, and
tesl of the families were dominated with 02 species sach camributing to 3.3%. In terms of
Species richness and abundance Lywssa zompa was the most dominant species in tettns of the
nuiriber of individuals (05), followed by Timandra comae and Craophalocroeis medinalis with
04 individuals, Elophila obliteralls, Acferls forschalenna, Micrapieris aurcoviridefle and
Macraglossanr sp. with 03 individuals, and the least dominant with 09 and 12 individuals.
The Spatial variation in spegics diversity indices across study site indicales species richness
among the three studied sites to be very bow at site-3 {urhan area) {n=07), followed by hoth
the sile -| {agricaller| urea) (n=12) and site-2 {home garden area} (v=12). Statistical analysis
N species distribution and evenness across the three study site indicated an increasing
dominance index of species; 0L1111 {site-1 apricubaral arex), 0.1157 (site-2 home garden
arcal okl (L1647 (sire-3 urban ureay. Shannon Weiner diversily indices H™ was higher at site-
| agricubiural ares with value of 2 2046 and loast at site-3 urban area with value of 1.8637,
The cvenness E value caloulated for the three sites indicates the site-3 urban area (32577 1o
b the highest as co toprered to the E value for the site-1 agriculioral area (0.8872) and site-2
home garden area [0.8735). Among all the studied sites, the ngricultural site showing higher
diversity indices because of more shundant resources avatlability in terms of food, sheber and
aveidance of predatars as compared ko the ather sites like urban areas wheee they o under
the influence of more predatory attacks.

Keywords: doths, dfversity, urbom, home gorden, agricelinref area. Ao
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CHAPTER -1 INTRODUCTION

While butterflies provide the deepest hitorical lens to examing the phenomenon of
global insecl decline, macro-lepidopteran moths arguably supply the mext largest set of
historeal records. In Europe, moths have keen the focus of collecting efforts for over 2K
year (David, 20207 and systematic meonitoring for many decades. Moths offer additional
afvantages over butlerflies for assessing insect biodiversily change. Their anks include a
wide spectrum of herbivores, incleding tree, shruby forbs, grass, fungus, lichen, and alga

feeders, ac well a2 detrilivores.

Baths include rich wssemblages tied to all terestrial plant commuonities from sab-
palar ceguins to the equator. Therr species taxondamy 15 less pmohblematic than that of most
insect lineages, aml, For some countries, these have been reliable identification puides Tor
more than @ céntury. The immature siages of Lepidopiera are among the hest kntewn of any
imsect ceder. and knowledge of their host associations and other hfe-history trais can
conmribute considerably &2 effonts to urederstand ansd predicr demographic declines and

mplizations for ecogystem finetioning,

hioths represent a substantial component of the inzect hipmass available o
ingeclivorons vertebrates, both as caterpillacs and adults, and are an impatant detacy soutce
fr muny animals, most notably bats and songbinds - They are the vary fabricunder [ving the
species-rich rudiations of parasitoids in the Chalcidoidea, ichneumaonoidea, and Tachinidas,
which collectively meke up much of the planet’s metazoan specics diversity and moths likely
play a much-underestimated role as pollinators of angiosperms. Depletions of moths will
have etfects that will cascade, upward and downward, triggering further losses of interactions
and] specics. Thus, there is ample reason to regard macre kepidopterans as a worthy focal
Eroup to study global bindiversity change, and ane which has much to offer as a proxy for
tther insect lineages with more nascend taxonomy, poorly known ecologies, and sparser kong-
termn bio-monitoring data. Because the order Lepidoeptera comprises with Butterflies and
hoths, which arc the meast common inzects of the forest cocosystems and agricullural ficlds

and are often rermed as the biological indicators of the ecosystem.

