Revista Padurilor 138(2) (2023) 001-048

18*86
W Revista Padurilor

disponibil online la: www.revistapadurilor.com

Revista tehnico-stiintifica editata de Societatea ,,Progresul Silvic”

COLEGIUL DE REDACTIE CUPRINS

Redactor responsabil:
Ala Donica, Rodica Cojocari, Valentin Rdileanu, Nicolae

Prof. Dr. Ing. Stelian A. Borz Grigoras
Evaluarea impactului aridizirii asupra ecosistemelor forestiere: studiu
Membri de caz in podisul de silvostepd al NiStrulti.........ccovvvvvviinininninnnnn. 1
embri:
Prof. Dr. Ing. Ioan V. Abrudan Flavius Baldcenoiu
Ing. Codrut Bilea Reconstituirea invaziei produse de specia alogend Corythucha arcuata
Prof. Dr. I1;g Alexandru L. Curtu (Say, 1832) (Hemiptera, Tingidae) in ROMANIA..........coovevuevvvenanc. 11
Conf. Dr. Ing. Mihai Daia
Conf. Dr. Ing. Gabriel Duduman Constantin Catdilin Bustihan, Stelian Alexandru Borz
Conf. Dr. Ing. Sergiu Horodnic Acuratetea metodelor traditionale folosite pentru estimarea mdrimii
prejudiciilor aduse arborilor.............ccvviiiivviciiceceeins 19

Victor Sfecld, Irina Sfecld, Veaceslav Ghendov

Epipactis leptochila (Godfery) Godfery (Orchidaceae) - specie noud
ISSN: 1583-7890 pentru flora Republicii Moldova.............ccccccevvvvvvcnninncin. 37
ISSN (Varianta online): 2067-1962

Indexare in baze de date:

CABI

DOA]

Google Academic
SCIPIO

Reproducerea partiald sau totald a articolelor sau ilustratiilor poate fi ficutid cu acordul redactiei revistei. Este obligatorie
mentionarea autorului si a sursei. Articolele publicate de Revista Padurilor nu angajeazi decit responsabilitatea autorilor
lor.



Revista Padurilor 138(2) (2023) 001-048

Ao
v

Revista Padurilor

available online at: www.revistapadurilor.com

Journal edited by the “Progresul Silvic” Society

EDITORIAL BOARD

CONTENTS

Editor in Chief:

Prof. Dr. Stelian A. Borz

Editorial Members:

Prof. Dr. Ioan V. Abrudan

Eng. Codrut Bilea

Prof. Dr. Alexandru L. Curtu
Assist. Prof. Dr. Mihai Daia
Assist. Prof. Dr. Gabriel Duduman
Assist. Prof. Dr. Sergiu Horodnic

ISSN: 1583-7890
ISSN (ONLINE): 2067-1962

Indexed by:

CABI

DOA]

Google Academic
SCIPIO

Ala Donica, Rodica Cojocari, Valentin Rdileanu, Nicolae

Grigoras
Assessment of the aridity’s impact on forest ecosystems: a case study in
the Dniester forest-steppe plateau..................cocooevviiviiniiniiniin.n, 1

Flavius Bdldcenoiu
Invasion of alien species Corythucha arcuata (Say, 1832) (Hemiptera,
Tingidae) in ROMANIA.............c.oooiiiiiiiiiiiii 11

Constantin Catdlin Bustihan, Stelian Alexandru Borz
Accuracy of the commonly used methods in estimating the size of
mechanical damage to residual trees...................coooiiii. 19

Victor Sfecld, Irina Sfecld, Veaceslav Ghendov
Epipactis leptochila (Godfery) Godfery (Orchidaceae) - a new species in
the flora of Republic of MOIAOUA..............ccccoovviiniiiiiiiiicicae 37

Partial or full reproduction of articles and fiqures may be done pending the agreement of the journal. In case of partial or
full reproduction, it is mandatory to mention the authors and the source article. Articles published by Revista Piadurilor
hold solely the responsibility of their authors.



Revista Padurilor 138(2) (2023) 001-048

18*86

Revista Padurilor

disponibil online la: www.revistapadurilor.com

EVALUAREA

IMPACTULUI

ARIDIZARII ASUPRA

ECOSISTEMELOR FORESTIERE: STUDIU DE CAZ IN PODISUL
DE SILVOSTEPA AL NISTRULUI

Ala Donica'’, Rodica Cojocari? Valentin Rdileanu?, Nicolae Grigoras!

Institutul de Ecologie si geografie, grupul de cercetare ,,Ecobiochimie silvica”, str. Academiei 1, municipiul
Chisinau, MD-2028, Republica Moldova, e-mail: ieg@ieg.md.

Institutul de Ecologie si geografie, laboratorul , Climatologie si riscuri de mediu”, str. Academiei 1,
municipiul Chisindau, MD-2028, Republica Moldova, e-mail: ieg@ieg.md.

REPERE

REZUMAT GRAFIC

e Vulnerabilitatea speciilor
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climatice este redatd prin indici
eco-climatici.

o Exista tendinte evidente de
aridizare in Podisul de silvostepa
a Nistrului.
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Favorabilitatea climaticdi a Podisului Nistrului pentru ecosistemele
forestiere a fost evaluatd prin calcularea indicilor ecometrici climatici.
Valorile anuale ale indicelui de ariditate indicd prezenta conditiilor
climatice semi-umede, favorabile vegetatiei de silvostepd, delimiteazi
mai multe zone de vulnerabilitate a padurilor si stabileste tendinte clare
de instalare a conditiilor climatice semi-aride, indeosebi in perioada de
vard. Valorile indicelui perioadelor uscate cresc ncepind cu anii ‘80,
indicdnd prezenta, tot mai crescutd, a zilelor uscate, cu impact deosebit
asupra ontogenezei plantelor. Tendinte evidente de aridizare pentru
Podisului de silvostepd a Nistrului, sunt prognozate in toate cele 3
scenarii climatice (RCP 2.8, RCP 4.5 si RCP 8.5), comparativ cu
perioada de referind luatd in studiu (1986-2005). Astfel, cercetirile
stiintifice in domeniul managementul durabil al sectorului forestier si
extinderea suprafetelor forestiere cu specii rezistente noilor conditii de
mediu, trebuie sd fie continuate si dezvoltate.
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1. INTRODUCERE

Schimbarile climatice devin unul dintre cele mai vizibile si evidente fenomene, care genereaza
efecte globale, regionale si locale, recunoscute prin modificdrile spatiale si temporale ale
componentelor climatice. Este demonstrat faptul ca, sub influenta activitdtilor antropice, toate
componentele de mediu sunt intr-o permanentd schimbare, inclusiv ecosistemele forestiere. Fiecare
dintre ultimele patru decenii a fost mai cald decat orice alt deceniu care 1-a precedat. Temperatura
globald in primele doud decenii ale secolului XXI (2001-2020) a fost cu 0,99 °C (0,84 pana la 1,1 °C)
mai mare decat in perioada 1850-1900. Incepand cu anul 1970, schimbrile din biosfera terestra au
fost relationate cu incalzirea globala: zonele climatice s-au deplasat spre poli in ambele emisfere, iar
sezonul de vegetatie s-a prelungit in medie cu pana la doua zile pe deceniu (pentru emisfera
Nordicd). Schimbarile climatice induse de activitatile umane au impact si asupra repartitiei si
intensitatii fenomenelor meteorologice extreme cum ar fi valurile de caldurd, precipitatiile
abundente, secetele si ciclonii tropicali etc. Se estimeaza ca incdlzirea globala va continua sa
intensifice ciclul global al apei, inclusiv variabilitatea acestuia, precipitatiile globale musonice si
severitatea evenimentelor umede si secetoase. Odata cu incdlzirea globald, fiecare regiune va
experimenta schimbari simultane si multiple ale factorilor de impact climatic [1].

Tinand cont de pozitia geografica a Republicii Moldova in partea de Sud-Est a Europei unde,
conform estimdrilor, ritmul schimbadrilor climatice este cu mult mai accelerat decat cel mediu global,
se poate afirma ca manifestarea acestora va avea un caracter mai pronuntat in urmatorii ani,
comparativ cu perioadele precedente, prin modificarea regimului temperaturii si al precipitatiilor
[2,3]. Impactul indus de actiunea factorilor abiotici si biotici asupra ecosistemelor forestiere prezinta
un indicator important al starii acestora. Ultimul raport din domeniu [4] indica faptul c&, la nivel
european, principalul factor care a afectat starea de sanatate a padurilor a fost reprezentat de cdtre
atacurile de insecte, responsabile pentru 24,6% din simptomele de deteriorare. Cele mai intense
vatdmari au fost induse de cétre insectele defoliatoare. Factorii abiotici, au fost al doilea agent cauzal
care a generat impact negativ asupra coroanei arborilor (16,2% din simptomele de deteriorare). Din
acest grup, aproape jumdtate din simptome (46,2%) au fost cauzate de cdtre secetd, urmate de
actiunea zapezii, ghetii si vantului. Al treilea grup a fost reprezentat de cdtre actiunea vatamatoare
a ciupercilor (11,8% din toate simptomele de deteriorare, incluzand ciuperca de putregai, putregaiul
radacinilor, fdinarea si alte ciuperci). Dintre actiunile umane cu impact asupra stdrii de sanatate a
padurilor, se mentioneazd vatamarile aparute ca rezultat al interventiilor silvotehnice si al
exploatdrii forestiere neconforme. Totusi, raportul mentioneaza si faptul ca principala cauzad a
mortalitdtii arborilor (conifere si foioase, anul 2021) a fost relationata cu grupul factorilor abiotici,
urmatd de actiunea insectelor, incendiilor si a ciupercilor.

Schimbdrile climatice, caracterizate prin cresterea temperaturii si a evapotranspiratiei,
intensifica stresul termic si cel pluviometric pentru ecosistemele naturale. Principalele riscuri induse
de schimbarile climatice asupra padurilor din partea centrala a Republicii Moldova vor consta in
reducerea zonelor forestiere mezofile (arborete de fag, gorun si stejar) in favoarea padurilor
termofile de gorun cu arbori de scumpie si pasuni xerofile. Dintre speciile de amestec, carpenul si
frasinul ar putea fi cele mai vulnerabile in conditiile aridizarii. Se preconizeaza cd in perioada 2021-
2039 starea fitosanitara a padurilor se va schimba in mod semnificativ (risc mediu spre ridicat) sub
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influenta schimbarilor climatice [5]. Pentru zonele aflate la limita arealului natural de distributie din
zona silvostepei (limita xerica), disponibilitatea apei va determina schimbari in structura si
functionarea ecosistemelor forestiere, iar prin schimbarile, relativ mici, in echilibrul umiditatii
solului se va ajunge la schimbdri majore, de ordin ecologic (corologia speciilor, diminuarea nivelului
serviciilor ecosistemice, etc.) [6]. In acest context, sunt necesare studii privind impactul schimbadrilor
climatice si a riscurilor generate de acestea asupra ecosistemelor forestiere reprezentative, aflate la
limita arealelor naturale de distributie, in regiuni considerate a fi cele mai vulnerabile la schimbarile
climatice.

2. MATERIALE SI METODE

Indicii ecometrici climatici sunt formule de calcul pentru favorabilitatea climatica, care iau in
considerare valorile efective ale factorilor climatici principali. Interpretarea rezultatelor se realizeaza
fie prin incadrarea lor in tabelele de valori precalculate, fie prin comparatii spatiale, respectiv
altitudinale. In scopul identificarii unei expresii matematice general valabile a valentelor ecologice
ale unei statiuni, s-a dezvoltat o serie intreaga de formule si tabele de interpretare, unele bazandu-
se pe factorii climatici, altele pe cei biogeografici. Din perspectiva analizelor biogeografice, indicii
ecometrici sunt instrumente foarte utile in aprecierea favorabilitdtii pentru un anumit tip de
ecosistem, In care indicii ecometrici sunt expresiile numerice ale acestei favorabilitati [7].

