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Hurricane driven changes in vegetation structure and ecosystem services in

tropical urban yards: a study case in San Juan, Puerto Rico
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ABSTRACT !
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INTRODUCTION!
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ON,!D*33"A, I$¥IN7--*="4 3I-2"1"4519"-*"ID-,3,4E,5!" 41 \E-"$-5*4"-GI$DD$-E74*GIES! , +7) 7"E, IEN, !
,\E, 4EISHI5" 2 A 1$41A-, ,417-Y"413D"=,31"451E$!"33,33INS [!EN, 3, A-, , 413D "=, 31" -, I- . 3D$45*4AIES!
N7--*="4 I5*3E7-Y 4=, 301 Z,- 0 [, ES$>1"5+" 4L A, I$h! " 4I$AASAAIETSCI 2 $4HES-*4Al-  3*5, 4E+")!
G"-53I*41# 4167 " 41EN"E! [ "3!*4E,--7DE, 5!YGIEN, 2D "=E3ISHIEN, 3, E[$! 2 "2$-IN7--*="4,3{! 1 *D*5ID$3E.
N7--*="4,1"33,33?2,483![,-,!=$457=E,5!*41G"-53ID-, +*$73)G!I37-+,G, 541, 173,5!EN, 3,1G"-53IES!
D,-4$-2!"15*  =El=$2D"-*3$4I$4ID-, .1 "45ID$3E.N7--*="4, 1=$45**$43{ION, 13D, =**=1A$" ) I SHIEN*3!
3E75G! [, -, EPUIS™TIS, B, -2*4  IEN, ¥ 2D " =EI$hIN7--*="4 , 3IN- 21" 4519 " -*"1$41+ A E"E*$413E-7=E7-, 1" 45!
=$?D$IE*SAIShIH# 4167 41-, 35, 4E* )G -53IYGI=$?D"-*4AID-, . "45!D$3E.N7--*="4,3137-+, G30ISQT!

, ) 77E,1745] T APMGINT--*="4, .5-*+,41=N"4A,3I*4IEN, | =$3G3E, 213, -+*=, 3ID-$+*5, 51YGIEN, 3, !
G*-530!"45!SLT1"33,33"4IEN, -, [, -, 13D, =*,3.3D, =**=I5%h, - , 4=, 31*4IE, - 23S 2 $-E " )*EG! " 451-,3D$43, !
ESIN7--*="4,15"2"A,HION, I-,37)E3ISHIEN*3I3E75GID-$+*5, *43*ANEIFAESIEN, 14+7)4 , - " Y*)EG! "45]- ,=$+, -G!
DSE, 4E*")I$HI7-Y "4l+ A E"E*SAI"UE, -1 12 *28-IN7--*="4  {IF45, -3 " 45*4AlEN, I=N"4A, 31*41+ A E*E*$4!
=$45'E*$41° 45! ,=$3G3E, 213, -+*=,314$))$ [*4A!I"12"2$-IN7--*="4,1?*C!), "BIE$I*?D-$+,5!7-Y"4IA-, , 4!
*4%-"3E-7=E7-,31"451? 47 A, ? 4EI3E-"E, A%, 3i!!

I

METHODS

Study Site

ON,!#"4167"419 E-$D$)*E" 4l<-, "ISHEO<TI*IEN, 1) "-A, 31 7-Y " 41"~ "IS4IEN, 1*3)"45I$HIHT7 , -E$! 1 *=$!
[EN!" 41,38+ "E,5ID$D7) "E*$4ISHIL "hIRR ™D, $D), ISFi#i! I ,4373!F7-, " 71QJ"'KTEION, 1G*-53!37-+,G, 5!
*IEN*IETSG! [, -, 13%4A), 4" ?*)GINS 73*4AI T4 E31%-$2IEN-, , 14, *ANYS-N$$53ISHT , -E$lg 7, +$0l<+,4*5"!
I,4E-7)1"451/" 14 --"TN$="E,5!")$4AIEN, I 7-Y " 41=$+, -1A-" 5%, AEIBHIEN, | L4$IH*, 5- 31N "E, -3N, 5!
STHANHTOEN, 12" *4I["E, -3N, 5IM4IEN, I#6 O <I=$+,-*4Al"41"- " ISHIRKI>?2ISH*AjI"'TIION, 3,!1G*-53!"-, !