Mot of the biological researchers have used Lepidapteta as a model organism to
assess the impact of human and pollution disturbance and management practices of the forest

n 126 families and 46 super families in workdwide. [n India 0t s pstimated that
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apprecamately 12,004 species of moths belongs to 41 families are recorded (Chandra, 2007).
Lepidoptera (moths and butterflies) highly depending up on the local vépetalion pattem,
Climate factur like iemperatere, umidity, tainfull, wind speed, wind direction also a very

impartant to survival of the species, and alsg food requiceme i,

Moths being o prominent clement of terrestrial ecosystems, they function as
pollinators of flowers, hechivores of crops and wild plantz and prey far numepows spectes of
rodents, birds, wnd bats, These peolyphyletic graups of insecls reprasent more than 90% of al)
lepidapterans of the earth and a large oumber of moth species are still waitmg Loy be
distovered and mamed, mostly from the toopical regions of the world (Heppner, 2008}, Thesz
gsla-thermic animals occupy a wide range of habiwts around the world and are sensitive Lo

ENYITONImEC neal pressores.

Therefore, monitoring the changes in the patterns of moth distribucion and abondance
in 2t area can e used as potent scolopical indicators for the conservation of biodiversity
(David et al, 1986). Several factors can be attribured to the worldwide decline i moth
populatien including habital loss, degradation and fragmentation, agticuberal intensification,

changes in woodland management, urbanization, chemical pellution, artificial light ar night

and elimate.

haths come in all shapes and sizes and some don't even Jook like maths at all. The
clearing micths for insiance, ook Fke wasps to stops predators From attscking than many
moths have fantastic camoufleges vo help then hide fram predators the haok lips, for example
lock just like dry leaves others are brightly eoloured like the tiger maths and hawk moths,

The present stdy was conducted in the Dhemaji district of Assam to eddress the
diversity and abundance of Mothe in different labitat structures A in lhe siete of Aszam
there are very less research wiork has been onducted g0 far aspecially from the selected
distriet. Thus, understanding the importance of Moths we T have worked an below mentioned
ohjectives in my present project work:

L To conduct survey fo understand the diversity of nioths in three selected sites of
Dhemat disrics of Assasm, Fndia,
2 To snderviond the differences fn e species diviribution paiterst of moths hehvecn

the theee stidy sites.
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CHAPTER -I1 REVIEW OF LITERATURE

Lepitdoptera {Maths amd Burcrflics) are onc of the highly plant-lependent groups of
insects and form a rich component of Fauna. Lepidopters, play a central rode in atl teccestrial
Boosystemg. Thev are mporlant herbivores, pollinators, amd scrve as food and hosts for
multiple other otganisms at higher rophie levels (Summerville gt al., 2004, The batter
known groups of Lepidoptera (butterllies in patticular) have often been advocated as useful
indicators of enviranmental change {Hill et al., 1995). Moths are among the scores of larpe
t=xonamic groups that are |ittke studied. More than 30% of the known Lepidoptera species are
moths and the majority of them are aoctumal (Scoble, 1992). Compared to the other mega
diverse inseect groups, the larper moths of Bomeo, in particuter, are taxonomically well

known and relativelv easy to identify (Hallaway, 1285}

The Lepidopiera (bulierflies and moths} are one order of clags insccia for which
dquantifying the regional species pool and locaring datw on species narural history may be
sirabghiferward taske (Robingon ot al, 20023, The moath diversity in tall grass praicies are
mote than bulterfly species and moth may be the sultable 1axa for answering gencral
questins about the exchanpe of species between regional and aclual species pools within
restored preicies. In this case, restoration ecologists may desice to determine whether the
requency of site occupancy is related with some traits like diet specialization, regional
ahupdance, or body size. Specific hypotheses may b derived from existing macre ecological
theory, which suggests Ihat smaller, mors genetalist specics tend 10 be the most widely

distributed (Beown, 1995, Blackburn and Gaston, 2003},

The moth fauna of the Gmily Arnctiidae of Arunachal Pradesh was studied by Arora
and Chawdhury {1952}, With more than 21,000 described specics, Geometridae is one of the
theee mast species-rich moth familizs. Their taxoramy is relatively advanced {Scoble, }9%9),
and the adults ean easily be attracted with Blacklight tubes, They have been deseribed as a
Suitable group in which o study about the eavironmental effects of forest because of their
weak flight shitity and the hi gh habitat fidelity {Thomes, 2002, Sinee, Gemmetrides 5 one of
the largest families of Lepidoptems, reomelrid moths are generally well known to react
sengitively to environmental change, which has rendered them a frequently used focal group