Ariditatea este o notiune cu interpretare spatio-temporald care exprima un dezechilibru hidric.
Conceptul de zona arida este expresia spatiala a iesirilor de apa din sistem ce depdsesc constant
intrarile. Principalii factori ai ariditatii sunt precipitatiile, temperatura, continentalitatea, albedoul
etc. Din punct de vedere biogeografic, insuficienta apei in sol produce un deficit de crestere al
speciilor vegetale si chiar creeaza vaste discontinuitati in covorul vegetal [8]. Indicele eco-climatic
de Martonne (IM), permite determinarea gradului de ariditate al unei regiuni pentru perioade
caracteristice (un an sau o luna), fiind o expresie a caracterului restrictiv pe care conditiile climatice
il impun anumitor formatiuni vegetale. Pentru determinarea indicelui de ariditate corespunzator
perioadei dorite, care reprezinta, in mod obligatoriu, o succesiune de luni consecutive, se calculeaza
media aritmeticd a indicilor specifici fiecarei luni (Relatia 1). Valorile obtinute se raporteaza la
tabelele de referinta privind favorabilitatea climatica pentru dezvoltarea tipurilor de vegetatie [7]
sau privind vulnerabilitatea padurilor [9].

P M
(T +10)
unde: P este suma anuald a precipitatiilor atmosferice in mm, T - media anuald a temperaturii
aerului in °C [10].

IM =

Intensificarea procesului de aridizare in perioada activa de vegetatie, indeosebi intre lunile
mai-august, influenteaza negativ fazele de ontogeneza ale plantelor. Indicele perioadelor uscate
(Izu), reprezintd raportul dintre numarul zilelor uscate, inregistrate in anumiti ani si media lor
multianuala [11], fiind exprimat prin Relatia 2.

_ Yzu (V—VII) )
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unde: }; zu (V — VIII) este suma zilelor uscate inregistrate in perioada mai-august, perioada cu
crestere intensiva a plantelor, X zu (V — VIII) - media multianuala a zilelor uscate (lunile mai-

august).

Valorile obtinute se raporteaza la tabelul de referinta privind favorabilitatea climatica pentru
dezvoltarea plantelor. Acest indice este utilizat, la nivel regional, de catre Global Water Partnership
pentru estimarea secetelor din Sud-Estul Europei [12]. Hartile din studiul de fata au fost obtinute
prin modeldri cartografice complexe utilizand metoda ecuatiilor de regresie si analiza reziduurilor.
Repartitiile spatiale ale temperaturii si precipitatiilor in limitele teritoriului Republicii Moldova
reflecta particularitatile reliefului ca factor de geneza al climei, pastrand in acelasi timp valorile
intacte pentru pozitiile statiilor meteorologice. In ArcGIS s-a utilizat functionalitatea Raster
Calculator din modulul Map Algebra a extensiei Spatial Analyst (efectuarea operatiilor aritmetice
cu harti digitale ca variabile numerice) [13]. Ca program de prelucrare a datelor initiale s-a folosit
Statgraphics Centurion XVI in estimarea temporald a indicilor respectivi. Materialele initiale de
studiu au fost datele multianuale privind regimul termic si cantitatea anuald si lunara de precipitatii,
colectate de la Serviciul Hidrometeorologic de Stat, pentru perioada anilor 1980-2020, perioada
recomandata de cdtre IPCC in madsuratorile climatice. Cercetarile au fost realizate in cadrul
Institutului de Ecologie si geografie al Republicii Moldova, de «cdtre grupul de
cercetare , Ecobiochimie silvica” si laboratorul de ,Climatologie si riscuri de mediu”, in cadrul
Proiectului institutional ,,Crearea si tinerea Bancii de date a Registrului sistemului informational al
Ariilor Naturale Protejate de Stat” si a proiectului 20.80009.7007.08: ,Modelarea spatio-temporald a
componentelor abiotice de mediu in scopul evaluarii securitatii ecologice ale peisajelor”.

3. REZULTATE $S1 DISCUTII

Conform raionadrii fizico-geografice a Republicii Moldova (2019) [14], teritoriul supus cercetarii
se Incadreaza in Regiunea Podisurilor si Campiilor de silvostepa a Moldovei de Nord, subregiunea
Podisul de silvostepa al Nistrului, care ocupa interfluviul Raut-Nistru (altitudinea maxima 350 m)
si ocupd 10,49% din suprafata Republicii Moldova (Figura 1). Podisul prezinta un relief moderat
fragmentat de un sistem de vai si ravene Inguste, uneori in forma de chei (densitatea fragmentarii
este cuprinsa intre 1,9 si 2,1 km/km?). Se inregistreaza o pondere mare a versantilor cu panta mai
mare de 6° (11,8% din suprafata totald) iar in zona de studiu se dezvoltd in mare masurd procesele
erozionale, alunecdrile de teren si cele carstice. Precipitatiile medii anuale depdsesc 600 mm. Suma
temperaturilor active din perioada de vegetatie este de 2900° in nord si de 3150° in sudul subregiunii
fizico-geografice. Temperatura medie a lunii ianuarie variaza de la —4,5 °C in nord pana la -3,5 °C
in sud, iar cea a lunii iulie, de la 19,5 °C in nord pana la 20 °C in sud. Pe soluri cenusii molice, cenusii
si cernoziomuri levigate sunt rdspandite dumbravi de gorun si carpen in sud, si de gorun si cires in
nord. Padurile ocupa 11,0% iar terenurile agricole 79,8% din suprafata totald a subregiunii [15].

Repartitia valorilor altitudinale din cadrul zonei de studiu are un impact direct asupra
distributiei resurselor pedo-climatice si biotice din regiune. Calculand indicele de ariditate De
Martonne (IM) pentru perioada 1980-2020, observam faptul ca valorile sale variaza in cuprinsul
zonei de studiu, fapt explicat prin parametrii locali cu influente asupra climei (forme de relief,
inclinare, expozitie, etc.). Astfel, in cadrul Podisului de silvostepa al Nistrului, valorile IM anuale
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variazad In limitele 23-37 unitdti, avand valori mai joase la extremitatea nord-vestica si nord-estica a
podisului (Figura 2). Cu cat altitudinea este mai joasa cu atat teritoriul podisului este caracterizat de
valori mai mici ale IM, si cu cat valorile altitudinale sunt mai mari, cu atat valorile IM cresc.
Comparand valorile obtinute cu datele din literatura de specialitate, care determina climatul
caracteristic In conexiune cu tipul de vegetatie, se poate afirma faptul cd, in general, teritoriul
podisului dispune de conditii climatice semi-umede, favorabile dezvoltdrii atat vegetatiei de stepa,
cat si a comunitdtilor de silvostepd. Daca integram valorile IM obtinute in zonele de vulnerabilitate
ale padurilor fatd de aridizare (conform datelor din literatura de specialitate), se poate preciza faptul
cd vegetatia forestiera din acest areal se incadreaza preponderent in urmatoarele zone:

- Zona cu vulnerabilitate foarte ridicata (valorile IM sub 25 unitati), caracterizata de un
climat semi-arid, unde deficitul de durata in umiditate poate induce degradarea si/sau
distrugerea pddurilor, identificata in sectoarele periferice din partea de nord a podisului;

- Zona cu vulnerabilitate ridicata (valorile IM cuprinse intre 25-30 unitdti), caracterizata de
prezenta unui climat moderat arid, unde este posibild inregistrarea modificarilor de durata
ale umiditatii, identificatd in sectoarele din partea nordica a podisului si in regiunile
periferice;

- Zona cu vulnerabilitate medie (valorile IM cuprinse intre 30-35 unitati), caracterizata de
prezenta unui climat putin umed, cu modificdri ale umiditatii doar In anumiti ani,
identificata in sectoarele din partea centrala si de sud a podisului. Valorile IM peste 35
unitati indicd un climat favorabil dezvoltdrii padurilor in regiune, deoarece nu sunt
inregistrate modificdri ale regimului higrometric.

Variatia temporala a IM pentru statia meteorologica Soroca in perioada de vara (iunie, iulie si
august sunt luni recunoscute prin aportul mai scazut al precipitatiilor in regiune si prin prezenta
celor mai ridicate temperaturi ale aerului pe parcursul anului), evidentiaza descresteri semnificative
ale valorilor acestui indice, care indica instalarea conditiilor climatice specifice zonei de stepa in
regiune, indeosebi in anii secetosi (Figura 3). In acelasi timp, se remarci faptul ci in ultimul deceniu,
descresc intens valorile IM in regiune, vara instalandu-se conditii climatice favorabile dezvoltarii
vegetatiei de stepa cu graminee, fapt indus de scaderea cantitdtii de precipitatii si de cresterea
temperaturii aerului in regiune.

In Republica Moldova, lunile mai-august sunt cunoscute prin intensificarea procesului de
aridizare a climei, cu influente negative asupra fazelor de ontogeneza ale plantelor. Calculul
indicelui perioadelor uscate (Izu), pentru teritoriul Podisului de silvostepa al Nistrului, indica un
trend temporar de crestere a valorilor, incepand cu anii ‘80 (in mare parte, determinata de cresterea
fondului termic). Conform analizei datelor se observa ca in anii secetosi, indeosebi din ultimele
decade (2007-2009, 2011, 2015, 2019) sunt inregistrate valori Inalte ale Izu, care indicd prezenta tot
mai crescutd a perioadelor secetoase caracterizate de lipsa precipitatiilor atmosferice in regiune
(Figura 4). Comparand valorile obtinute ale Izu cu datele de referintd din literatura de specialitate,
se constata faptul ca in regiune, pentru perioada de studiu, sunt foarte putini ani umezi, incadrati in
asa numita ,perioadd normald” (valori ale Izu intre 0,1-1,0 unitdti), precum si faptul ca este in
crestere frecventa anilor cu prezenta , perioadelor uscate moderate” (Izu intre 1,1-2,0). De asemenea,
ultimul deceniu a fost incadrat in categoria ,,perioade uscate semnificative” (Izu intre 2,1-3,0).
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Figura 1. Repartitia altitudinii absolute in zona de Figura 2. Repartitia spatiala a valorilor medii ale IM
studiu. in zona de studiu, in perioada 1980-2020.
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Figura 3. Repartitia spatiala a valorilor IM (sezonier-vara), conform datelor statiei meteorologice Soroca
(1980-2020).
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Figura 4. Distributia temporala a valorilor indicelui perioadelor uscate (Izu), conform datelor statiei
meteorologice Soroca (1980-2020).
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Studiile climatice recente [16] indica tendinte evidente de aridizare in regiunea luata in studiu.
In general, parametrii climatici din cadrul Podisului de silvostepa al Nistrului, pentru perioada de
referintd luata in studiu (1986-2005), prezentau urmatoarele valori: media anuald a temperaturii
aerului de 9,5 - 10,0 °C si cantitatea medie anuala de precipitatii de 600-650mm. Pentru perioada de
vara, valorile temperaturii medii anuale cresc pand la 20,0 - 21,0 °C, iar cantitatea medie anuald de
precipitatii pentru sezonul cald variaza intre 350-400 mm. Conform cercetarilor din domeniu, cele
trei scenarii climatice (RCP 2.8, RCP 4.5 si RCP 8.5) prognozeaza schimbari evidente in temperatura
medie anuald si cantitatea medie anuala de precipitatii pentru anotimpul de vard, pentru toate
perioadele viitoare (2021-2040; 2041-2060 si 2081-2100). Astfel, in toate cele trei scenarii climatice, se
prognozeaza cresteri ale temperaturii medii a aerului in perioada de vard, in comparatie cu perioada
de referintd (Figura 5). Totusi, o schimbare mai evidenta a temperaturii medii anuale se inregistreaza
pentru perioada 2081-2100, in scenariul climatic RCP 8.5, conform caruia in extremitatea sudica a
podisului se prognozeazi prezenta temperaturilor aerului de 26.0 - 26.5 °C vara. in comparatie,
temperaturile medii anuale prognozate sunt de 23 — 24 °C in scenariul climatic RCP 4.5 si de 22 -
23 °Cin scenariul RCP 2.8. Schimbari evidente se vor inregistra si in distributia teritoriald a cantitatii
de precipitatii pentru sezonul cald (Figura 6), in comparatie cu perioada de referinta (1986-2005).

