NGHIEN CUU KHA NANG CHAN SONG CUA CAC THi NGHIEM
TRONG RUNG NGAP MAN TAI MOT SO TINH VEN BIEN MIEN BAC
Doan Dinh Tam
Trung tdm Nghién ciru Sinh thai va Méi truong rung

TOM TAT

Sau 3-4 nam trong, céc thi nghiém trong rung ngap man (RNM) trén mot s6 dang lap dia
tai Thai Binh va Thanh Hoa, cy trong sinh trudng tot nhat 13 cac cong thire CT1-3; CT2-2; CT3-
2. Hiéu qua chin séng cua cac cong thirc thi nghiém da thé hién rd rét, cac cong thire cho sinh
truong tot nhét cling cho hiéu qua can song tt nhat, trén thi nghiém ngap triéu sau (Thai Binh),
cong thirc ¢6 hé s6 can song t6t nhat 1a CT1-3 véi 83,69%, thap nhat tai CT1-2 vé6i 76,18%. Tai
thi nghi¢m trong trén dét cat dinh séng to gié 16n dia hinh trong trai (Thanh Hoa) thi khi trong
Ban chua thuan loai, mat 6 3200 cay/ha cé tac dung can song t6t hon so véi trong hon giao voi
DPudc (87,51% so v6i 84,49%). Cong thirc ¢ hé s6 can song tot nhat tai thi nghiém trong trén dat
cat dinh (Thai Binh) 12 CT2-2 vdi 89,60% va thp nhat 1a CT2-1 (85,63%). Khi khong c6 RNM
thi chiéu cao song chi giam duoc 28,3%. Cac chi tiéu sinh truong v€ Hyn, Doo va Dy ¢6 quan hé
thuan chiéu voi kha ning chin song, cdy cang cao, duong kinh gbc va duong kinh tan cang 16n
thi kha nang lam giam bién d9 song cang cao. Trong d, sinh truéng duong kinh tan c6 kha nang
lam giam bién d¢ song lon nhat, tiép dén 1a chiéu cao vit ngon va thap nhét sinh trudng duong
kinh goc.
Twr khoa: Rung ngdp man, Lap dia, H¢ s6 can song

MO PAU

Rung ngép mén (RNM) c6 vai tro rat 1on trong viéc ¢6 dinh va 6n dinh bai boi, dic biét
1a tac dung chan song bao vé bo bién va cong dong dan cu ven bién. C6 duoc nhur vay 1a vi cac
cdy ngap min moc dan xen lan nhau, ré ciy phat trién ca trén va dudi mat dat cong véi than va
tan 14 cdy cung két hop dé phan tan stiic manh cua song, gio. Nhan thirc duoc vai tro do, tur dau
thé ky XX, & cic ving ven bién phia Bic di trong mot so loai cdy ngdp min nhu Trang
(Kandelia obovata) va Ban chua (Sonneratia caseolaris) dé chan song bao vé dé bién va ving
cura song. Khi cay ngap man phat trién t6t s& tao thanh nhiing hang rao xanh bao v€ cac vung ven
bién. Trong vai nam gan day, viéc nghién ctru vé kha nang chin song ciia mot s6 kiéu RNM da
dugc mot sb tac gia dé cap dén nhu Phan Nguyén Hong, Vi Doan Thai, Mazda, Vuong Vin
Quynh, Nguyén Vin Ngoan,.. Dé tai “Nghién ctru ky thuat trong RNM trén cac diéu kién lap dia
kho khin gop phan chin song vung ven bién céc tinh mién Bic Viét Nam” da xdy dung cac cong
thirc thi nghiém trén mdt s6 dang lap dia kho khan. Ngoai muc tiéu lam sao dé cay ngap man c6
thé t6n tai va phat trién trén cac dang 1ap dia nay thi de tai da tién hanh nghién ctru, danh gia hiéu
qué chin soéng ctia cdc mo hinh tai ving ven bién mién Bic Viét Nam.

VAT LIEU VA PHUONG PHAP NGHIEN CUU
Pham vi, dm twong nghién ciru.

- Dbi tugng: cac mo hinh trong RNM ¢ d6 tudi 3 — 4.