0 address a wide range of ecological questions (Holloway, 1933; Willan, t999)

In Assam, there are various research studies have bzen carvied oot on diversily and

distribution of moth species, A fleld work conducted by Rose {2002, prepared an inventary
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ol 81 species of the moth favna under Lepidoptess of Jating, Assam, Arandbars and Tar@ng,
{201%), Arandhare, et al, 2017) have observed species composition of larger moth in
Tinsukra disirict ungder the influence of habital gepes, ekevational pradent and bioclimatic
variables on ahbundance of moth community, Anothker rexeacch work done by Chandre and
Samhath {2013} in Tawsng districts of Arumachal Pradesh during the year 2004 using light
trapping method. Hazarika, et al (2009 conducted speces diversity surveys on

lepidapterans in and around Jorhat district af Assam.

Several other studies have ilustrated the imporance of assembly history in
ecological vommunitics (Chase, 2003} with some studies suggesding that the initial founs to
colonize a zite may cavse local communitics [0 diverpe in spegics composition when the
regiona| species pool is sufficiently diverse {Fukmni, 2004), Ultimarely, species traits may
Wnteract with local and regional habitat charseteristics, such as plant community compaesition,
to inflyence species ro-colomization of restored habitats (Waliz and Cuovington, 2004
Summerville et al., 2004). The monitering of community struciures of moths could provide &
detailed mep of the pants of the forest coosystem. They also show sensitivily tgwards
enviconmental changes because of their habitat preference and this makes them a suitabls
biological indicator group in biodiversily assessment aod documentation. Since, Lhey are
highly sensitive to changes in the environment; this group of insects is easily affected by

refatively minor petturbations in the habitat. Therefore they have been conadersd as

indicators al environmentzl qualit}'. hdihs appear (o be at least zs well suitable as burterdlics

for assessing environmental impacts (Holloway. |383).

Through the above exlensive TeVIEws of evaileble literature from the stabe of Aszam it
<ah be infer that very fow studics wers conducted to assess the spidet diversity in the
Dhemajs disteict of Assam, 5o, the proposed stedy was carried out with an objective o

decument the spider diversity of Lhermaji district Assam.
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CHAPTER 111 MATERIALS & METHODS

Su Mvey area:
Dhemaji district is situated in upper Assam of India, The study was carried out during

the period of March to June, 2022 in local village in Dhemaji town, near agricultural field, in
urban area- in my home garden, balcony outdoor indoor, The Dhemaji district have climatic
condition with the maximum day time temperature during the summer varies between 35°C

o 45%C apd dm'ing the winler scason It TAREES between 10°C to 20°C and the mmimum

number of rainfall is received in the day tine in may month.

Geography:

Dhemaji district is located between 04-12'18"
27°0527" N 27°57'16" N latitudes in Assam. Below map shows the location of the Dhemaji
District in Assam, India. It occupies a total area of 3,237 sq.km and 1= located m the remaote
astern region of India. It shares it boundaries with the
hills of Arunachal Pradesh on the North and eastern region and Lakhimpur district on the
west and river Brahmaputra on the south. The district emerges from the foot hills of

Arunachal Pradesh and stretches to the river Brahmaputra with Subansiri one side and the
imaputra flows from east (o west in the southermn par

q of the district has enhanced the entire area as a hot
terrestrial as well as aquatic heterogeneity
ide unique habitats for many wild

E - 95°4132" E |ﬂngitlld£5 and

eastern most part of Assam in Northe

river Siang on the other. The river Bral
of the district. The geographical locatio
spot of biodiversity. The district has enormous

nds which provi

j“‘-:h[ding forest grasslands, rivers, wet I
flora and fauna,
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Study sites: F ;
dy sites: For the present study three different types of habitat types were selected Lo

cond , . . . :
uct the survey, These sites were fTom agricultural area, home garden area and urban area,

ow are the brief details of the selected three sites 1n the Dhemaji district of Assam:

stly dominated with herbs, shrubs and

Sit .
el {Apricultural arca) — These siles i MO
hodies around the agricultural fields.

agT) : :
encultural plantations with lots of prominent wafer

Th , :
ese fields were moderately disturbed by the farming practices.

yral area)
the backyard

disturbed as well.