D*-EI$%!*1)"-A,-1D-$2,=E!3,E7D!, 3E"Y)*3N, 5IYGIEN, 1#4167*4IF/01<!g,E[$->!"=-$33IEN, [ TH#!
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$9,),45,;.<=>,-?"41 H")ilQJ"RIIQJI"Pelo*)". 17*;!,EI")ilQJI""Re!O$--, 3. 1 * 2 "=NS$!,E!")ilQJ " Ve!
Qr+,-$./8-"1LET)IIQIKTRON, | IHM#I*31=N"-"=E, -*; | 5IYG!"1)"451=$+, -1A-" 5%, 4EIEN"E!-"4A, 314-$ 72!
N*AN)GI7-Y*4*; 51"~ *314, "-IEN, 1=$" JEIESIN*AN)G!%$- , 3E, 5! -, "3!"-$745!EN, IN, "5 [ "E, -1 "45IN"3!"!

2, AIMAAT77)E, 2D, - "E7-, ISHIQTIVII 1 1T 45112 417447 ) ID-, =*DE"E*SAIEN"E!- " 4A, 31h-$ 21" (] IKI 22!
AN, 1=$"3EIES! V] ]I 2 ?*41EN, I7D) "45!S/7A$! B 7)iIQJ " "THIH- , +*$73I3E75%, 3IN"+, 13N [ 4!EN"E!
A-,,413D"=,31¥41- 35 4EF")1" - "3IEN*IEN, [T HN#I37DDS$-E " 1Y*$5%+, - 3G, -*=N1h)$- " IY 7E!
5$72*4°E,51YGI4$4.4"E+,1D) "4E13D, =*,3150%)". 1. 7%; 1 ,E1")1QJ"Re! 9, ), 45, ; .<=>,-?"41"4511$2"3.
#"45%+7)1QJQTE!N!

!

Pre- and post-hurricane yard surveys
ON,!D-,.N7--*="4,137-+,G3!*4=)75, 5! " IE$E ") I $UIhKIY "=>G"-53IN,, -, *%E,-IpG*-53qTIEN"E! [, -, 1+*3*E, 5!
Y,E[,,41674,1Q1"P!"45!19"GIQJ""VI"45*4+  4E$-*, 514$))$ [ *4AIEN, *.0-, ,18=$!D-$t$=5$)!Sg$ [ *>!, !
")IQJhTEIMEN*4L, *=NIG"-501"))! [$$5G!3D, =*, 3!SE-, , 31" 4513N-7Y3TI"3I [, ))!"3!D*)231"451)"-A, |
N,-Y3IS,GAQID) " 4E"*431" 451V " 4" 4" 3TI[*ENIS*" 2B, -I"EIY-, "3EIN, *ANEISC FZT!r 1QE] =, -, 137-+,G, 5!
*45173,51E$IAEN, - IEN, 14$))$ [*4Al+"-*"Y), 303D, =*, 3N CFZOIN, *ANE)!=-$ [4!) ,4AENIID, -=, 4E1=-$ [ 4!
2?*33*4A0D, -=,4EI5%, Y "=>(1"45!=-$ [ 4!)*ANE!,\D$37-, 18" =N!I3D,=*, 3 [ "3!=)"33%* ,5!" 314 "E*+,1$-14$4.
4B+ IFAIHT ,-E$1 1+=$14$))$ [*4AI<\,)-$5!5QJJ"'TI"45!EN, ID-, 3, 4=, ISS- 14 SETI ShIUSS5!D-$+*3*$41+7) 7, !
"451$-4% 72 4E7)1+7) 7,131, +7) 7 E, 54$))$ [ HAAIF#C<.<1#.c1Ng!SQJ"KTi!b*4 ")) GIr*4%$- 2 "B $4!
$4!I[$$5!5,43ECH$-!, *=NI3D,=*,31 [ *3!")3$!=$)),=E, 51%-$2IEN, I)*E, - "E7-, ISF-$ 41" KKVel IN"+, 1 E!
")iIQJIJIKe! 1 "-3"41,E1")i1QJI"QT!"45!73,51ES!, +)7"E, " ID$E, 4E4")1 " 33$=*"E*$4!Y ,E[, ,4! [ $$5!5,43*C!
"A5IEN, 1)*>, )NSS5!I$HI37-+*+*4AINT--*="4 15" 2" A fI!
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D,-3%44 )T'L,'L,-,!"Y), E$!ID, -4$-2IDS3E.N7--*="4,137-+,G31*41$4)GIPKIS7EISHIEN, 1$-*A*4 ") IhK!
G"-53(10$!"33,33!EN, IE-, , IpN, ")EN!=$45*t*$4q! "45!EN, Ip5* 2" A, q!="73,5!YGIEN, IN7--*="4 30N, !
+7-*7Y), 1=-$ [41=$45**$4155, 4*4, 5173111 T 15 Y *=>TH " 3!1-,=$-5,51$-1, *=N!*45*+*57")ID) " 4EHION, !
h-,_7,4=GI$HY-$>,41$-17D-$$E,5IE-, ,31"3I[,))! " 31*44$- 2 "E*$4! " YS7E! " 4G1*45*="E*$4I$H!p- , =%+, -Gq!
S,0AQID-,3,4=,1$%4, 1), "+,3!"451Y-"4=N, 3!-,3D-$ 7E*4Al%-$ 2 1E-74>31$-13E72D3T! [, -, 1 *)3$!
5$=772,4EF,54$-!, "=NI*45*+*57")ID) " 4Ef! (7EISHIEN, IPK!-, +*3*E, BIG*-530!" ] I5*5I4$EIN" +, 1D) " 4E3!
W7)4*))*4AIEN, |ICFZI3" ?D)*4Al-, 7*,7? ,4EISCFZIr!Qf]!=T0EN, -, %$-, 1IN, G! [, -, 14$E1*4=)75, 51*4]
D$3E.N7--*="4,137-+,G3)$ [,-*4AlEN, 13" ?D), 13*; , IE$!] Q!G*-53(!b$-!*))IEN, 137-+,G,5!G"-530 [, !