- Pia diém nghién ctru: tinh Thai Binh (Péng Hoang, Pong Long), tinh Thanh Hoéa (Pa
Loc — Hau Lc).
Phuwong phap nghién ciru

Pé tai sir dung may do song Valerport 730w dé do dém cac chi tiéu nhu cudng do, chu ky,
chiéu cao, huong song ngoai thyc dia, dong thoi ap dung phuong phap tinh toan trén mo hinh toan
bang phian mém WADIBE (theo Nguyén Minh Cat, 2008) dé kiém tra thong qua hai dai lwong 1a
hé s6 giam song K va phan traim giam soéng p. Trong d6 hé s6 giam song k duoc tinh theo cong
thirc k = Hy/Hy,trong d6 Hi1a chiéu cao song trude rimg; Hs 1a chidu cao song sau rimg.



Phan trim giam song p dugc tinh theo cong thirc: p = (1-k) x 100%
Trong d6: 1 13 hé s6 tiéu tan ning lugng song
Thanh phan tiéu hao ning luong song do cay ngap min dugce tinh bang cong thirc:
ad
dxECgcos? =-Dw-Dv-Df (1)
Trong do6: Dv la tiéu hao nang lugng séng do luc can cua cdy ngép man
Luc can c6 the dugc miéu ta théng qua mbi lién hé véi luu toe nhu sau:

dF = z"’ CDA(z)“nrh @ [Ug,p [Z)ldz @)

Trong d6 A(z) 1a tong dién tich mat cit ngang cta ciy ngdp man trén mot don vi dién tich
rung tai d sau z, CD duoc goi 1a h¢ sb6 can phu thudc chu yéu vao tinh chét cua cay va $6
Reynolds (Re) ctia dong chay.

Ning luong tiéu hao trén mot don vi vi phan cua chidu cao cdy chinh bang cong suét thuc
hién cua lyc can trén doan don vi chiéu cao d6 va dugc tinh béng cong thuec:

dbv = 4FqUonm 3)

Lay (1) (2) thay vao (3) va lay trung binh cho mét chu ky song sau dé tich phan 1én toan
bo chiéu sau dong chay chiing ta c6 biéu thirc xac dinh ning luong song tiéu hao Dv khi truyén
qua 1 don vi dién tich rung ngdp man la:
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Trong do N(z) va d(z) la dién tich tan (m ) va dudng kinh (cm) ¢ d6 séu z.
Str dung phan mém Excel d¢ tinh toan xir Iy cac s6 liéu lién quan.

KET QUA NGHIEN CUU
Két qua do dém, theo déi ngoai thuc dia
Két qua do dém sinh truong ciia cdy trong tai cdc cong thive thi nghiém
Sau 3 va 4 nam trong, cdy trong cac mo hinh thi nghiém sinh trudng tot véi ty 1¢ séng dat
trén 80%. Két qua do dém sinh trudng thé hién tai bang 1.
Bing 1. Sinh trwéng trung binh ciia ciy trong tai cc thi nghiém

. Cong thirc .~ | Hw | Dan | Do | Hz | Ghi
Thi nghiém wong | <YM | (em) | (em) | (em) | (em) | chu
1.650 Ban 200 | 260 | 3,4
| Tring tén it nap | 650 Trang CTll ) 430 | 70 | 25 | %0
tridu sdu (Pong Long — | w000 Ban —ogy o | 270 1 240 1 315, | Nam
Tién Hai — Thal Binh) 2.300 Trang 130 | 70 | 2,2 thir 3
2.500 Ban o113 | 310 [ 300 |37 [,
800 Trang 145 | 85 | 2,8
1.650 Ban 310 | 360 | 52
. |1650Trang | 71 | 130 | 70 | 26 | %O
2. Trong trén dat cat dinh X <
(Pong Long — Tién Hai — 2.500 Ban CT2-2 370 440 6,6 33 Nam
Thai Binh) 800 Trang 145 85 2,8 thtr 4
2.000 Ban cToa | 340 [ 410 [ 61 | L,
1.300 Trang 135 70 2,6
3. Trong_trén dat cat dinh | 1.650 Ban CT3.1 | 280 | 260 | 60 | g
ngdp trieu sdu, dia hinh | 1.650 Budce 110 75 2,5 Nam
Eggg_ f;ﬁ;rfhﬂa ;;‘)’C ~HA pans200 | cT32 | 310 | 320 | 68 | 32 | M
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Két qua theo ddi vé sinh truong cho thay: Thi nghiém trong trén dat ngap triéu sau tai
Tién Hai — Thai Binh, cong thirc trong t6t nhat 1a CT1-3 ; tai thi nghiém trong trén dat cat dinh,
ngap trleu sau, dia hinh trong trai tai Hau Loc - Thanh Hoa la cong thuc CT3-2; con tai thi
nghiém trong trén dat cat dinh tai Tién Hai — _Thai Binh, cong thire trong CT2-2 cho cac chi tiéu
sinh trudng 1a tot nhét so voi cac cong thire trong khéc.