Site-1 (Agricvlt
ece sites 15 maostly
d are less

area of house, which

Site .
2 {Home garden area) — Th

e :




it . : .
e-3 (Urban area)- These sites were mostly the indoor and outdoor areas i the town area
roads, etc. These areas were highly disturbed due the human activities and are highly

susceptible to moths.

Site-3 (Urban area) with light trapping sct up.

Methods:

Moths being nocturnal n nature needs &
the lights and ean be easily
ht trajpng and frequent opportunistic visi

pecial forms of survey methods. Sometimes,

”"E}' area also attracted to l:apmr::d and recorded. Thus, we hand
wsed the opportunistic method through Ing

S0irces of several places and streels of the local campus at pight. Most of the moths were
y mounting high power (23-Watt) LED lamp in front

fecorded from the light traps created by
ite clot different areas in the study site. In

15 to light

of a white house wall or using Wh

moths were als¢ documented from the agricultural area and

&dditj“”“"r, a large number af

Street light towers cquipped with high power LED lampé,
The moth photographs were identified hased on physical features with
Wailable literatures iru:l-u ding Hampson (1%91), Bell and Scoll (1937). The classification
the work of van Nieukerken et al, (2011},

ged from
including www.jpmoths.org, Moths of India-
cnmigrnupa.fmnillmﬁudiaf and

identification. Mong of

the help of

“¥Etem used in the present study was adap
SOUTCES

I addition, a number of web T€

Mt www.mothsofindis.orgh PP s £

_ he purpose o
. re period of the study.

i . .
e species was captured or Lilled during

BlPage
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Data analysis:

The collected data an aguatic insecls weee analysed using Microxoft cxeel and other diversity

ndices formylas which are as Follows:

Shanman Wienar diversity inidex {1263)

To caleylate the diversity of aquatic insect. Shanmon index (H") a3 a measure of specics
rithness and abundance way applied. Shannon index is derived using the following equation:

H=- Z:'Eﬂ pLe [:Inpi]

whEl‘E;
B = Shannon Wicner index for species diversity
8 = Mumber of specics, . : o and
Pi = Braportion of total sample belanging 1o the ith species,

In= Natural log
anal the Eventess index {E) are sviiuated as a measure of

In 2ddition, Simpson's index (D) GRE)
| -

- ] - n
SPecies dominance and evenness. rESI‘JE";“”EIF (Magurer

p= iﬂ?i]z

i=1

Sf.'ﬂp_gﬂ,” e index fﬂj

.II'I"I-hErE;
CIES d i.'I-'EZI'Sit:'"

ing to gries AS hiadiversity Inoreazes,
forrEpIY

ﬂ.h Simpson's Index of spe " the " 5P
P = proportion of total sample IF

Simpsen’s Index decreases-

-E‘Pfﬂﬂﬂg indarc fE__J‘

Z{pa{lnpi)ﬂﬂs
ber of specits

natural hogarit

hon o the total AP
where Hmax is the




CHAPTER IV RESULT & DISCUSSION

Species com posilion:

Cluring the present investigation, 5% individual specimens of moths were encountered
belonging to 30 species under 3 pencra an
different species of moths are presented in Tablke 1. Qut of 32 specimens of moths, 11 {2C3)

the family Geotetridae, follewed by Crambidae 10 { 1B%),

16 famibies. The aqumber of individuals of

of each specimens belong to

Tortricidae, Limacodudas, Mieropetrigidae and Seametridac, 03 (5%} of cach specimens

belangs o the Saturniidae and Zygaenicdae and prest 02 (4%0) of cuch specimens helangs to the

Family Brahmacidar, Cossidue, Lasiccampidas and Noctuidae (Figure 1)

Based on the number af species, the family Geometridag was mast dominant with 06

v, follpwed by Sphingidue with 03 species contributing o 16.7%,

fpecies cantribuding to 20
g 1o 13.3%, Erebidae, Limacodidac and Sawwmndae

Crumibidac with 04 species contributin
with 02 species contributing to & 7%, and resl oFthe Families were dominoted with 2 specics
¢ach contributing fo 3.3%, (Figurc 2}