, 3B 2", BIEN, IE$E™)! ", "ISP2TIN-$2173*4AICSSA) , 18" -ENIH-$!+VELEION, 1]Q!IG*-53! [*ENID-, .!*45!D$3E.
N7--*="4,137-+,G31=$+,-,5!" 41"~ "I$HIVI"QK!I 22f1<))EN, 1+*-*"Y), 31-,=$-5, 5!4$-ID-, .| "45ID$3E.
N7--*="4,137-+,G30EN, *-15, *4*E*$431 *4513$7-=, 31" -, ID-$+*5,51*410"Y),, I""{l!

!

i-Tree models

ON, *.0-,,!8=8!+(P!?$5, )*4AIE$$)!Shttps://www.itreetools.org/T [ "3!73,51E$!A,4,-"E,ID-, .1 "45ID$3E.

N7--*="4, 1,362 F, 34$-1"))IG"-53ID$$), 51" 4514$-1, *=NIG"-5!3,D" - "E,)GI4$-IEN, 14$))$ [*4A! ,=$3G3E, ?!
3,-++=, 3UIS"TI L *-YSAI3E$-" A, IS>ATISQTIC-$331="-Y$413, 7, 3E-"ESAISSAIG-TeISLTI<+$*5, 51- 74!
SP2UG-TelSRT! (\GA, 4ID-$57=, 5IS>AIG-TeIS] TIHS)) 7E5$41- , P$+, SISAIG-Tel " 451SPTI 1 $$)*4Al , 4, -AG!

3" +*4A31Sd [NIG-TIION, 1*.0-, , 18=$!D-$E$=$)IN"31Y, , 41, \E, 43"+, )GI73, 5IE$! "33, 331N, 13E-7=E7-, 1745
-,)'E,5!,=$3G3E, P13, ~+*=, 3174515433, +¥=, 3ISHI7-Y " Al$- , 3E3NOS!, 32 E, 1, =$3G3E, P13, -+4=, 3!
D-$+*5, 5I$-1EN, 137+, G, 5IG"-5301 "*-1_7")HGI5"E" Is="-Y$AI 2$4$\*5, | | (!SDDPIN-TOI4*E-$A, 4!