Két qua do song tai cdc cong thirc thi nghi¢m

- Céc dac trung tai thoi diém do: Khu vuc nghién ctru nam trén céc bai boi, co do dbc <
10° triéu cudng véi bién d6 2,8m (theo Om luc dia), gié Pong Nam cap 4, chidu cao séng ngoai
rung dat 1,3m, chu ky song dat 4,60s.
- Ket qua do song bing may Valerport 730w duoc thé hién tai hinh 1 va bang 2.

Hinh 1. Pia diém do tai Thai Binh va Thanh Hoa
My duoc dit c6 dinh tai cac md hinh/cong thire trong rimg thi nghiém & cac vi tri trudc rimg
va sau rimg trong vong 3 ngay lién luc dé 14y gia tri trung binh cua mbi diém do.
Bang 2. Két qua do séng tai cic mé hinh thi nghiém

Cong thirc Hs bién Hs trudc | Hs sau rung Hé s6 Phan trim

rung (m) rung (M) (m) giam (M) giam (%)
Khong ring 1,300 1,130 0,8132 0,32 28,03
CT1-1 1,300 1,130 0,2483 0,88 78,03
CT1-2 1,300 1,130 0,2692 0,86 76,18
CT1-3 1,300 1,130 0,1843 0,95 83,69
CT2-1 1,300 1,130 0,1624 0,97 85,63
CT2-2 1,300 1,130 0,1175 1,01 89,60
CT2-3 1,300 1,130 0,1364 0,99 87,93
CT3-1 1,300 1,130 0,1753 0,95 84,49
CT3-2 1,300 1,130 0,1411 0,99 87,51

Két qua do dém cho thay, tai thi nghiém trong trén dat ngap triéu sdu tai Tién Hai — Thai
Binh, cong thirc trong cho hé s giam song t6t nhat 1a CT1-3 khi di giam dugce 83,69% chiéu cao
song, tiép dén 1a CT1-1 (78,03%) va thdp nhat 1a CT1-2 (76,18%); khi trong trén dat cat dinh
ngdp triéu sdu, dia hinh tréng trai tai Thanh Hoa thi cong thirc trdng Béan chua thudn 10ai
(N=3.200 cay/ha), véi hé sb giam dat 87,51% Vva to ra c6 hiéu qua can song tot hon so véi trong
1.650 Ban chua + 1.650 Pudc (giam 84,49%). Tai thi nghiém trong trén dét cat dinh (Thai Binh),
cong thie trong ¢ tac dung can song t6t nhat 1a CT2-2 véi 89,60%, tiép dén 1a CT2-3 véi
87,93% va thap nhat 1a CT2-1 v6i 85,63%. Trong khi d6, song di qua khu vuc khong c6 RNM
thi khi vao dén bo chi giam duogc 28,3%.
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Do thi 1. Hé s6 va phan trim giam séng do ngoai thuc dia
Déi véi truong hop khong c6 RNM thi phan trim giam song chi dat 28,03% vai hé s 1a
0,31.
Nhu vy, két qua do dém tac dung can song, bao vé dé bién cia cac cong thirc thi nghiém
cling dong nhat vé6i két qua theo ddi, do dém vé sinh trudng ciia cac cong thirc thi nghiém.
Két qua tinh toan tac dung chin séng bang phan mém WADIBE
Cac thong sO cai ddt dugc trinh bay nhu trong hinh 2.
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Hinh 2. Giao dién tinh toan kha nang giam séng cia cac cong thirc TN

Thong sé dau vao 1a két qua do dém sinh trudng cia cay trong tai cac thi nghiém trong

rimg. Tuy nhién dé théng nhét chi tiéu dau vao cic cong thire thi nghiém dugc trong véi mat do

3 300 cay/ha duge qui vé mot khoang cach (cay cach cay 1,6m; hang cach hang 2m), bé rong dai

rung 1a 300m. Do doc song nude sau 1a 0.03; hé s tiéu tan ning luong 1a 1; mai dbc cua mit

song voi 0.1, hé s6 ma sat 0.01. Sau khi chay mo hinh tinh toan theo phan mém WADIBE, két
qua thu duoc tai bang 3 va do thi 2.