According 1o some studies the family Geometridag is one of the largesl families of

Lepidoptets and are pencrally wiell known
(Holloway, 1985, Willow, 1999) and sometimes the adults can easily be atracied with

blacklight tubes (Scable, 1999, This might be the reason why we have trapped and

eheountered (e Tamily Geometridae ta be the highest

po react sensitively to environmental change

Also, the differences in reports of various (¥R of soecies might be dus 1o the

difference in plant community composilion amens the
nd its imponance ¢o influénse of species diversity and its re-

selanted sludy sites. As, Sloss o

Plant community eompasition 8
colonization has heen emphasized by Walz and Cavington (2004) und Summervilic et ai.

(20k4),
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Specics richness and abundance:

Lysser zampe wos the mast dominant species in terms of the numnbec of individuals
(05), fallowed by Fimandra comae and Craphatocroces mediaatis with 4 individuals,
Elophila obliteralis, Acleris forsskaleana, Micropreris aureavividelfa and Macraglossunt 5p.

with 03 individugls, and the beast dominant with {0 and 12 individuals was shown by other

Fpecies as shown in Ipkle 1.

Spatial variation in Species diversity indices aCross study site:
Preserq result indicates species Tichness amang the theee stedied sies (o be very ow

2t sile-3 (urban acea) (=07}, followed by both the site -1 [agriculural area) {n=12) and sne-2
thome parden area) (n=12) {Table 1 and 2}.
Statistical analysis on SPECics disteibution and cvenness acrass the three sindy site

indieated an increasing dominance index of spevies; 111 | I {site-| agriculturs] area), 0.1157

(site-2 bome garden arcu) and 0.1667 {site-3 urban area) (Table 2).
Shannon Weiner diversity indices H* was higher ai site-] agriculieral area with valoe
oF 22046 and least at site-3 urban arca with valug al'l B637 (Tahle 2).

The evenness E value calculated for the three sites Indicates Lhe site-3 urban area

(0.9577) to be the highest as compard o the E valoe for the sitc-| agricultural area {0.5872)

arl site-2 home gacden area (0.8735) (Tahle 2).
The spatial variation reporved arKTE the tree studies site is due to the difference in
lhe habiiat amd plant communily seepetures, Wallz and Covingron {2004) had veponed the

itportance and influence of these similar paramerers in
distribution. Thus, the same has been seen here in this pregent sfudy as well among the

st e gipes.

fluencing the spacies diversity and

Among all the studicd sites, the agriculural site showing higher diversity indices

beceuse of more abundant resources availabilit

predators as compared Lo the ather siles like urba

v in termns of food, sheler and avoidance of

n oreas where they are under the infuence of

Inore predatory attacks.

11|Puge




T eiribuli : ‘
alle 1. Distribulian of vartous species encountered under different families across three