5*$\*5,!g (2!SDD?IN-T!$; $4,! (3ISDD?IN-T0I37)%7-15*$\*5, 1# (5ISDD2IN-T0Y-, "EN"Y), 1373D, 45, 5!
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D"-E*=7)"E,!?"EE,-IHO " JISTAI?3T0 " 4514*4 , ID* -£*=7) "E, 12 "EE, -IHOQI] IS TAN2LTt0 3! [, ))! " 3!
E,?D,-"E7-,1Su B TOI-"*4%"))IS="2UN-T!* 45! [ *45!+,)$="ECIS?I3T! [, -, !SYE"*4,514-$?1EN, g "E*$4 ")!
NN, -1 - HETESAN$="E, 5141/ 7319 T71$; 19 T 44 4E -4 B $A )| <*-D$-EIS/ 9 O <.
F#<bWWh]QPLTilO")7,31%$-!,),=E-*=*GI [, -, !?$5%*, 51E$!IQI!=, 4E3ISFAVTID, - 1> S [ "EE.N$7-1Y"3,5!
$41,3+2 ", 3U$-1H7 , -E$! 1 *=$!*41Q1""VISFi#{! 84, -AGIN4YS- ? "E*$41 <52*4*3E-"E*$41QJ""hTI" 45N, "E*4Al
=$3E3IEP!; ,-$I57, IESIEN, ) *=>IShI%-$3EI5 " GIIB4IEN, I*¥3) *4501C %" 7)E1+*) 7,31 [, -,!73,5!%$-EN, ID-*=, 1$h!
="-Y$4ISF#v"hhii? , E-*=IE$ATI " 45! " +$*5 , 51-7 4Bk SFAVQILPI23Tj!

!

Data analysis

C,3=-*DE*+, I3E"E*3E*=301=$4E*4A, 4=G1"4")G3, 30! "45!3*A41E, 3E3! [, -, 173, 5IE$!, +7)7"E, 1=N"4A, 31*4]

+,A BB $4I3E-7=E7-, 1" 45!=$2D$3E*$4!Y ,E[, ,4!D-, .| "4A5IDS3E.N7--*="4 ,137-+,G3}1™, 173, 5IwIE, 3E3!
E$I=$2D"-,IEN, ID-, .1"45ID$3EN7--*="4, IS 3E-*YTE$41%-, _7,4=GI$hI*45*+*57")31"=-$33!EN,, l}*+, ICFZ!
=)"33,31"451E$!, +7)7"E, 15%h, -, 4=, 31F4IEN, I5*3E-*Y TE$A G-, 7,4=C1=$43*5, -*4AIE[ $!=$45**$4!
="E,A$-*,3UIp5, "50!$-Ip*)*+,qi'b$-1EN, 3,1"4")G3, 30N, |, \D, =k, 51%-, 7,4=*,31,-, N, %-, _7,4=*,3!
=$)),=E,5!*4IEN, ID-, .N7--*="4,137-+,G3! "4513E* 45" -5*; , 51-, 3*577)315".3=$-, 3T [, -, !=$43*5, -, 514$-!
D$3E.N$=1"4")G3, 3I$h!=,))!=$?D"-*3$43ISh*,)5!QJ ""Le!<A-, 3EHIQI KT <! ™)=$\$4!3*A4 ,5.- " 4>IE , 3E!
[ 73173,50E8!5,E,-2*4,IN7--*="4, .5-*+ 41=N"4A, 31*41=-$ [ 41=$45*E*$4[ION*3!"4")G3*3! [ "3!
D,-%$-?,5173*4AIEN, 1$-5*4")IDSIE*$4!1"33* A4, BIES!, "=NISHIEN, 13, +,41="E ,A$-*,3!,+")7"E, SHS-1EN, !
p=-$ [4!1=$45**$4q!+"-*"Y),1S0"Y), " THOS$! , +*) 7 E, IDSE, 4E**)1=N"4A,3*4IEN, |, =$3G3E, 213, -+*=, 3!
D-$+*5,51YG!IG*-530! [, !73,5!N, ID-, .1"45ID$3E.N7--*="4,137-+,G3IE$! , 3E*? "L, IEN, 1D, -=, 4E!)$33! $h!

,"=NI,=$3G3E, 213, -+*=, 4$-1, *=NIG"-5!"451D$$) , 5!G"-53!"3!!

~ 33X HGS § LoSLPTE)
pre



1HSIT )R- -
!