Bang 3. Két qua chay mé hinh bing phin mém WADIBE

Cong thire Hs bién Hs trudce Hs sau Hé s6 Phan tram

rung (m) rung rung (m) | gidm (k) giam (%)
Khong ring 1,300 1,130 0,7900 0,70 30,09
CT1-1 1,300 1,130 0,2300 0,20 79,65
CT1-2 1,300 1,130 0,2900 0,26 74,34




CT1-3 1,300 1,130 0,1700 0,15 84,96
CT2-1 1,300 1,130 0,1460 0,13 87,08
CT2-2 1,300 1,130 0,1200 0,11 89,38
CT2-3 1,300 1,130 0,1350 0,12 88,05
CT3-1 1,300 1,130 0,1320 0,12 88,32
CT3-2 1,300 1,130 0,1253 0,11 88,91

Két qua tai bang 3 cho thidy & m6 hinh trong trén dat ngap triéu siu, cong thirc CT1-3 12
cong thue c6 hé s6 can song tdt nhit véi k = 0,15, giam dugc 84,96%, tiép dén 1a cac cong thuc
CT1-1 va CT1-2. Khi trdng trén 1ap dia cat dinh (Thai Binh), cong thirc cho hé sb tinh toan tbt
nhit 12 CT2-2, v6i k = 0,11 (giam 89,38%), tiép dén 1a cac cong thae CT2-3 va CT2-1. Tai
Thanh Hoa, cong thirc trong c6 tac dung can song t6t nhat 1a CT3-2 (88,91% véi k =0,11)
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Do thi 2. Hé s6 suy gidam va phin trim giam séng tinh toan theo WADIBE
V6i trudong hop khong c6 rumg (d6i chung) duoc tinh toan thi luwong song chi giam
30,09% véi k = 0,70.
Nhu vay, bién thién cta hé s6 giam va phan tram (%) giam khi tinh toan bang phan mém
WADIBE di c6 sy bién dong so véi két qua do dém va tinh toan ngoai thuc dia. Tuy nhién sy sai
khac nay khong 16n. Nhin chung cac cong thirc rung trong c6 sinh trudng tot nhat thi co tic dung
can song tot nhat tng v6i timg mé hinh nghién ctru.
Két qua xay dung twong quan héi quy gitra sinh truedéng va kha nang chin song.
Dang ham twong quan héi quy

=a+b.Hy+c.Dg +d.Di+e.H: (1)
Y =a+ b.Hy, + ¢.Dgg + d.Dy
Y =a+b.Hy, + c.Dgo

Trong do: Y 1a mirc song gidm (chénh 1éch= H; -

Lwa chon dang ham hoi quy
Bing 4. Kiém tra su ton tai cua hé s0 hoi quy dang ham (1), (2) Va 3)

(2)
©)

Hs).

Dang R? Heé s6 hoi quy va mirc y nghia kiém tra sy ton tai

ham a Sig.F, b Sig.Fp c Sig.F. d Sig.Fy e Sig.F.
(1) 10,914 0,249 | 0,812 | 0,004 | 0,405 | 0,003 | 0,456 0,033 0,339 |-0,020 | 0,211
(2) 10,841 /1,046 0,001 | 0,003 0,035 |0,002 |0,042 0,050 | 0,026
(3 10,839 |1,045|0,000 | 0,045)|0,044 |0,062 | 0,014




Nhu vy, gia tri Sig.F cua cac hé s6 hdi quy 1ap theo dang phuong trinh (1) déu 16n hon
0,05. Do d6, khong ton tai mdi quan hé giita mirc song giam voi cac yéu td sinh truong cua cay
rung theo dang ham (1). Con dang ham (2) va (3), do gia tri sig.F cua cac h¢ s6 a, b, ¢ déu nho
hon 0,05, vi vdy ton tai méi quan hé giita kha ning chin song voi cac yeu t6 sinh truong duong
kinh, chiéu cao va duong kinh tan theo hai dang ham nay. Cu thé, méi quan hé giita muic song
giam va cac yéu t sinh trudng duoc lap nhu sau:

Y =1,045 + 0,045.H,, + 0,062.Dg, 4
Y =1,046 + 0,003.Hy, + 0,002.Dy, + 0.05.D¢ (5)

Vi gia tri hé s6 xac dinh R? cua phuong trinh (5) bang 0,841 16n hon hé sb xac dinh R?
cta phuong trinh (4) R? = 0,839. Vi vdy, dé tai lya chon phuong trinh (5) dé mo phong mdi quan
hé giira murc song giam voi cac yéu to sinh trudng cua rimg.

Kiém tra mirc dp phit hop ciia mé hinh héi quy

- Mikc do giai thich cua mo hinh Y = 1,046 + 0,003.Hy, + 0,002.Dy, + 0,05.D;

Béng 5: Danh gia mirc d§ gidi thich ctia mo hinh

Ham tuong R He 56 x4e Heso X”éc din?h diew Sai s6 ugc luon
quan dinh (R?) chinh (R9) Ong
1 0,917 0,841 0,722 0,02838

Hé s xac dinh diéu chinh (Adjusted R square) bang 0,722. Piéu nay cho biét, 72 2% su
thay d6i kha ning chin song duoc giai thich boi cac bién chiéu cao vat ngon, dudng kinh gbc va

duong kinh tan.
- Murc do phu hop
‘ , 9 Bing 6: Phan tich phuwong sai
Nguon bién Tong bién | Bac tu ) Mitc v nghia
gdéng dgng do (afy | Phuongsai F Sig)

Hoi quy 0,017 3 0,006 7,065 0,045
Sai s6 du 0,003 4 0,001
Tong 0,020 7

Do Sig.F < 0,05, chiing to cac bién doc 1ap co twong quan tuyén tinh véi bién phu thude
v6oi muc do tin cdy 95%.
Ddnh gid két qua hoi quy
Bing 7: Hé s6 hdi quy chuin héa va chwa chuin héa

P Hé 6 chua chuén hoa Hé sb Beta )
Bién doc lap — — 7 T t Sig.
Gia tri hé so Sai sO chuan chuén hoa
Hang s 1,046 0,113 9,246 0,001
Hun 0,003 0,001 1,819 2,395 0,075
Doo 0,002 0,001 1,233 2,039 0,052
D¢ 0,005 0,020 2,113 0,235 0,826

- Hé $6 hoi quy chwa chudn héa

Bién Hy, c6 hé s6 0,003, quan hé cung chiéu véi bién Y. Piéu nay cho thiy, khi chiéu cao
vat ngon ting 1% thi kha nang chin séng tang 1én 0,3%.

Bién Do, c6 hé s6 0,002, quan hé cing chiéu vé6i bién Y. Vi vdy, khi dudng kinh gbc ting
1% thi kha nang chin séng tang 1én 0,2%.

Bién Dy ¢6 hé s6 0,005, quan hé cing chiéu véi bién Y. Vi vay, khi duong kinh tan ting
1% thi kha nang chin song ting 0,5%.



- He s6 hoi quy chudn héa: Dé danh gia vai tro cua tung bién doc 1ap (Hyn,Doo, Dy) dén
kha ning chin song cta rimg. Dé tai str dung hé sé chuan hoa (Standardized Coefficients) dé xéac
dinh vai trd cua timg bién.

Bang 8. Vi tri quan trong gﬁa cac yéu td

Bién doc lap Gia trj tuyét ddi | % Pong gop
Hun 2,819 35,22
Doo 2,133 23,87
Dy 0,113 40,91

Céc bién sinh truéng cta cdy rimg déu c6 anh hudng dén kha ning chin séng, cac bién
khac nhau thi kha ning chin song ciing khac nhau. Trong d6, bién dudng kinh tan c6 anh hudng
16n nhit dén kha ning chin song (dong gop 40,91% vao kha ning chin song), tiép dén 1a chiéu
cao vat ngon (dong gop 35,22%) va thap nhat 1a dudng kinh gbc (dong gop 23,87%).