Temperatura medie, °C
Anotimpul de vara
Perioada 2081-2100
Scenariul RCP8.5

Temperatura medie, °C
Anotimpul de vara
Perioada 2081-2100
Scenariul RCP2.6

Temperatura medie, °C
Anotimpul de vard
Perioada 2081-2100
Scenariul RCP4.5

[ J200-210 [ J211-220 [ 237-250
[ J210-220 [ 1220-230 I 25,0 - 26,0
[]220-228 I 23.0-239 I 26,0 - 26,6

Precipitatii medii, mm
Sezonul cald
Perioada 2081-2100
Scenariul RCP4.5

[ ]a31,1-3500

Precipitatii medii, mm
Sezonul cald
Perioada 2081-2100
Scenariul RCP2.6

Precipitatii medii, mm
Sezonul cald
Perioada 2081-2100
Scenariul RCP8.5

[ Js27.4-3500 [ ]312.9-3500
[ 350,0- 400,0 [ =s0,0- 4000 [[1 350,0- 400,0
B <000 - 4622 B 400.0-467,1 I 200.0-4455

Figura 6. Prognoza cantitatii medii de precipitatii pentru zona de studiu in anotimpul de vara (2081-2100).
Astfel, pe teritoriul Podisului de silvostepad al Nistrului, repartitia spatiald a valorilor maxime
ale cantitatii de precipitatii (circa 400-450 mm) este inegala conform celor trei scenarii climatice.
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Chiar daca sunt inregistrate tendinte slabe de crestere a cantitatii de precipitatii (cu circa 10%), fata
de perioada de referintd, pe fondul cresterii temperaturii medii a aerului, in regiune se va resimti
impactul schimbarilor climatice. Aceste schimbari trebuie analizate in corelatie cu parametrii
climatici optimi dezvoltarii speciilor de arbori mezofite, care predomina in compozitia arboretelor
din zona de studiu. Aridizarea va avea impact asupra ecosistemelor forestiere, indeosebi in perioada
criticd de vegetatie a arboretelor (iunie-august), cu producerea unor schimbari la nivelul sensibilitatii
speciilor forestiere fata de deficitul de apa, modificari in structura compozitionala a ecosistemelor
respective si deplasari corologice ale speciilor [17]. Spre exemplu, cercetdrile autoecologice pentru
speciile Quercus robur si Quercus petraea realizate la nivel european, care includ si teritoriul Republicii
Moldova, indica faptul ca optimul ecologic pentru aceste specii se incadreaza in temperaturi medii
anuale intre 5-15 °C si precipitatii atmosferice anuale de peste 400 mm, iar datorita adaptarilor la
mediul inconjurdtor, aceste specii pot fi intdlnite si in afara acestor valori optime - zona sub-
optimului [18]. Totusi, ecosistemele forestiere din zona de studiu vor resimti impactul schimbarilor
climatice in combinatie cu alti factori abiotici si biotici, cum ar fi scaderea nivelului apelor subterane,
absenta inundatiilor, poluarea aerului si apei, neadaptarea practicilor silvice la modificarile de
mediu etc. Astfel, preocuparile privind cercetarile stiintifice in domeniu, managementul durabil al
sectorului forestier si extinderea suprafetelor forestiere cu specii de arbori care vor rezista si se vor
dezvolta in noile conditii de mediu trebuie si fie continuate si dezvoltate. In acest context, studiile
pot fi corelate si incadrate in unele cerinte ale Programului national de extindere si reabilitare a
padurilor pentru perioada 2023-2032 si ale Planului de actiuni pentru implementarea acestuia, pe
perioada 2023-2027, care vizeaza intemeierea culturilor forestiere adaptate schimbarilor climatice,
adaptarea sectorului de producere a materialului forestier semincer si saditor la evolutia
schimbdrilor climatice, obtinerea unor pdaduri diversificate, cu respectarea balantei dintre
compozitia, structura specificd si conditiile edafice si climatice, care s realizeze indici favorabili de
productie (biodiversitate optima) etc. [19].

4. CONCLUZII

1) In teritoriul studiat sunt prezente mai multe zone de vulnerabilitate a ecosistemelor
forestiere si se preconizeaza instalarea conditiilor climatice semi-aride;

2) Valorile indicelui perioadelor uscate indica, incepand cu anii ‘80, prezenta unui numar tot
mai mare de zile uscate in regiune, cu impact negativ asupra plantelor;

3) Tendinte evidente de aridizare in zona de studiu sunt prognozate prin toate cele 3 scenarii
climatice (RCP 2.8, RCP 4.5 si RCP 8.5), comparativ cu perioada de referinta luata in studiu
(1986-2005);

4) Arboretele autohtone vor fi influentate de actiunea conjugatd a factorilor abiotici, biotici si
antropici. Se preconizeaza ca se vor extinde suprafetele ocupate de speciile mezo-xerofite
si xerofite. In acest context, studiile privind managementul durabil al sectorului forestier si
extinderea suprafetelor forestiere prin folosirea de specii care vor rezista si se vor dezvolta
in noile conditii de mediu, trebuie sd reprezinte o prioritate sectoriald a tarii.
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EXTENDED ABSTRACT

Title in English: Assessment of the aridity’s impact on forest ecosystems: a case study in the Dniester forest-
steppe plateau

Introduction: Climate change is becoming one of the most visible and obvious phenomena at global, regional and
local scale, being recognized by the spatial and temporal changes of the climate components. In this context, the studies
on climate changes impact and associated risks on representative forest ecosystems are needed to adapt the forestry
practices to such changes.

Materials and methods: Eco-metric indices are very useful tools in assessing the favorability of an area for a
certain type of ecosystem. The eco-climatic index of De Martonne (IM), allows the determination of the degree of aridity
of a region for characteristic periods (a year or a month), being an expression of the restrictive character that the climatic
conditions impose on certain plant formations. The index of dry periods (Izu), represents the ratio between the number of
dry days, recorded in specific years, to their multiannual average. In this study, the obtained values were related to
reference tables and maps have been obtained by cartographic modeling using the method of regression and the analysis
of residuals. The study used the multi-year data on the thermal regime and the annual/monthly amount of precipitation,
collected from the State Hydrometeorological Service, for the period of 1980-2020.

Results and discussions: Within the Dniester Plateau, the annual values of IM are 23-37 units (being directly
related to the altitude of the territory), indicating the presence of semi-humid climatic conditions, favorable for the
development of forest-steppe vegetation. They also indicate several areas of forest which is vulnerable to climate changes
(from the very high, to high and medium vulnerability) and show clear tendencies for semi-arid climatic conditions,
specific to the steppe zone, especially during the summer period. The Izu values have been increasing since the 80s,
indicating a lack of atmospheric precipitation in the region, with a particular impact on plant ontogenesis. Obvious
climate changing trends for the Dniester forest-steppe plateau are forecast by all 3 climate scenarios (RCP 2.8, RCP 4.5
and RCP 8.5), compared to the reference period taken into study (1986-2005). Even if there are weak trends to increase
the amount of precipitation (by about 10%), the region will witness the impact of the climate changes. These changes have
to be analyzed in correlation with the climatic parameters which are optimal for the mesophilic tree species development
and with the species which dominate in the forest stands of the area.

Conclusions: Scientific research in the field of sustainable management of the forestry sector and the expansion
of forest areas with tree species resistant to the new environmental conditions must be continued and developed.

Keywords: Climate change, Climate scenarios, Forest ecosystems, Eco-climatic indices, Vulnerability.
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Corythucha arcuata este o specie alogend invazivd de origine nord-
americand care in Europa a fost raportatd pentru prima datd in anul
2000, in Italia. Prin vdtimdrile pe care le produce, in special asupra
arborilor de stejar, aceastd specie poate avea efecte negative majore
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reconstitui invazia provocatd de insecta C. arcuata in Romdnia pentru a
intelege cum a reusit sd se raspandeasci atit de rapid. Rezultatele acestei
lucriri conduc spre trei ipoteze de lucru: 1) fenomenul de invazie
provocat de insecta Corythucha arcuata in Romdnia s-a produs cu o
vitezid extrem de mare; 2) insecta a sosit in Romdnia cu mai mult timp
inainte de prima semnalare din 2015; 3) C. arcuata a pdtruns in
Romania pe cdi diferite in acelasi timp, sau la o diferentd micd de timp.
Aceasti lucrare scoate in evidentd faptul cd insecta are o mare capacitate
de a invada teritorii noi si de a migra rapid.
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1. INTRODUCERE

Corythucha arcuata (Say, 1832) (Hemiptera, Tingidae) este o specie de origine nord-americana
care produce decolorari clorotice asupra frunzisului arborilor gazdd, hranindu-se cu seva din frunze
atat in stadiul de nimfa cat si in stadiul de adult [1]. In zona sa de origine, potrivit unor studii
realizate in regiunea nearcticd a Americii de Nord [2,3], aceasta insectd se dezvolta pe plante gazda
precum Quercus alba L., Quercus macrocarpa Michaux, Quercus montana Willdenow, Quercus
muehlenbergii Engelmann, Quercus prinoides Willdenow, Quercus rubra L., dar si pe alte specii de
Quercus (Fagaceae). De asemenea, insecta a mai fost observata ocazional pe specii gazda din genul
Acer, Malus sau Rosa.

In Europa, pana in 2019, Corythucha arcuata a fost semnalata pe plante gazda precum: Quercus
petraea L., Quercus robur L., Quercus pubescens Wild., Quercus virgiliana Mill., Quercus cerris L., Quercus
rubra L., Rubus ideaus L., Rubus ulmifolius Schott., Castanea sativa Mill., Rosa canina L., Ulmus minor
Mill. si Malus sylvestris (L.) Mill. [1,4-8]. In anul 2019, gama de specii gazda a plosnitei dantelate a
stejarului a fost studiata mai indeaproape de o echipa eurasiatica de cercetatori [9] in 20 de gradini
botanice si arborete din 7 tdri. Din cele 48 de specii de stejar cercetate, 27 au fost identificate ca fiind
gazde adecvate. Niciunul dintre stejarii rosii din America de Nord nu a fost gasit ca gazda potrivita,
insa, aproape toti stejarii eurasiatici au fost inregistrati ca gazde preferate de insecta C. arcuata. Mai
mult decat atat, in studiul realizat de [9] s-au inregistrat 29 de alte specii gazda, care nu sunt
cvercinee (Castanea spp., Rubus spp., Corylus spp., Acer spp., Prunus spp., Tilia spp. etc.).

Aceastd insectd a fost semnalatd pentru prima datd in Europa, in anul 2000, in Italia [10]. in
anul 2002 insecta a fost raportatd in sudul Elvetiei [5] si In Turcia [11], iar in anul 2005 in Iran [12].
Cativa ani mai tarziu, in anul 2012 a fost observata pentru prima data in Bulgaria [6], iar in 2013 in
Ungaria [13], Croatia [7] si Serbia [14-16].

In Romania, insecta a fost observati pentru prima daté in anul 2015, in vestul tarii [17-19],
urmand ca in august 2016, sa fie depistata si in sudul tarii [8,20-22]. Pentru a intelege cum a reusit
aceastd insecta sa se raspandeascd atat de rapid in doar cateva luni cat si pentru a obtine o imagine
de ansamblu a invaziei provocate in Romania, s-a recurs la reconstituirea invaziei, acesta fiind
scopul lucrarii de fata.

Dincolo de atingerea acestui scop, acest studiu si-a propus sa raspunda la intrebari precum: i)
a reusit aceastd insecta sa invadeze teritoriile dintre vestul si sudul Romaniei in doar cateva luni? ii)
este C. arcuata prezentd in Romania cu mult timp inainte de prima semnalare? iii) si nu in ultimul
rand, a patruns aceasta plosnita in Romania pe cai diferite in acelasi timp?

2. MATERIALE SI METODE

Pentru reconstituirea invaziei produse de plosnita dantelata a stejarului in Romania s-a recurs
la 0 metoda de lucru de tip ,review”. Astfel, rezultatele cercetdrilor identificate in literatura de
specialitate cu privire la raportarea plosnitei In Romania sau rdspandirea sa in teritoriu s-au
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prezentat in ordine cronologicé cu scopul de a intelege mai bine fenomenul de invazie produs. Intr-
un final, plecand de la intrebarile anterior formulate, precum si pe baza compilarii exhaustive de
date din literatura de specialitate, s-a recurs la emiterea si dezvoltarea a trei ipoteze privind modul
de invazie a insectei C. arcuata in Romania (a se vedea capitolul Rezultate si discutii). Pentru a scoate
in evidenta relatia dintre intensitatea atacurilor provocate si unitdtile ecosistemice invadate, s-a
recurs la cartografierea vatamarilor produse in fiecare an de Corythucha arcuata pe harta
ecosistemelor de cvercinee din Romania [23]. Redactarea hartilor a fost realizatda cu ajutorul
programului ArcGIS 10.3 dezvoltat de ESRI.