Species-specific difference in hurricane damage and contribution to ecosystem services
O$!,+")7"E,13D,=*,3.3D, =**=I5%, - , 4=, 31*4IE, - 23I$h! ?$-E")*EC! "45!-,3D$43, IESIN7--*="4,15" 2" A, (!
L, =38!, +7)7°E, 51N, I, ) "Ex+, I=S4E-*Y 7E*SAIBH!, "=NI3D, =*, IESIEN, IESE")! " 2$74EI$H!, *=NI, =$3G3E, 2!
3,-+*=,153D, =*, 3I18#!=$AE-*YTE*SAMESE" )| 8# =$AE-*YTE*$4ly!1" JITHON, 40%$-!, "=NI3D,=*,3! [, !=-, "E, 5!
"41,=$3G3E, 213, -+*=,1¥45 \ISSHITIYG! *55*4AIME3!- | ) B4+, I=$4E-*Y 7EXSAIES! , "=NISHIEN, !, *ANE!
,=$3G3E, 213, -+*=,31,+")7"E, S5ilb$-14$$5!"451$-4" 2, 4E")13, -+*=, 301+")7, 3!, -, !=")=7)"E, 5! "3IEN,, !
-, ) B, -, 7,4=GI$HI3E, P3N [ENIENS3, 13, -+*=, 3ISTEISHIEN, IESE")1472Y, - IHI3E, 231$%! *))!3D, =*, 3!
=$2Y*4,501b$-1"))I$EN, -1, =83G3E, 213, -+*=,301+")7,3![,-,!, \E-"=E, 51%-$21*.0-, 1, 3+ "E, 3(!b$-!
, "=NI3D,=*, 30N, 18#I*45 \IEN, 41- 1) , =E3E3!- ) "B+, 1=$4E-*Y TEX$4IES! 2 7)ED), |, =$3G3E, 213, -+*=, 3!
OS!, 32, IN7--*="4, .5-*+ 41=N"4A, 31$4!,=$3G3E, ?3!3,-+*=,1"EEN, 13D, =*,31),+,)0' [, !=")=7) "E, 5!
EN, D, -=,4EN)$33I$HIEN, 3,13, -+*=, 3l4$-1, "=NI3D, =*,3I73*4AlEN, 13" 2,12 ,ENSSIEN"E! [ "3!D-, +*$73)G!
73,51E$!, 3842 "E, 1)$33, 31 "EIEN, IG"-51), +,)IY7EI73*4A1+")7 , 31%$-1, "=NI3D, =*, 3}!!
b$-!,*=NI3D,=*,301[,!")3$!, 3*? "E, BIEN, 1 2$-E*)*EG!-"E, 1" 3IEN, I-"E*SIY L EL, , 4IEN, 14772Y, - 1$h!
5, "5I*45*+*57")3*4ID$3E.N7--*="4,137-+,G3!"451472Y , - I$h*45++*57 *)31")*+, I*4IEN, ID-, .N7--*="4,|
37-+,G31S0"Y), 1#" 1" A5 I#QTI F*4$2* ")) $AR3E*=1- | A-, 33*$412$5,)3! [, -, 173, 51E$!,+7) 7"E, IMHIEN, !
D-$Y " Y*)*eCISHISG*4AISPS-E" ) EGTINS-1, "=NI3D, =*,31=$7)5!Y, I*4%)7 ,4=,5IYG!I3D, =**=13E-7=E7-")!
+"-*"Y),31°45ID-, N7--*="4,1=-$ [ 41=$45*E*$401bS-1EN, 3,1"47)G3, 30!1$4)G!=$4E*47$73I3E-7=E7-")!
+*-*"Y), 3154, 60ID) " 4EIN, *ANE)! [ $$5!5,43*C0! *45!CFZT!"4513D, =*, 3 [*EN!"' J!$-12$-, |
*454*57")3137-+,G! L, -, *4=)75,501C7, ES)S [ -, _7,4=*,31*41=-$33E"Y7) "E*S40IEN, 1$-*A*47)13, +, 4]
="E,A$-*,31,+7)7"E, 5l4$-1=-$ [ 41=$45*E*$4!I [ ,-,!-,57=,5ESI273EIEN-, , 1="E, A$-*, 3UY *5ISrIQP ~ !
5*, Y =>T0R 15" TIESIQ] ~ 15, Y =>TI$-IAS$5!SZ1" T 16 Y "=>TjIAN I3E"-E, BIYG!=-, "E*4Al " 1ph7))!