KET LUAN

Ty 1& sdng cla cac cong thirc trong rimg dat trén 80%. Cay trong sinh truong kha tét. Tai
md hinh trong trén dat ngap triéu sau, cong thirc cho sinh truong t6t nhat 1a CT1-3 (2.500 Ban +
800 Trang), sinh truong kém nhat tai cong thirc CT1-2 (200 Ban + 2300 Trang). Pbi v6i md hinh
trong trén dat cat dinh tai Thai Binh, cong thire cho sinh truong | t6t nhat 1a CT2-2 (2.500 Ban +
800 Trang), tlep dén 1a cac cong thirc CT2-1, CT2-3. M0 hinh trong trén dat cat dinh, ngép triéu
sau, dia hinh trong trai, cong thic trong Ban chua thuan loai véi mat do 3.200 cay/ha, sinh
truong cé trién vong hon so voi cong thirc trong hdn giao 1.600 Ban + 1600 Trang.

Hiéu qua chan song cua cac cong thirc thi nghiém da thé hién rd rét khi ciy trong dat 3-4
nam tudi. Tai thi nghiém ngap triéu siu, cong thirc co hé sd can song tot nhat 1a CT1-3 véi
83,69%, thép nhat tai CT1-2 véi 76,18%. Tai thi nghiém tréng trén dat cat dinh song to gié 16n
dia hinh tréng trai thi khi trong Ban chua thuan loai, mat do 3.200 cay/ha c6 tac dung can séng
tot hon so v&i trong hon giao voi DBude (87,51% so voi 84,49%). Cong thue co hé s6 can song
t6t nhat tai thi nghiém trong trén dat cat dinh 13 CT2-2 v6i 89,60% va thap nhat 1a CT2-1
(85,63%). Khi khong c6 RNM thi chi giam dugc 28,3%.

Bién thién cua hé sO giam va phén trim giam song gitta do dém ngoai thuc dia va tinh
toan bang phan mém WADIBE di ¢ su bién dong nhung khoéng lon.

Gitra kha nang chan soéng cua rimg va cac yéu t6 sinh truong chiéu cao vt ngon, sinh
truong duong kinh gbe va duong kinh tan ¢ mdi quan hé mat thiét v6i nhau theo dang ham Y =
1,046 + 0,003.H,, + 0,002.D¢, + 0,05.D:x.

Céc bién Hyy, Doo VA Dy ¢6 quan hé thuan chidu véi kha ning chan song, diéu nay co
nghia, cdy cang cao, duong kinh gbc va dudng kinh tan cang 16n thi kha ning lam giam bién do
séng cang cao.
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RESEARCH ON THE ANTI-WAVE POTENTIAL OF DIFFERENT EXPERIMENST OF
MANGROVE FOREST PLANTATION IN SOME NORTHERN COASTAL PROVINCE
OF VIETNAM
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SUMMARY

The 4-year experiences of planting mangroves in sites with adverse conditions in Thai Binh and
Thanh Hoa provinces showed that mangroves grow best in formulas CT1-3; CT2-2 and CT3-2.
There is evidence indicating that the mangroves planted following these formulas efficiently
form anti-wave barriers. Among mangroves planted on marine swamps submerged in seawater in
Thai Binh province, those that were planted following formula CT1-3 presented the highest anti-
wave coefficient (i.e., 83.69%) and those that were planted following formula CT1-2 generated
the lowest anti-wave coefficient (i.e., 76.18%). For forests planted in sandy soil with strong wave
and wind coming daily in Thanh Hoa province, the single species (i.e., red-flowered apple
(Sonneratia caseolaris) mangroves with density of 3200 trees per hectare formed better anti-
wave barriers than the mixed species (i.e., red-flowered apple (Sonneratia caseolaris) mixed
with corky stilt (Rhizophora apiculata)) mangroves did. The highest and lowest anti-wave
coefficients recorded in mangroves planted on sandy soil in Thai Binh province were 89.60% (in
formula CT2-2) and 85.63% (in formula CT2-1), respectively. In the absence of mangroves,
wave height was only reduced by 28.3%. There is a close relationship between mangrove’s
growth factors such as Hyn, Doo and D; and mangrove’s anti-wave capacity. The taller and bigger
mangrove trees are, the better do they reduce the negative effects of waves. Particularly,
mangrove trees’ canopy diameter presents the best capacity in terms of reducing the wave
amplitude, followed by mangrove trees’ height and stem diameter.
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