3. REZULTATE SI DISCUTII

Prima raportare a speciei Corythucha arcuata in Romania a fost inregistrata in august 2015 [17]
in Gradina Botanicd Macea din judetul Arad (Figura 1). In luna octombrie a aceluiasi an, in
proximitatea Grddinii Botanice din Arad, insecta fost semnalata din nou [18,19] (Figura 1). Un an
mai tarziu, in anul 2016, Corythucha arcuata a continuat sa fie prezenta in vestul Romaniei, fiind
observatd de [18] in alte trei locuri (Figura 1). De asemenea, in 2017 insecta a fost observata pentru
prima data in sudul tdrii (Figura 1), atat in apropiere de Bucuresti [8,20,22] cat si in alte trei locuri
din Prahova, Teleorman si Dolj [8,22].

In 2017, la doar doi ani dupa prima semnalare, rezultatele unui amplu proiect de cercetare
national [8], al cdrui scop principal a fost de a depista raspandirea acestei specii in Romania, au aratat
cad insecta a fost prezenta in 67 puncte din 124 de culturi din pepiniera, terenuri forestiere, sau
arborete cu specii din genul Quercus (Figura 1). Conform descrierii fitoclimatice realizata de [§]
pentru habitatele in care Corythucha arcuata a fost semnalata in anul 2017, insecta a invadat paduri
situate intre 34 si 534 metri altitudine, cu temperaturi medii anuale cuprinse intre 8,2 °C si 11,7 °C si
precipitatii medii anuale cuprinse intre intervalul 419,6 si 860 mm.

Aceastd descriere fitoclimaticd a habitatelor in care Corythucha arcuata a fost semnalatd pana in
2017 ajuta la intelegerea modelului invaziei produs in Romania, mai ales ca autorii studiului [24]
considerd ca rdspandirea unei specii invazive este influentatd semnificativ de factorii climatici.
Faptul ca in 2017 insecta si-a facut simtitd prezenta in mai multe locuri de pe intreg teritoriul extra-
carpatic, nu Inseamna neapdrat cd, in acel an, insecta a ajuns intr-un punct culminant al procesului
de invazie biologicd. Aceastd rdaspandire de la un an la altul se poate datora faptului cd, spre
deosebire de anii precedenti, incepand cu anul 2017 s-au efectuat monitorizari intensive cu
obiectivul specific de a depista insecta in cat mai multe locuri cu specii gazda de cvercinee.

De asemenea, chiar daca insecta a fost raportata atat in nordul, vestul cat si in centrul
Romaniei, cele mai multe puncte unde insecta a fost prezenta si unde a produs decolorari puternice
au fost situate In sudul tarii, unde fusese semnalata pentru prima data cu doar un an in urma.
Interesant este cd aceste puncte din sudul tarii care au fost semnalate in 2016 se afla la distante de
pana la 350 de km fata de primele locuri raportate in 2015.
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Figura 1. Locurile din Romania in care a fost raportata insecta C. arcuata in perioada 2015-2017.

Plecand de la intrebarile formulate In introducerea acestei lucrari, dacid se are In vedere
reconstituirea modelului real al invaziei provocate de Corythucha arcuata in Romania, considerentele
prezentate mai sus conduc spre trei ipoteze de lucru:

i) Fenomenul de invazie provocat de insecta Corythucha arcuata in Romania s-a produs cu
o viteza extrem de mare, parcurgand, in doar un an, peste 300 de km si reusind astfel
sd se extindd In doar doi ani in Intreg exteriorul Arcului Carpatic;

ii) Corythucha arcuata a sosit in Romania cu mai mult timp inainte de prima semnalare din
2015, insa a fost prezenta in densitati scazute, care au ajutat-o sa supravietuiasca, sa se
inmulteasca si sa invadeze teritoriul fara sa isi faca simtita prezenta;

iii) Insecta a patruns in Romania pe cai diferite in acelasi timp, sau la o diferentd mica de
timp. O poarta de intrare in Romania ar putea fi sudul tarii (dinspre Bulgaria), iar
cealalta poarta poate fi vestul tarii (dinspre Serbia sau Ungaria).

Prima ipoteza, conform cdreia Corythucha arcuata si-a extins arealul pe intreg teritoriul
Romaniei intr-un singur an, a fost luata in calcul dupa ce, in alte studii [1,25-28] rezultatele au aratat
cd In tari precum Ungaria, Croatia, Slovenia sau Turcia a avut o expansiune rapida, invadand intr-
un timp scurt teritorii mari. Cu toate acestea insd, daca se ia In considerare distanta de ordinul
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sutelor de kilometri precum si lantul carpatic dintre primele puncte semnalate in 2015 in vestul tarii
si numeroasele puncte depistate in 2016-2017, nu exista un temei stiintific astfel incat aceastd ipoteza
sa poatd fi validata. Aceastda necunoscutd poate fi rezolvata prin elaborarea unor studii
pluridisciplinare care sa aibd la baza indici de vegetatie si biofizici extrasi din imagini satelitare, si,
in acest fel, prin urmarirea decolordrilor produse de insecta sd se poatd identifica traseul real al
insectei din 2015 pana in 2017.

Cea a doua ipotezd, conform careia insecta Corythucha arcuata este prezenta in Romania cu mult
timp Inainte de prima semnalare, a mai fost abordata intr-o altd lucrare stiintifica [8]. Acest studiu
mentioneaza ca specialisti silvici din Romania [8] au sustinut ca simptome precum cele cauzate de
atacul acestei insecte au mai fost observate in trecut in padurile de cvercinee din partea de sud a
tarii, dar nu au existat investigatii specifice pentru a determina cauza lor la acel moment. Mai mult
decat atat, aceastd ipotezd este sustinutd si de faptul ca in tdrile vecine Romaniei, plosnita a fost
semnalatd cu mult timp Inainte de prima raportare din Romania. De exemplu, in Ungaria si Serbia
insecta a fost observata pentru prima datd in 2013 [13,15], iar in Bulgaria este semnalata inca din 2012
[6]. Avand 1n vedere aceste considerente, exista posibilitatea ca insecta Corythucha arcuata sa fi fost
prezenta In Romania inainte de 2015, insa nivelul redus al populatiilor din faza incipientd a
procesului de invazie a ajutat-o sd se rdspandeasca in teritoriu fara sa fie observata.

Plecand de la cea de-a doua ipoteza, care scoate in evidenta ca, in anii 2012-2013 insecta a fost
deja prezenta atat in Bulgaria, cat si iIn Ungaria si Serbia, s-a dezvoltat cea de-a treia ipoteza care a
mai fost mentionata in studiul [8]. Aceasta presupune ca insecta Corythucha arcuata ar fi putut sa
patrunda in Romania concomitent, pe cdi diferite. O poarta de intrare In tara ar putea fi frontierele
din sudul Romaniei iar cealaltd poarta ar putea fi frontierele din vestul tdrii. Aceastd ipoteza se
bazeaza pe faptul cd inainte de primele semnaldri in Romania, insecta a fost prezentd simultan atat
in tdrile din sudul Romaniei precum Turcia sau Bulgaria, cat siin cele din vest: Italia, Elvetia, Croatia,
Ungaria si Serbia. Aceasta ipotezd mai poate fi sustinuta si de faptul ca in tarile din nordul si estul
Romaniei insecta a fost semnalatd dupa ce aceasta a fost observata in Romania: Ucraina 2017 [29],
Republica Moldova 2018 [30]. Cu toate acestea, validitatea acestei ipoteze este dificil de verificat si
necesita studii genetice ale insectelor din fiecare regiune.

4. CONCLUZII

Insecta a fost semnalatd pentru prima datd in Romania in anul 2015, in vestul tarii. Avand in
vedere ca prezenta insectei a fost semnalata mai intai in vestul tarii si la scurt timp in sud, migrarea
ei s-ar fi putut face din tarile vecine: Ungaria, si Serbia (in vest si sud-vest) si Bulgaria (in sud). In
tarile mentionate, semnalarea insectei s-a facut inainte de 2015, mai exact in perioada 2012-2013.
Insecta are o mare capacitate de a invada teritorii noi si de a migra rapid. in Roménia a inaintat, din
sud catre centrul tarii, circa 300 km intr-un an, iar in doi ani a reusit sa infesteze intreg teritoriul
extracarpatic.

MATERIALE SUPLIMENTARE

Nu este cazul.
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MULTUMIRI

Rezultatele prezentate in aceasta lucrare constituie o parte din lucrarea de doctorat a lui Flavius
BALACENOIU - Comportamentul invaziv, bioecologia si managementul speciei alohtone Corythucha arcuata
(Say, 1832) (Hemiptera, Tingidae) in padurile de cvercinee din Romania.

EXTENDED ABSTRACT - REZUMAT EXTINS

Title in English: Invasion of alien species Corythucha arcuata (Say, 1832) (Hemiptera, Tingidae) in Romania.

Introduction: Commonly known as oak lace bug, Corythucha arcuata is an invasive alien species of North
American origin that was first reported in Europe in 2000, in Italy. Due to the damage it causes, especially to oak trees,
this species is considered an insect that can have major negative effects on the oak forests’ health in Europe and Romania.

Materials and methods: The goal of this paper was to reconstitute the invasion of the oak lace bug in Romania
to understand how it managed to spread so quickly. For this purpose, based on exhaustive compilation of literature data,
the occurrence of oak lace bug was pointed each year on the map of oak ecosystems in Romania. This study is based on a
review of available papers that have reported the occurrence of the species in different parts of the country, based on which
a map was developed to show the species’ spreading in time at the national level.

Results and discussion: In Romania it was reported for the first time in 2015, in the western part of the country
and in a few months, in 2016, it was detected in the southern part of the country, at a distance of over 300 km. The results
of this study led to three hypotheses: 1) the invasion of oak lace bug in Romania occurred with an extremely high speed;
2) the insect arrived in Romania long before the first report (the one from 2015); 3) C. arcuata entered Romania in different
places at the same time, or at a small-time difference.

Conclusions: This study highlights that the insect has a great ability to invade new territories and migrate
quickly. In Romania it advanced from the south of the country to its center, approximately 300 km in one year, and in
two years it managed to infest the entire extra-Carpathian territory.

Keywords: oak lace bug; invasive alien species; oak forests; biological invasions.
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1. INTRODUCTION

Delivering the wood to industry involves several operational steps, many of which are
developed at the felling site and which may have an impact on the forest stands [1]. Mechanical
damaging of residual trees is one of the impacts caused by machines to the stands, which may affect
further the quality and value of future forests [2]. The extent and severity of mechanical damage
depends on several factors such as the type of machines used, type of operation, harvesting system
and extraction method used, skills of the workers, stand density, extraction intensity, silvicultural
treatment, ground slope, species, and season of operation [2-4]. Although a damage-free operation
is usually not possible, one of the goals of planning and implementing timber harvesting operations
should be to find ways to limit its extent and severity [5].

Providing recommendations on the most suitable working methods so as to avoid damage to
residual trees is typically based on a quantitative evaluation of the damages. Once these
quantifications were done, their outcomes are typically linked to relevant quantitative or qualitative
factors with the aim to characterize a given harvesting method in terms of damage or to provide
information on the best suited harvesting methods to given conditions.

There are many methods and systems which were developed and tested to quantify the extent
and severity of mechanical damage to residual trees [e.g. 4, 6-9]. Many of them share a common
feature, namely the use of the wound size for some sort of classification that is designed to
characterize the mechanical damage. From practical and scientific points of view, the size is
important to characterize both the extent and severity of the damage, and many of the quantification
systems hold several size classes which are useful to provide information on the severity of damage
[6, 8], since wound closure is dependent on its size [2]. Estimation of the wound size is commonly
based on taking two measurements that are rather intuitive and easily to identify and visualize in
the field. Typically, the height and the width of the wound are taken by a tape, and usually their
values are rounded to the nearest centimeter. The height is taken as the maximum height along the
tree’s taper while the width is taken as the maximum width along the tree’s circumference [6]. Then,
the area of a wound is approximated to a known, parametric shape such as an ellipse [5] or a
rectangle [6], to produce an estimate of the wound’s size.