285, )q1*4=)7544A1") 1+ -+Y), 31 451N, 414, [12$5,)3! [, -,!=-, "E, 5IYGI3*PD)HGHAIN, 147))1 2$5, )il
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ON, Y, 3.0l 2$5,)3![,-,!13,),=E, BI73HAIEN, I<>"*> IN4%$-2 "E*$4!1 1 -*E, -*" IS<N I TISF7-4N" 21" 45!
<45,-3%$41QJJQTi!<))!*4")G3*3! [ "3!D, -4$-2, 5173 4Al#H##1+iQ]!SIFO! 1 $-Dil 1, ), "3, 501Q1 " VTl
!
RESULTS
Hurricane-driven changes in vegetation structure and composition
H-, N7--*="4,137-+,G3!"==$74E, 5! " IE$E ") ISHIRK" I*45*+*57 *)315*3E-*Y 7€, 51" =-$33!K] 13D, =*, 31S™*P!
47E+,31°45IVK14$4. 4 B4+, 3ThI<I=), "-15$2*4 " 4=, 1$h14$4 . 4"E*+,13D, =+, 31 [ "3!5,E,=E, 5! "EIEN,, !
557, +,)IK"P T 14$4.47E4+,13D,=*,31"45IhiR " 14E*+, 13D, =*, 3T6IH-, .N7--*="4,137-+,G3!")3$!
NS ,5EN"EIG™-53![,-,!5$?*4"E,5IShQL ~ 1$%!*))!+,A,E"E*$4TIVGI3?")). 3, ?!D) "4E3 [ EN!CFZ!Z!
"]0Q!="1"45!EN, 13D, =*, 3IHESN&" (&) &*+ht&, &' - +/+%h, $%") 0%&1%+2320+%-'456 , 70%(3) B&'8 &, &)57F)H'
O+, $1'/32:&8+28&-1" 4514 $h&' &, $8+285&! [, -, ! "EIEN,, IESDISHIEN, | P23t " Y745 4EISH*AGIQe!O™Y), 1#" Th!
ON, E$E")!="4$DG!=$+,-!,3E*2"E, 5! [ "3!RIVPJ! 22ISPPih! ~ ISHIEN, IESE™)!*-, "137-+,G, 5Tj!

ON, ID$3E.N7--*="4,137-+,G3I3NS [, SIEN"EIG"-531)$3E!" ] QI*45++*57 *)3ISQVEV ~ TI*45!K!3D, =*, 3!
SKi] ~ T!-,D-,3, 4B A" 41$+, - ") 2$-E"EGISHIL™ T fION, ID-$DS-Ex$4I$H!I4 "+, 17 4514$4 .47 E*+, 13D, =*, 3]
*4ID$3E.NT7--*="4,137-+,G3!I=N"4A,5!+,-GI)*E), IShKIL ~ 14$4.4"E*+,13D,=*,31" 451" JGV ~ 14" E*+, |
3D,=*,3M Z$[,+,-0'[N,4![,!"4")G;, 51N, )%, .%$-2ISHIEN, 137-+*+*4A13D, =%, 30 [, 1%$745!"!
J*A4Hr="4El- 57=E*SAI4IEN, 1472Y , - 1$hI*45*+*57 *)31=) 334+, 51°31) *-A, IN, -Y30I5, =-, "3*4Al-$21"""]!
*45%+*57)31SQLIR T TI*4IEN, ID-, N7--*="4,137-+,GIE$1273EIR] *45*+*57 ")IS"QIV ~ T!"4E, -IEN, IN7--*="4 !
ON*3!l-,57=E*$4! [ *312$3E)GI57, IESIN*ANI 2$-E°)*EG!- "E, 315, E, =E, SI$-IE[$IN, -Y!I3D, =*, 3 # &’
(&)&* &, &'S?$-E* ) ECIXIP]IK ~ TI&2*" A& & , $8+285&!1S?S-E* ) EGIX! ] 6P ~ TOIEN, 13D, =*, 31 [ *ENIEN,, !
N*AN, 3EI2$-E")*EG!- "€, 31*41$7-1G"-53!SO"Y), #"'Tilg , +,-EN, ) , 330! "%E, -1EN, IN7--*="4 0EN, 13D, =*, 3!
HEN&' (&)&*Hht&, &' [*313E¥))! "EIEN, IESDISHIEN, I 2$3E! " Y745 4EME))S L, 5IYGC! - +/+h, $%') 0%&1%t232%+%-"