studly sites
Sh Taokal oo, Shre—wdse dlsielbuclon af
Ng, | Pecles Family of zpetles?
individaaly | Sile-l | Site-Z | Sited
| | frafmaas hearse)d (Swinhoe, | §92) Brohriaeides I + - ]
2 | Cnnpiela svopaiion {Srecker, 15701 Considag 1 . - j
3 | Capphafocrocis wedisaiy (Gmes 854} Crambidae d . + ]
4| Elophit 5. Crambidae 3 . +
5 | Murpea 5p, Crambidas 3 . . A
6 | s tonsrannma fincicesalis tLederer, 1561 Cramiadsc | - R -
T | Soitosomn vivpinica (Fabricius, 1798 Erchida= 2 - s .
B | Macrobochis gigas (Walker 1354) Exshidae I . . ]
b | Geaoretrg fpeaenaria [Kolar, |48 Cecwnctridag 2 + . ]
I | Eaeapteryy (Duponehel, 18453 Geametridas 1 ' - ]
|| Pelegoder antiguadearis [Holbowoy, 1996} | Geomelridac 2 . + j
[ 12 | Eeromtea antome {Warren, TE96 3 (Geomeicidas 1 . -
13 | Tinmmndie comme (Anton Scrmdt, (931 lieomcaridag 4 - -
14 | Pinpase sugwvia {Cueree, B8] (joomearidas L - - *
15 | dodarie fowsskaiogene (Linnacus, 1758 Toritlcidie d - + -
b | PRy fercdestir patararia [Harris, 18413 Lasiorampidar I + - -
B7 | Adiresa semicalicds {Walker, 1335] Liacodidas 2 -
IB | Parasa darme {dMoore, | BBR] Linzcndides 1 - - .
| _ 19 | Atisenprarit aueeaicidena {Higher, 1308] M lcropetyipidae 3 + . .
20 | Aumpttipoea oonfer {Latreille. 1808 Mesuado= i . - *
21 | drmvheraea 52 Spiumtidae [ - " j
22 | Loega tatinka {Wesiwond, 1348} Satumiidas 2 + ] -
| _ 23 | Harocliq teravisates (Hubner, | 8200 Grometridae E * - -
L 34 | Enpingrga assaoesis {Beker, 1) Sphingidac ' - + .
| _ 25 | Dapdieis e {Linnacus, 1758 Sphingidac E - +
16 | Thevetre sitierennis | Walker, 18568] Sphuigidat 2 + -
27 | £aniv ttan (Rothschild & kordad, 1907} Sphimgides ] » -
L 28 | Atacrnpiogsum s (Seopeli. [T77) Sphingida 3 + . '
| _ 2% | Lysga zaenma {Putler, 13693 Lraniidac = ¥
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Table 2, Species diversity indices across theee study siles in Dhemaji Distrigt of Assam.

Shanncn's | Mielou
. Species | Number of | diversity Evenness Simpson's
Study sife richness | iedividuals | tndex (H') | index -E index {D}
Site. | {Apricullural area) 12 24 2.2046 08872 01
Silﬂ-l fHﬂlTﬂH rden wrea) 17 22 2,170 %735 01157
Site3 {yrhan area) 7 |2 | 2637 QL9577 0. [667

Dominant species:

During the present siudy it kas been reported that among a1l the three study sites there

were few of the species showed highest dominance i thetr diseribution in all the study stes.

Below figure 3 shows the relative abundance of spocfes encountered among three study siteg

and among them anly the specics of Macruglassu sp under Sphingkdac [omily.

Amang the three study sikes, 5it

ahundance for Lyxsa zampa (20.8%). Whereas, in si

ahundance has been contributed by Thuandra eomtae amd

In site -3 ¢urban arca) the highest relative abundanc

odfirererlis (25%5).

The result about the relative abundance o
geneealist jn mature and thus are widesly

r higher diversity hes been studied by

difiecrant study sites indicates that they are fuite
distributed, The concepl of generslist and thed
Blackburn end Gaston, (2003},

MIPEEE

e -0 {agricuitural area) husd the highest relative
e -2 (hemegarden area) highest relative
Craghalocrocis medinaliy (18.2%),
e has been contributed by Efophida

f these highly abondant species among
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Plate showing the species of moths reported from present study
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CHAPTER -V CONCLLUSTON
Conclusion:

This study phserved that moth from the agricubural and home garden areas are vicher
in terms af speeics encauntercd than that of urlan arce. Moths being mostly associated with
major cultivated plants and occunence of some palyphagus moth species the results of
reduction of wegetation o human settlements and monoculiure cultivation of commercial

plants.

This work will also be useful for the studies in fiuture as it wilt ereale a database bank,
for holding information regarding distributton and diversity of these species, secving as
bascline informaticn o the ccobogy &nd the impartance of moths of this area, At the same
time, the study fas alse shown thar the area has different habitar with s favourable

wepednlion angd ¢limate, which pmvides an wdeal locatwn for the growtl and diversity of
malhs,
This sudy may farm basis for uwnderstanding the ecology of overlooked maoth

community in the swdy eres strengthening the impartance of continued scientific surveys and

tar ahservation of species as well as the habitar concerned.

Therefore, documenting 1the moths diversity pattern from this present slody has
provided data to justify the comservation of this ecosystem, as maths arc sensitive and are

gagily affecred due fo habitar damage resulting frem anthropogenic activities.
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