Unfortunately, the shapes of the wounds are frequently more complex than that of a
parametric geometrical feature, which rather challenging for a correct estimation of their size. Then,
for a given site, it is common in science and practice to use the same parametric feature when
estimating the size of the wounds, irrespective of the variability in shape found in the field, which
brings some accuracy limitations in estimating the extent and severity of the damage. For instance,
an approximation of oval-shaped wounds to rectangles would produce overestimates in size, the
same way in which an approximation of rectangularly-shaped wounds to ellipses will produce
underestimates in size. Undoubtedly, there are many studies reporting on the damage to the
residual trees. For instance, the study of [2] has characterized extensively the problem, being based
on many available studies reflecting the causes and effects of mechanical damage. However, to the
best knowledge of the authors, no study was carried out to evaluate how the approximation of
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wounds to given parametric geometrical features may impact the accuracy of residual tree damage
estimates.

The goal of this study was to evaluate how the approximation of wound size to given
parametric geometrical features may affect the accuracy of residual stand damage estimations. The
objectives of the study were i) to develop a reliable method to estimate the size of the wounds with
the main purpose of using its estimates as a reference, ii) to compare the estimates produced by the
commonly used size approximation methods to the reference ones and iii) to formulate
recommendations for improvement in the methods used to quantify the mechanical damage to
residual trees.

2. MATERIALS AND METHODS
2.1. Area of study

The field phase of the study was carried out in Neamt county in a forest dominated by Norway
spruce (Figure 1). Thinning operations were done in the compartment taken into study one year
before the collection of the data.

Sea

Figure 1. Location of the study. Legend: (a) - location of Romania at the European level, (b) - location of the
study area at national level, (c) forest stand after the thinning operations, (d) examples of regularly shaped
(left) and irregularly shaped (right) mechanical damages from the study area, (d) - an image processed in
AutoCAD Map 3D [10] to determine the size of the wound based on digitization. Source: figure developed
and complied in QGis [11] and Microsoft ® PowerPoint [12] based on field collected photographs and
freely-available thematic layers of QGis.
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The area of the forest compartment is of 42.25 hectares, and the area of the harvesting site was

of 22 hectares. A detailed description of the site, stand and harvesting parameters is given in Table
1.

Table 1. Description of the site taken into study

Parameter Measurement Value Comments
unit

Site parameters

Elevation m 710-970 Source: Forest management plan
Aspect - Northern Source: Forest management plan
Slope ° 27 Source: Forest management plan
Stand parameters
Flora - Asperula-Dentaria Source: Forest management plan
Composition - 40%Norway spruce Source: Forest management plan
20% Silver fir

20% European beech
20% Sycamore maple

Density before tenths 0.9 Source: Forest management plan
harvesting
Average DBH cm 18.6 Wood selling documents
Average height m 13 Wood selling documents
Average tree size m? 0.08 Wood selling documents
Volume fore m? 1140.81 Wood selling documents
extraction
Silvicultural . Thinning Wood selling documents
system
Harvesting
parameters
Harvesting system - Motor-manual felling -
and delimbing, pre-
skidding and skidding
with a cable skidder
Harvesting - Tree length -
method

Dominant in the extracted volume were the coniferous trees, accounting for 827 m?, followed
by beech (237 m?) and other broadleaves (76 m?). Pre-skidding and skidding were done by a skidder
equipped with a winch, which is the dominant extraction method used in Romania [1,13].

2.2. Study design and data collection

In total, a number of 70 wounds were taken into study as they were identified on the trees in
the field. The field phase of the study consisted of several tasks such as identifying the wounded
trees, geo-location of the wounded trees by a handheld GPS unit (Garmin GPSMap 64sx, [14]),
measurement of the distance from the wounded tree to the nearest skid trail, and tree level
measurements on the wounds. For each wound (Figure 2), the maximum height (hereafter hm.) and
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maximum width (hereafter wm.) were measured by a tape to the nearest centimeter. The maximum
width was measured along the circumference of the tree. For characterization, the diameter at the
breast height (DBH) of each wounded tree was taken to the nearest centimeter by a caliper. Then,
the diameter at the lower, middle (Dwis) and upper part of the wound were taken as well at the
nearest centimeter.

Figure 2. Concept used in the field measurements. Legend: hma - maximum height of the wound, wmax -
maximum width of the wound, Duis - diameter of the tree measured at the middle of the hma. Note: the
border between the wound and bark was digitized as a closed polyline after picture scaling, and then the
projected area of the wound was taken from polyline’s properties.

In a next step, pictures were taken perpendicularly on the wound from a distance of
approximately one meter. The pictures were numbered according to the wound identified on each
tree and were paired with the manually taken data. An iPhone 13 ProMax [15] platform was used to
collect the pictures in the default mode. The pictures were stored on the device’s internal memory
and the results of the manually taken measurements were noted on a field book.

2.3. Data processing

At the office, the pictures were downloaded and systematized in folders named by the tree
and wound identification numbers. The results of manual measurements were then inserted in a
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Microsoft ® Excel [12] sheet which included the following features: identification numbers of the
trees and wounds, DBH (cm), diameters at the bottom (Deot, cm), middle (Dwit, cm) and upper (Dupy,
cm) part of the wound, maximum wound height (max, cm) and maximum wound width (wmax, cm).

By using AutoCAD Map 3D (student version, 2013) [10], each of the pictures was inserted in
the work space, and scaled based on the wound’s corresponding hm which was used as a scaling
reference. To do so, a line having length equivalent to hm« was first drawn in the work space. Then,
the corresponding picture was uploaded, rotated (when necessary), scaled and placed so as the
maximum height from the picture was fitted to the line previously drawn; then, the projected area
of the wound (PAuu, cm?) was measured by finely digitizing the border between the wood and the
bark in the form of a closed polyline (Figure 2), and the value of the projected area was taken from
the polyline’s properties.

In a next step, the digital width of the wound (wau) was measured in AutoCAD to the nearest
centimeter for each picture, and the results were used to check the accuracy of the wound’s, width
data collected manually (waut < wmx), as well as to compute an area scaling factor for each picture
according to Equation 1. The best estimate of the real area of the wound (WA, cm?) was computed
by multiplying the projected area (PA, cm?) with the area scaling factor (ASF) according to the
Equation 2. This was also done for each picture.

ASF [unitless] = wmax [em] / Wauto [cm] (1)

WA [cm?] = PAauto [cm?] x ASF (2)

Where:

ASF - area scaling factor; wm - maximum width of the wound as measured in the field; wau -
the width of the wound measured in AutoCAD, WA - estimate of the real area of the wound, PA -
projected area of the wound as measured by digitization in AutoCAD.

WA e [cm?] = hmax [cM] X Wmax [cm] 3)
WA [cm?2] = himax [ 2 [em] X Wmax [ 2 [ecm] % 7T 4)
Where:
WArec - area of the wound approximated with a rectangle; hmw - maximum height of the

wound as measured in the field; wme - maximum width of the wound as measured in the field; WAai
- area of the wound approximated with an ellipse; 7t - constant, 7 =3.1315.
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For comparison purposes, based on the manually collected data, the areas of the wounds were
also estimated by approximation to a rectangle (WAr,, cm?) and an ellipse (WAai, cm?). The
estimations were based on Equations 3 and 4.

2.4. Statistical analysis

Statistical analysis aimed at i) describing the data characterizing the wound and sample tree
size and at ii) comparing the datasets to estimate the trends in differences. In a first step, descriptive
statistics were developed for the diameter at the breast height (DBH, cm), maximum height of the
wound (hmar, cm), maximum width of the wound (wmer, cm), maximum width of the wound
measured in AutoCAD (wau, cm), wound area approximated by a rectangle (WArec, cm?), wound
area approximated by an ellipse (WAeli, cm?), projected area of the wound as measured by
digitization in AutoCAD (PA, cm?) and the estimate of the real area of the wound (WAref, cm?). The
descriptive statistics were the minimum, maximum, mean and standard deviation values.

Comparison of data was done in biplots by taking as a reference the value of the estimate of
the real area (WAref, cm?). It was compared with the values of the wound area approximated by a
rectangle (WArec, cm?) and by an ellipse (WAeli, cm?), respectively. The biplots were developed so
as to show the identity (equality) line, and the technique of linear regression through origin was
used to identify trends in the magnitude of differences. To do so, the wound area approximated by
a rectangle (WArec, cm?) and by an ellipse (WAeli, cm?), respectively, were used as explained
variables, and the value of the estimate of the real area of the wound (WAref, cm?) was used as an
explanatory variable. Simplified Bland and Altman plots were developed to show the differences
between the reference and compared estimates. Two plots were developed; the first one was used
to show the differences between the real area of the wound (WAref, cm?) and the wound area
approximated by a rectangle (WArec, cm?) against their mean values, and the second one was used
to show the differences between the real area of the wound (WAref, cm?) and the wound area
approximated by an ellipse (WAeli, cm?) against their mean values. Then, the differences between
the real area of the wound (WAref, cm?) and the areas approximated by a rectangle (WArec, cm?) and
an ellipse (WAeli, cm?), respectively, were checked by the use of the common error metrics such as
the bias (BIAS), mean absolute error (MAE), and root mean squared error (RMSE). These were
applied to the sample with the main goal of characterizing the differences in the range of values
observed, as well as on categories of wound size, to show how the differences may be affected by
the wound size. In this last case, the categories of size taken into analysis were the following: < 100,
101-200, 201-300, 301-400 and > 400 cm?. All the analytical steps, as well as the development of plots
supporting the statistical analysis were done in Microsoft Excel ®.

3. RESULTS

3.1. Descriptive statistics of the wound size

The main descriptive statistics of the wound-related variables are presented in Table 2. DBH
of the sampled trees varied between 19 and 48 cm, averaging approximately 32 cm. The identified
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wounds had heights between 7 and 133 cm and widths between 4 and 32 cm. The average wound
had a height and a width of approximately 30 and 16 cm, respectively.

Table 2. Descriptive statistics of wound-related variables

Parameter Minimum  Maximum Mean Standard
value value value deviation

Diameter at the breast height (DBH, cm) 19 48 31.74 6.74
Maximum height of the wound (fmax, cm) 7 133 30.46 22.06
Maximum width of the wound (wmax, cm) 4 32 15.84 6.58
Maximum width of the wound measured in AutoCAD (wauto, cm) 3 30 14.86 6.10
Wound area approximated by a rectangle (WArec, cm?) 56 2322 541.57 531.19
Wound area approximated by an ellipse (WAeli, cm?) 44 1824 425.34 417.18
Projected area of the wound as measured by digitization in 41 1787 362.66 337.44
AutoCAD (PA, cm?)
Estimate of the real area of the wound (WAref, cm?) 55 1787 386.16 354.58

The width of the wound measured in AutoCAD was smaller though close in size with the real
one. It varied between 3 and 30 cm, averaging approximately 15 cm (Table 2). Based on the field
collected data on the height (hmx) and width (wma) of the wounds, as well as on the area estimated
by digitization in AutoCAD, there were important differences in the areas approximated by a
rectangle (WAr), an ellipse (WA«i) and the area calculated by digitization (WAry), respectively, as
shown in Table 2.

3.2. Differences in wound area estimates

There were important differences between the wound areas approximated by a rectangle
(WA, cm?) and the wound areas taken as a reference (WA, cm?), as shown in Figure 3a. As a fact,
approximating the wound areas by rectangles, largely overestimated the reference areas in a size
domain exceeding 100 cm? As the size of the wound increased, so did the overestimation by
approximating it to a rectangle, with differences that exceeded 500 cm? for large wounds (Figure 3a).
The model of the regression through origin, indicated an increase in overestimation of 1.4 times the
reference wound area. There were also differences between the wound areas approximated by an
ellipse (WA.i, cm?) and the wound areas taken as a reference (WA, cm?), as shown in Figure 3b, but
these were of a lower magnitude. As shown, there was a trend of over-estimating the area by
approximation to an ellipse, but the model of the regression through origin indicated a lower slope,
therefore a lower magnitude in overestimation as a function of the wound size. Up to wound sizes
of 400 cm?, the differences between the area approximated to an ellipse and the reference wound
area was in a range of +100 cm?, without a clear trend of over- or underestimation. Beyond this
threshold, there was a trend indicating an overestimation of the area.
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Figure 3. Agreement between the reference area of the wound (WAref) and the wound areas approximated
by a rectangle (WA, panel a) and an ellipse (WA.i, panel b). Legend: black diagonal line stands for the
identity (equality) line and the red dotted line stands for the regression through origin line.
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Similar findings may be seen in Figure 4, which shows the simplified Bland-Altman plots
mapping the differences against the mean values. Figure 4a, for instance shows the differences
between the reference wound areas and the wound areas approximated to a rectangle. As shown,
as the wound area increased, the differences between WA and WA:. became larger, indicating that
the size of the wound is a factor that affects the magnitude in estimations. In most cases, the
differences were negative, therefore approximating the wound areas by a rectangle increasingly
outputted higher values as opposed to the reference wound areas, indicating the trend of

overestimation.
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Figure 4. Simplified Bland and Altman plots of the differences between the reference wound area and the
area of wounds approximated by a rectangle (WAr., panel a) and an ellipse (WA.i, panel b).

The trend was not the same when approximating the wound areas to ellipses, as shown in
Figure 4b. Here, the magnitude of over- and underestimation increased by the wound size; however,
the general trend was not to overestimate, at least in the range of up to 400 cm?.

28



REVISTA PADURILOR 138(2) (2023) 019-036

Bustihan & Borz: Accuracy of commonly used methods in estimating the size of damage...

Tables 3 and 4 show the results of the main difference metrics for the area approximated to a
rectangle (Table 3) and to an ellipse (Table 4). When approximating the wound area to a rectangle,
there was a general overestimation by approximately 155 cm? (BIAS, Table 3). However, the
magnitude of overestimation increased as a function of the wound size. For those wounds having
an area of less than 100 cm?, the difference was of up to 25 cm? as opposed to the wounds having a
size of more than 400 cm?, where the overestimation accounted for more than 300 cm?2. Mean absolute
error (MAE, Table 3) and the root mean squared error (RMSE, Table 3) had similar trends,
consistently showing that the magnitude of overestimation depended on the wound size.

Table 3. Difference metrics on categories of sizes for the wound area approximated to a rectangle

Wound size BIAS MAE RMSE
<100 cm? -24.92 25.68 32.03
101 — 200 cm? -35.55 40.25 49.24
201 - 300 cm? -83.69 83.69 93.32
301 — 400 cm? -98.47 100.25 113.57
> 400 cm? -381.36 381.36 439.84
Overall -155.41 157.11 249.26

Table 4. Difference metrics on categories of sizes for the wound area approximated to an ellipse

Wound size BIAS MAE RMSE
<100 cm? -16.21 26.28 39.28
101 — 200 cm? 7.09 23.49 30.71
201 - 300 cm? 7.64 29.42 37.88
301 — 400 cm? -18.30 67.62 97.47
> 400 cm? -128.66 160.14 189.98
Overall -39.17 57.23 105.26

When approximating the wound size by an ellipse, the difference metrics indicated a lower
magnitude in overestimation (Table 4). Overall, there was an overestimation of up to 40 cm? (BIAS,
Table 4), but on size categories, there were some cases showing a slight underestimation (101 to 300
cm?). Mean absolute error (MAE, Table 4) and the root mean squared error (RMSE, Table 4) had
similar trends, showing small differences in estimates for wound sizes of up to 300 cm?.

By comparing the difference metrics of the two methods of approximating the wound areas,
one can see that an approximation by an ellipse consistently returned results that were closer to
ground truth as opposed to the approximation by rectangles. By various difference metrics,
approximating the wound areas by ellipses returned differences which were 2 to 4 times less as
opposed to approximating the wound areas by rectangles (Tables 3 and 4). Also, in the range of
wound sizes of up to 300 cm?, there was no evident trend in increasing or decreasing the magnitude
of differences when approximating the wound areas by ellipses, which was different in the case of
approximating them by rectangles; in this last case the differences had an increasing trend.
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4. DISCUSSION

4.1. Methods used to estimate the wound area

Based on the research done so far on the topic, there is no method able to give an exact
resemblance of the wound size. Collecting data in the form of maximum height and width of the
wound is easy and intuitive in the field since one can readily spot such dimensions on the trees.
However, there are instances in which this could be time consuming, particularly when the wounds
have a complex shape featuring several candidates for height and width, which was the case of this
study when collecting the field data, and which could have some effects on the estimates. On the
other hand, taking digital pictures with the aim of digitizing the edge of the wounds holds the
advantage of a more accurate tracking of the wound shape. Since the pictures were taken
perpendicularly on the wounds, the wound sizes estimated from them could stand for a more
accurate representation of the ground truth. However, this procedure has some limitations, namely
the need to scale the pictures, and the high amount of time spent to digitize the edges so as to extract
their size. The pictures were scaled in this study based on the height of the wounds therefore, a
transformation was required over the area obtained from digitization so as to account for the
roundness of the tree on the wound’s width. In addition, area estimates of the wounds showing a
large height could have been affected by the fact that no corrections were added to account for the
deviance from a straight line. To get more accurate estimates, there are several technologies on the
market that could support either the effort of collecting the height and width, or the whole process
of mapping the size of the wounds. Previous studies have demonstrated that LiDAR technology
integrated in low-cost devices may prove accurate in estimating wood biometrics when using
freeware software for measuring the length and diameter of the logs [16]. To some extent, this
technology could be adapted to get reliable estimates on the width and height of the wounds.
Computer vision and deep learning algorithms have progressed at an increased pace so as today
they are able to perform object- and instance-based segmentation of the pictures [17] which could
stand for another way of getting more reliable data. However, this approach to the problem would
require testing for scalability. Most probably, a combination between LiDAR and other computer
vision algorithms would be a good approach to automatically detecting and measuring the size of
the wounds. Last but not least, LIDAR technology is currently able to provide centimeter accuracy
in forests. Several platforms were tested with the aim of finding effective solutions to wood
measurement [18-21], many of which could be adapted to support the evaluation of the extent and
severity of mechanical damage. The device used in this study to collect the pictures is equipped with
a close-range LiDAR sensor and some attempts were taken to scan the wounds. Some examples of
wound scans are shown in the Appendix section, indicating the potential of using this technology
for measuring the mechanical damage to the trees.

4.2. Agreement of the methods and limitations

Estimating the extent and severity of mechanical damage to the residual trees has been carried
out by manual methods which involve the collection of dimensional data serving to the
quantification of the wound size. Most commonly, the size of a wound is approximated to a rectangle
based on its height and width that are measured on the tree. This procedure may work very well
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when the shape of the wound resembles a square or a rectangle. However, when there is a significant
deviation from these geometrical shapes the accuracy of the method drops significantly, as shown
by this study. As a fact, approximating the shape of the wound to a rectangle tends to overestimate
the size of the wounds, which may have implications at least for practice. Compared to the reference
areas which were estimated by digitization, the approximation of wound sizes to a rectangle was
characterized by a proportional bias, showing that as the size of the wound increases, the difference
between the reference area and the area approximated by a rectangle increases also. By the results
of the regression through origin, the magnitude in overestimation may be of a factor of 1.4.

Approximating the area of the wounds by an ellipse has returned results that agreed more
with the reference data. Particularly in the range of sizes of up to 400 cm?, the differences were in
the range of +100 cm?. For larger sizes, however, the differences started to increase, which could be
the effect of the wounds’ shape. Overall, the approximation of the wound shape by an ellipse worked
better compared to the approximation by a rectangle. Some examples of wound shapes and their
areas estimated by digitization and by approximation to a rectangle and to an ellipse are given in
the Appendix section.

4.3. Limitations of the study

For better predictions on how the method of wound shape approximation would work, a
sample of consistent size would be required to reflect both the variability in size and in the shape of
the wounds. One limitation of this study is that it is based on a limited amount of information.
However, some variability in the size and shape of the wounds was present in the sample used to
compare the outcomes in estimates. Although the best effort has been given in the field to detect and
measure the maximum height and width of each wound, in some cases these may be missed or in
the office part they could run on slightly different directions in the pictures. Future work attempting
to quantify the wound size by the methods described herein should consider placing marks on the
points between which the measurements are taken. This step was omitted in this study because the
collected pictures were also intended for checking the capabilities of some computer vision
algorithms in detecting the wounds in pictures and quantifying their size.

5. CONCLUSIONS

Based on the results of this study, the following may be concluded:

1) There are important differences in estimates produced by the method used to approximate
the area of a wound, even though the values used to compute the areas were the same.
Although not specifically compared in this study, by its geometrical properties, the
approximation by an ellipse will always return lower values in wound size as compared
to an approximation by a rectangle;

2) Approximating the shape of a wound by an ellipse provides more accurate results on the
size of the wounds as opposed to approximating their size by rectangles. This was shown
by the difference metrics used, consistently indicating that the wound size estimates by

31



REVISTA PADURILOR 138(2) (2023) 019-036

Bustihan & Borz: Accuracy of commonly used methods in estimating the size of damage...

approximation to an ellipse were closer to the reference data. Therefore, based on the
results of this study, the manually collected data could be used to provide estimates in
wound size by giving priority to the shape approximation to an ellipse;

3) Approximating the shape of the wounds by a rectangle would produce proportional
deviations from the ground truth, as proved by the results of this study, which will have a
magnitude proportional to the size of the wounds.
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APPENDIX

APPENDIX A - Examples of scans run by the close-range LiDAR sensor of the
iPhone 13 Pro Max platform used to collect pictures
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APPENDIX B - Examples of wounds and their areas obtained by digitization and
by approximation to a rectangle and an ellipse

WArec =105 cm?
WAeli = 82 cm?

WArec =1161 cm?
WAeli =912 cm?
WAref =693 cm? ‘

WArec =759 cm?
WAeli =596 cm?
WAref = 543 cm?

WArec =300 cm?
WAeli =236 cm?
WAref =308 cm?

By

WArec =195 cm?
WAeli =153 cm?
WAref =163 cm?

o

WArec =280 cm?

WAeli =220 cm?

WArec =875 cm?
WAeli = 687 cm?
WAref = 493cm?
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EXTENDED ABSTRACT - REZUMAT EXTINS

Titlu in romdnd: Acuratetea metodelor traditionale folosite pentru estimarea mdrimii prejudiciilor aduse
arborilor

Introducere: Introducerea lemnului in circuitul economic necesitd implementarea mai multor operatii, multe
dintre acestea fiind realizate in pdadure si avand un anumit impact asupra arboretelor. Prejudiciile aduse arborilor pe
picior pot sd influenteze negativ calitatea si valoarea arboretelor, motiv pentru care unul dintre obiectivele principale ale
planificdrii si organizarii exploatdrii lemnului ar trebui si fie acela de a limita amploarea acestora. Existd mai multe
metode si sisteme care se folosesc pentru a cuantifica nivelul prejudiciilor aduse arborilor remanenti. Multe dintre acestea
folosesc mdrimea ranilor pentru a clasifica amploarea prejudiciilor prin asimilarea formei acestora cu forme geometrice
cunoscute. Din picate, forma ranilor este de multe ori mult mai complexd decdt cea a formelor geometrice folosite, ceea ce
poate si cauzeze erori importante in estimare. Desi existd multe studii cu privire la marimea prejudiciilor si factorii care
le cauzeazd, nu s-au identificat studii care sd evalueze modul in care aproximarea formei ranilor poate si influenteze
acuratetea rezultatelor.

Materiale si metode: Acest studiu are al bazd un esantion de 70 de arbori pe care s-au identificat rini cauzate
de colectarea lemnului cu tractoare. Pentru toti arborii s-au cules date de teren cu privire la indltimea si ldtimea maximad
a fiecdrei vini, precum si alte date cum ar fi diametrul la Tnaltimea pieptului si diametrul la mijlocul fiecdrei rini
identificate. Apoi s-au preluat fotografii de la distanta de un metru, perpendicular pe suprafata ranilor. In etapa de birou,
datele colectate manual s-au utilizat pentru a estima marimea ranilor prin asimilarea formei acestora cu dreptunghiuri
si cu elipse. Fotografiile au fost prelucrate in AutoCAD Map 3D prin aducerea la scard reald, digitizarea conturului
ranilor si estimarea ariei acestora. Setul de date obtinut prin prelucrare digitald a servit drept referintd pentru compararea
cu datele provenite din mdsurdtorile manuale. Pentru comparare s-au elaborat grafice si modele de regresie liniard fird
termen liber, precum si grafice simplificate Bland-Altman. In plus s-au calculat diferentele medii, eroarea medie absolutd
si eroarea medie pitraticd.

Rezultate si discutii: Luind ca referintd setul de date obtinut prin prelucrare digitald, aproximarea suprafetelor
ranilor cu dreptunghiuri a supraestimat aria reald si a fost caracterizat de proportionalitate in mdrimea supraestimdrilor
astfel cd, in mdsura in care mdrimea ranilor a crescut, a crescut si mdrimea supraestimdrii. Aproximarea suprafetelor
ranilor cu elipse a furnizat rezultate mai apropiate de cele reale, mai ales pind la marimi de la 400 cm?. Ambele metode
de aproximare a suprafetei vanilor au fost caracterizate de o acuratete mai ridicatd la rinile cu suprafete mici. Diferentele
medii dintre ariile luate ca date de referintd si cele estimate prin aproximarea cu dreptunghiuri si cu elipse au fost de —
155 si, respectiv, =39 cm?. Diferentele medii dintre ariile luate ca date de referinti si cele estimate prin aproximarea cu
dreptunghiuri au ardtat un trend crescitor pand la 400 cm? iar diferentele medii dintre ariile luate ca date de referintd si
cele estimate prin aproximarea cu elipse nu au fost caracterizate de un trend dat pand la 400 cm?. Unul dintre principalele
neajunsuri ale metodei folosite pentru a genera datele de referintd este cea legatd de consumul de timp ridicat pentru
aducerea la scard si digitizarea contururilor ranilor pe fotografii. Din acest punct de vedere, algoritmi inteligenti de ultimd
generatie precum si tehnologii avansate cum este cea LiDAR si viziunea computerizati pot sd aibd un potential ridicat in
estimarea amplorii si marimii prejudiciilor aduse arborilor. De asemenea, dacd se opteazd pentru aplicarea metodei digitale
descrisd in acest studiu, este necesard marcarea punctelor intre care se realizeazd mdsurdtorile manual, ceea ce poate si
asigure o prelucrare mai usoard a fotografiilor.

Concluzii: Raportat la datele de referintd folosite in acest studiu, aproximarea ariilor ranilor cu dreptunghiuri si
elipse genereazi erori in estimdrile care se fac. Pe baza datelor mdsurate in teren, aproximarea ariei ranilor cu elipse va
genera rezultate mai apropiate de realitate in comparatie cu aproximarea cu dreptunghiuri, ultima modalitate de
aproximare generdnd si diferente a ciror mdrime este proportionald cu mdrimea ranilor.

Cuvinte cheie: exploatarea lemnului, prejudicii, marime, estimare, acuratete.
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Flora Republicii Moldova
Aria protejati ,,Dobrusa”
Epipactis leptochila
Orchidaceae

Specie noud

Studiile privind rdspdndirea si conditiile ecologice ale cenozelor de
plante rare sunt necesare in dezvoltarea principiilor pentru protejarea
acestora. Actualmente este cunoscut arealul pentru majoritatea speciilor
rare din flora Europei de Est. Totodatd, pentru multe dintre acestea sunt
necesare studii aprofundate privind corologia, atdt la nivel regional, cit
si local. In aceastd lucrare este raportatd si descrisi o specie noud,
nerelatatd anterior pentru flora vasculard a Republicii Moldova, si
anume Epipactis leptochila (Godfery) Godfery. In cadrul rezervatiei
peisagistice ,Dobrusa” este rdaspdnditi la altitudini de 240-280 m, in
arborete de amestec in care predomind stejarul pedunculat, frasinul si
carpenul. Cercetdrile au vizat evidentierea caracterelor morfologice
distinctive si particularititile corologice, habitatul, ecologia, perioada de
inflorire si efectivul populatiilor de E. leptochila. Datoritd distributiei
limitate, se sugereazd necesitatea includerii speciei E. leptochila in cea
de-a IV-a editie a Cdrtii Rosii a Republicii Moldova atribuindu-i-se
categoria de raritate - Critic periclitatd (CR).
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1. INTRODUCERE

Genul Epipactis Zinn (Dumbrdvitd) este unul dintre cele mai reprezentative, diverse si
taxonomic dificile genuri ale familiei Orchidaceae Juss., ce cuprinde intre 60 si 80 de specii
raspandite in zonele cu clima temperata si subtropicald a Europei, Asiei, Americii de Nord si Africii
[1, 2]. Complexitatea acestui gen poate fi rezultatul schimbarilor in sistemul de reproducere prin
tranzitia de la alogamie la autogamie [3,4]. In lucrarea stiintifica , Flora Europaea” pentru teritoriul
Europei sunt raportate noud specii [5], insa bazele de date online ce furnizeaza date mai recente
atestd pentru aceastd regiune 48 de specii [6]. In flora spontand a Republicii Moldova au fost
identificate patru specii de Dumbravita [7-9], dintre care doud sunt incluse in Cartea Rosie a
Republicii Moldova (editia a 3-a): Epipactis palustris (L.) Crantz si E. purpurata Sm. [10, 11]. In
rezervatia peisagistica ,Dobrusa” au fost evidentiate doud specii: E. purpurata Sm. si E. helleborine
(L.) Crantz [12, 13]. Genul Epipactis cuprinde plante erbacee perene, geofite, rizomifere, cu lastari
erecti si inflorescente racemoase terminale [5,7]. Toate speciile de Epipactis sunt plante cu potential
ornamental [14, 15], insd in conditii de culturd s-au dovedit a fi destul de capricioase. Cultivate ex
situ (translocate din fitocenoze naturale), dumbravitele nu infloresc in mod regulat, formeaza lastari
slabi, are loc inhibarea treptata si apoi moartea plantelor. Sunt sensibile la transplantare, reusita fiind
de 20-25% [16].

In aceastd lucrare este raportatd si descrisi o specie noua de Epipactis, nerelatats anterior
pentru teritoriul Republicii Moldova, si anume Epipactis leptochila (Godfery) Godfery. Cercetdrile
noastre au avut drept scop evidentierea caracterelor morfologice distinctive si particularitatile
corologice ale speciei E. leptochila.

2. MATERIALE SI METODE

Acest studiu este bazat pe cercetarile floristice de teren efectuate In decursul sezoanelor de
vegetatie 2018-2022 in cadrul rezervatiei peisagistice ,,Dobrusa”, amplasata in raionul Solddnesti,
intre satele Oliscani, Chipesca, Dobrusa si raul Ciorna. Aceasta are suprafata de 2634 ha si este
gestionatd de Ocolul Silvic Oliscani din cadrul Intreprinderii pentru Silvicultura Soldanesti [17].

Ca rezultat al cercetarilor floristice, realizate In conformitate cu metodologia scolii
fitocenologice Europene [18], a fost identificata o specie noua de Epipactis atat pentru arealul
rezervatiei ,Dobrusa” cat si pentru intreg teritoriul Republicii Moldova. Specimenul colectat de E.
leptochila a fost erborizat si depus in Herbarul Gradinii Botanice Nationale ,, Al. Ciubotaru” (Figura
1). Specia a fost determinatd dupa metoda clasicd comparativ-morfologica [19-21], utilizand
literatura floristica regionald [5, 22, 23]. Nomenclatura binara a speciei este In conformitate cu
nomenclatura internationald, actuala, precum: The World Flora Online, FloraVeg.EU, si IPNI [6,24,25],
iar denumirea in limba romana a fost atribuitd corespunzator Determinatorului de plante din Flora
Republicii Moldova [8]. Evaluarea speciei si atribuirea categoriei de periclitare pentru Republica
Moldova s-a realizat In conformitate cu criteriile adoptate de Uniunea Internationala pentru
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Conservarea Naturii [26]. Distributia generala a speciei este prezentata in conformitate cu baza de
date Plants of the World online si IUCN Red List [27, 28].

Figura 1. Epipactis leptochila (Godfery) Godfery: a — exemplar in situ; b — exsicat

Pentru caracterizarea ambiantei eco-cenotice In care vegeteaza populatiile de Dumbravita
leptohila, au fost efectuate descrieri floristice. Descrierea arboretelor s-a facut conform metodelor
utilizate In cercetarea ecosistemelor forestiere, prin inregistrarea pe teren a principalelor
caracteristici structurale (compozitia, consistenta, varsta) [29], dar si a datelor din evidenta
descrierilor parcelare pentru Ocolul Silvic Oliscani [30]. Coordonatele punctelor de crestere,
altitudinea si expozitia au fost stabilite utilizand dispozitivul GPS (model GPSMAP® 64s marca
GARMIN). Harta privind raspandirea speciei E. leptochila pe teritoriul Republicii Moldova a fost
elaborata utilizand aplicatia gratuita cu sursa deschisa QGIS (GIS - Sistem de Informatii Geografice).
Pentru o confirmare mai ampld, rezultatele cercetarilor realizate au fost insotite de fotografii.
Fotografiile au fost realizate cu aparatul de fotografiat Nikon 5200.

3. REZULTATE SI DISCUTII

Etimologia numelui , leptochila” este aglutinarea a doua cuvinte grecesti: ,Aent0” - subtire si
,XelAoc” - buza. In cazul speciei E. leptochila, forma buzei inferioare, numita si labium, reprezinta
unul din caracterele distinctive de determinare. In aceasta ordine de idei, propunem nomenclatura
speciei in limba romand ,, Dumbravita leptohild”, prin calchierea denumirii latine.

Epipactis leptochila (Godfery) Godfery, 1921, Jour. Bot. 59: 146; Moore, 1980, Fl. Europ. 5: 327;
Ciocarlan, 2009, FL. ilustr. a Romaniei: 948; Sarbu, Stefan si Oprea, 2013, Pl. vasc. din Romania: 1020.
- Dumbravita leptohild. Plante perene, inalte de 20-70 cm, rizomifere. Tulpini erecte, cilindrice, usor
sinuoase, verde pal, glabre in partea inferioara si acoperita cu peri scurti, albiciosi. Frunze 3-6(10),
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de 5-11 cm lungime si 2,5-5 cm ldtime, mai lungi decat internodurile, verzi, lucioase, cu textura
matdsoasd, fin nervurate, dispuse altern, distih pe tulpind. Inflorescente racemoase, laxe, cu (5)8-40
de flori, de 7-30 cm lungime. Bractee liniar-lanceolate, de pana la 9 cm lungime. Flori cleistogame,
de culoare verde-galbui pana la roz-pal. Pediceli verde deschis, cu o nuanta de roz-pal la baza.
Hipochilele labelelor in forma de cupd, partea exterioara verde-roz, in interior maroniu-lucioase.
Epichile ovat-acuminate, atenuate spre varf, mai lungi decat late, de culoare verde-albicios, verde-
roz sau verde-gdlbui. Antere pedicelate. Rostel slab dezvoltat sau absent in anteza si lipsa
viscidiumului. Perioada de inflorire cuprinde lunile iunie-august. 2n=36,40.

E. leptochila este o specie endemica pentru continentul European, raspandita din vest pana in
Caucazul de Nord (Figura 2). In prezent este cunoscuta raspandirea acestei specii in urmatoarele
tdri: Marea Britanie, Franta, Spania, Tdrile de Jos, Belgia, Luxemburg, Elvetia, Italia, Danemarca,
Germania, Austria, Slovenia, Cehia, Slovacia, Ungaria, Croatia, Bosnia si Hertegovina, Muntenegru,
Serbia, Macedonia de Nord, Grecia, Ucraina, Romania, Georgia si Rusia [26, 27, 31-40].

Figura 2. Arealul speciei Epipactis leptochila (Godfery) Godfery

Conform datelor din literaturd, E. leptochila este o specie care se dezvolta pe soluri calcaroase,
prefera locurile umbrite si umede, formeaza populatii mici in fitocenozele forestiere preponderent
de fag (Fagus sylvatica L.), la altitudini de 700 pana la 1600 m, se intalneste si la altitudini mai mici
(155-300 m) in paduri de stejar pedunculat (Quercus robur L.) cu carpen (Carpinus betulus L.) si tei
pucios (Tilia cordata Mill.) [33, 37, 39, 41]. Unii autori au mentionat ca poate fi intalnita in paduri de
frasin (Fraxinus excelsior L.) In amestec cu alun, In mestecanisuri sau chiar si pe dunele de nisipuri
(in nord-vestul Angliei) pe tarmul marii sub coronamentul padurilor de rdsinoase [31].
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In rezervatia ,Dobrusa” au fost identificate doud populatii, in subparcelele 41A
(47°48'25.16"N; 28°3928.40"E) si 50E (47°47'55.50"N; 28°39'23.48"E); cu ajutorul GPS-ului au fost
localizate coordonatele si amplasate pe harta rezervatiei (Figura 3).
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Figura 3. Raspandirea speciei Epipactis leptochila (Godfery) Godfery in rezervatia peisagistica ,Dobrusa”

Pentru evidentierea ambiantei eco-cenotice in care vegeteaza populatiile de Dumbravita
leptohild, in limitele teritoriului cercetat, a fost efectuata descrierea habitatelor. Populatia cu
numarul 1 din subparcela 41A (Figura 3), este reprezentatd de un numar de 5 exemplare ce vegeteaza
pe sol cenusiu deschis, versant inferior, ondulat, cu expozitie nord-esticd, altitudine 240 m, partial
derivat de productivitate inferioara, relativ-plurien, cu consistenta normald (K=0,7), varsta medie
100 de ani. Stratul arborilor este bietajat, etajul superior este constituit preponderent din stejar
pedunculat (Quercus robur L.) in amestec cu gorun (Quercus petraea (Matt.) Liebl.) si frasin (Fraxinus
excelsior L.). Etajul inferior este alcatuit din carpen (Carpinus betulus L.), jugastru (Acer campestre L.),
cires (Prunus avium (L.) L.) si ulm (Ulmus glabra Huds.). Stratul arbustilor este reprezentat de
exemplare solitare de corn (Cornus mas L.), paducel (Crataegus monogyna Jacq.), darmoz (Viburnum
lantana L.) si salbd raioasa (Euonymus verrucosus Scop.). Stratul erbaceu acopera 30-40% din suprafata
solului si include: Arum orientale M. Bieb., Asarum europaeum L., Campanula trachelium L., Carex
brevicollis DC., Carex pilosa Scop., Corydalis cava (L.) Schweigg. & Korte, Dactylis glomerata L., Epipactis
purpurata Sm., Euphorbia amygdaloides L., Geum urbanum L., Glechoma hirsuta Waldst. & Kit.,
Platanthera bifolia (L.) Rich., Polygonatum multiflorum (L.) All.,, Pulmonaria obscura Dumort., Scilla
bifolia L., Stellaria holostea L., Viola reichenbachiana Jord. ex Boreau.
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Figura 4. Habitatul speciei Epipactis leptochila (Godfery) Godfery in rezervatia peisagistica ,,Dobrusa”,
subparcela 50E

Populatia cu numarul 2 din subparcela 50E (Figura 3 si 4), este reprezentata de un numar de 3
exemplare, vegeteaza pe sol cenusiu Inchis, versant mijlociu, ondulat, cu expozitie nord-estica,
altitudine 278 m, arboret total derivat de productivitate mijlocie, relativ-echien, cu consistentd
normala (K=0,7), varsta medie de 90 de ani. Stratul arborilor este bietajat, etajul superior este
constituit preponderent din frasin (Fraxinus excelsior L.) in amestec cu gorun (Quercus petraea (Matt.)
Liebl.) si tei (Tilia platyphyllos Scop.). Etajul inferior este alcdtuit din carpen (Carpinus betulus L.) si
jugastru (Acer campestre L.). Stratul arbustilor este reprezentat de exemplare solitare de clocotis
(Staphylea pinnata L.), paducel (Crataequs monogyna Jacq.), darmoz (Viburnum lantana L.) si salba
raioasa (Euonymus verrucosus Scop.). Stratul erbaceu acopera 40-50% din suprafata solului si include:
Arum orientale M. Bieb., Asarum europaeum L., Campanula trachelium L., Carex brevicollis DC., Carex
sylvatica Huds., Corydalis cava (L.) Schweigg. & Korte, Corydalis solida (L.) Clairv., Dactylis glomerata
L., Geum urbanum L., Pulmonaria officinalis L. si Stellaria holostea L.

Afinitate. Dintre speciile de Epipactis din flora Republicii Moldova, E. leptochila este cea mai
apropiata ca aspect de E. helleborine (L.) Crantz, insa difera in mod clar prin caracterele distinctive
prezentate in Tabelul 1 si Figura Al.
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Tabelul 1. Caractere morfologice distinctive intre Epipactis leptochila (Godfery) Godfery si Epipactis
helleborine (L.) Crantz

Caracter Specie
morfologic E. leptochila E. helleborine
Frunze, textura  matasoasa aspra
Frunze, nervuri  fin-nervurate proeminent-nervurate

spiralat, se diferentiaza doua ortostihuri

Filotaxie spiralat, nu se diferentiaza ortostihuri

(distih)
o . ovat-acuminata (in forma de varf de cordat pana la lat-ovat (in forma de
Epihil, formad . . s
sdgeatd) inima)
Epihil, lungime  mai lung decat lat mai scurt decat lat
Epihil, varful plat recurbat
Rostel slab dezvoltat sau absent In anteza prezent
Viscidium absent prezent

Sozologie. La nivel global, E. leptochila este o specie, in general, rard cu populatii in scadere.
In Franta si Germania aceastd specie pare si nu fie amenintats, prin urmare riscul de disparitie la
nivel european si global pentru E. leptochila este relativ scdzut. Aceasta a fost evaluata in anul 2011
si inclusa in Lista rosie IUCN [34] si in Lista rosie a plantelor vasculare din Europa [42], la categoria
speciilor cu risc scdzut de amenintare (LC). E. leptochila se regaseste in Anexa II a Conventiei privind
Comertul International cu Specii Periclitate de Fauna si Flora Salbatica [43]. Regional, aceasta specie
se regdseste in listele rosii ale mai multor tari, precum: critic periclitat (CR) in Republica Ceha [44];
vulnerabild (VU) in Bulgaria [45] si Slovacia [46]; moderat amenintatd (NT) in Ungaria [47] si Elvetia
[48]. In flora Republicii Moldova, tinand cont ca s-a identificat doar un loc de crestere, necesita a fi
evaluata drept critic periclitatd (CR), In conformitate cu categoriile de risc IUCN [26].

5. CONCLUZII

Ca rezultat al cercetdrilor floristice in rezervatia peisagistica ,,Dobrusa” a fost identificata
Epipactis leptochila (Godfery) Godfery, ce reprezinta prima Inregistrare a acestei specii pe teritoriul
Republicii Moldova. Denumirea stiintifica atribuitd in limba romana este de Dumbravita leptohila.
Caractere morfologice distinctive intre E. leptochila si E. helleborine, cea mai apropiatd specie ca aspect,
sunt clar definite prin utilizarea materialului proaspat, ceea ce faciliteaza determinarea acestora.
Conform categoriilor de risc IUCN se recomanda ca E. leptochila sa fie inclusa in Cartea Rosie a
Republicii Moldova, editia a IV-a, atribuindu-i-se categoria de raritate - critic periclitata (CR). Pentru
protejarea speciei E. leptochila se propun urmatoarele masuri de conservare: monitorizarea si
cercetarea in dinamica a populatiilor identificate, includerea in lista speciilor rare protejate prin
Legea privind fondul ariilor naturale protejate de stat, protejarea populatiilor prin excluderea de la
lucrarile silvotehnice, planificate In Amenajamentul Ocolului Silvic Oliscani, a arboratelor in care
sunt raspandite acestea.

FINANTARE

Cercetdrile au fost sustinute financiar In cadrul proiectelor: 20.80009.7007.14 - Cercetari privind
mobilizarea diversitdtii vegetale cu potential ornamental pentru conservarea ex situ.; 20.80009.7007.22 -
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ANEXE

d
Figura Al. Distingerea morfologica intre Epipactis leptochila (Godfery) Godfery (a-d) si E. helleborine (L.)

Crantz (e-h)
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REZUMAT EXTINS - EXTENDED ABSTRACT

Title in English: Epipactis leptochila (Godfery) Godfery (Orchidaceae) - a new species in the flora of Republic of
Moldova

Introduction: The genus Epipactis Zinn is one of the most complicated genera of the family Orchidaceae, which
includes 60-80 species, widespread in the temperate and subtropical climate zones of Europe, Asia, North America and
Africa. There are attested 48 species of Epipactis on the territory of Europe. Four species were identified in the flora of the
Republic of Moldova; two of them are included in the Red Book of the Republic of Moldova (3" edition): Epipactis palustris
(L.) Crantz and E. purpurata Sm. In the "Dobrusa” protected area, two species were previously identified: E. purpurata
Sm. and E. helleborine (L.) Crantz. As a result of our research, we present in this article the Epipactis leptochila (Godfery)
Godfery (Orchidaceae) recorded as a new species in the vascular flora of Republic of Moldova. Our research aimed to
highlight the distinctive morphological characters and chorological particularities of the E. leptochila species.

Materials and Methods: This study is based on floristic field research carried out during the 2018-2019
vegetation seasons within the "Dobrusa” landscape reserve, managed by the Forest District Oliscani within the
Soldanesti Forestry Enterprise. As a result of floristic research, carried out following the methodology of the European
phytocenological school, a new species of Epipactis was identified for the area of the "Dobruga” reserve and for the entire
territory of the Republic of Moldova. The species was determined according to the classical comparative-morphological
method, using the regional floristic literature. The binary nomenclature of the species is in accordance with current
international nomenclature such as: The World Flora Online, FloraVeg.EU and IPNI. The species evaluation and the
assignment of the endangered category of the Republic of Moldova, was carried out in accordance with the criteria adopted
by the IUCN. The general distribution of the species is shown according to the Plants of the World online database and
the IUCN Red List. For the characterization of the eco-cenotic environment in which the E. leptochila populations grow,
floristic descriptions were carried out. The map regarding the distribution of the species E. leptochila on the territory of
the Republic of Moldova was developed using the free open-source application QGIS.

Results and Discussions: E. leptochila is an endemic species of the European spread from the West of the
continent to the North Caucasus. Globally, E. leptochila is a generally rare species with declining populations. In France
and Germany this species appears not to be threatened, therefore the risk of a European and global extinction of E.
leptochila is relatively low. In 2011 it was assessed and included in the IUCN Red List and in the European Red List of
Vascular Plants, as Least Concern (LC) category. E. leptochila is listed in Appendix II of CITES. Regionally, this species
is found in the red lists of several countries, such as: Critically Endangered (CR) in the Czech Republic; vulnerable (VU)
in Bulgaria, Slovakia and Denmark; Near Threatened (NT) in Hungary and Switzerland. Two populations were
identified in the "Dobrusa” reserve, in subplots 41A (47°48'25.16"N; 28°39°28.40"E) and 50E (47°47°55.50"N;
28°39'23.48"E); with the help of GPS the populations were located and placed on the reservation map. Taxa was found
in "Dobrusa” protected area at 240-280 m altitude, where it inhabits mixed forests in which predominate the oak,
hornbeam and ash tree. The diagnostic of morphology characters, distribution, habitat, ecology, flowering period and
population size of the newly-recorded species are given. According to IUCN categories and criteria applied in Republic
of Moldova, E. leptochila is assessed as Critically Endangered (CR).

Conclusions: As a result of floristic research in the "Dobrusa” landscape reserve, Epipactis leptochila (Godfery)
Godfery was identified, which represents the first record of this species on the territory of the Republic of Moldova. The
assigned scientific name in Romanian is “Dumbrdvitd leptochild”. The distinctive morphological characters between E.
leptochila and E. helleborine, the closest species in appearance, are clearly defined by the use of fresh material, which
facilitates their determination. According to the IUCN risk categories, it is recommended that E. leptochila to be included
in the Red Book of the Republic of Moldova, 4" edition, assigning it the category - Critically Endangered (CR). To protect
the E. leptochila species, the following conservation measures are proposed: monitoring and research on the dynamics of
the identified populations; inclusion in the list of rare species protected by the law in Republic of Moldova; protecting the
populations by exempting the stands from timber extraction, which is planned in the management plan of Oliscani forest
district.

Keywords: Epipactis leptochila, Orchidaceae, Republic of Moldova, new species, landscape reserve “Dobrusa”
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