Ot,$%'/32:88+2&-'456, 70%(3) 8&'8&,&)57$)++-1"45! ; 6 (%th'<$53%, 32%!Sh*AfIQe!0Y) , 1#" T <EIEN, !
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G"-5!),+, )01, !")3$!5,E,=E, 5! " I3*A4¥*="4E!- | 57=F*$4 41N, 1?2, 5*" 41+ )7, 14$-1 2 S3EISHIEN, I+°-*"Y), 3!
"33%=*"E,5IE$!+, A B EFB4I3E-7=E7-,1S0"Y), IQTEI#S 2, ISHIEN, 13E-7=E7-")1+"-*"Y), 3IEN"E!-, A*3E, -, 5!
3*A4¥r="4EN$33,3! [, -, ESE")I="4$DGC!=$+,-1SQIF] ~ )$33T0), "Hh!*-, *IS"KGP ~ 1)$3310!"45!), *hlY*$2 " 33!
SQQIQ ~ 1)$33Te! g $!3*A4H*="4EI5HHh, -, 4=,3I[,-,!$Y3,-+,5!4$-ICFZ0ID) "4EIN, *ANE0! "451Y " 3*)!* -, °!
SO"Y), QT ™N$$5!5,43%G!+")7,3Y,E[, ,4!13D,=*,3!-"4A, 5!4-$ 21 JILPIESIJVI Al=2301 Y 7E4$!
"338=*"E*$4! [ "3!5,E,=E,5!Y,EL, , 4! [$$5!5,43*G! "451E-, , 137-+*+")ISDI{ 1 J§JI ] TA!!

N4, 1=$2D"-, 5N, I5*3E-*Y 7E4 54 1%-, 7, 4=CIShI*45*+*57")31"=-$33IEN, |CFZ!I3*; , .=)"33, 3!
%$-1D-, . "45!D$3E.N7--*="4,137-+,G3014$!3*Ad**="4E15%, - , 4=, 3! [ ,-,'5,E, =E, 5!S=2Ix]iK] 0!5%!x R0!D!
XIJQILTHZS [, +,-013*Ad¥x="4EI15%% - 4= 3I[,-,!$Y3, -+, 5M$-1EN, %-,_7,4=GI5*3E-*Y 7TE*$4I$HIE-, , 3!
EN"E'L,-,!p5, "5q!$-1p")*+, q!S=?1x!Q" thP0!5%!XROID! | 18I0 L*ABIL TR, S 7A51EN"EEN, ID-$D$-E*$4!
$hp5, *5q*45*+*57")31 " 313*A4¥*="4E)GIN*AN, - *4IEN, IE[$!37? ")), 3EICFZI3*; , .=) "33, 3IS | I""]iQ!="2e!"!
X1.QIVOID! 183" T!-, ) "B+, IES!) "-A, -1$4, 3ISCFZI{1" ] iLI="2e!" "X ILF] 0D | 1J8I I *e!b*AGILTRION, I=-$ [ 4!
=$45**$41$0137-+,G, 51D) "4E3!5*3D) "G, 5! "15-" 2 "E*=I5, =)*4 , 14$))$ [ *4AIEN, IN7--*="4,315=2Ix!VIQh{P(!
ShIXIPOID! |1 JEJJ "e!b*AJIRTEION, 1472Y , - 1$h*45+*57 *)31*41 \=,)), 4ENIASSS0! " 451% " *-1=$45*E*$4!

,=-,"3,51YGIKQ ~0IV] " 1"45IVJ T 1-,3D, =E*+, )G EN®), IEN, 1472Y , - I$hI*45%+*57 *)31*41D$$-1 * 45!

== ") =845 $4 1 4= "3, KIYG! " %" =E$-ISHIEN-, , 1" 451" JI- 3D, =E*+,)GIS™N)=$\$4I3*A4,5.-"4>  5IE, 3E!
>Ix1"VELOID! |1 J8IJ el b*AIRTA! (4, 1 2$4EN! "HE, -IEN, IN7--*="4 ,0IhhiV ~ ISIEN, |-, 2 "*4*4AI3E" 45*4A]
D)"4E3! [*EN*4IEN, IG"-53I [, -, I3N$ [*4AI3$ 2, I$hI4S-2I$h!-, =+, -G!*4=)75*4AIEN, ID-$57=E$4!$%!4, [!
),"+,31"4514, [1Y-"4=N, 3!-,3D-$7E4Al-$213E, 231" 451E-74>3!!
!
Hurricane-driven changes in ecosystem services
N,4L,1°4%)G;,5!D-, . 1"45ID$3ENT7--*="4,3137-+,G3ID$$)*4AI5 "E* 1%-$217))1G*-530! [, 1$ 745!

- 57=E$430$-1")IEN, |, =$3G3E, 213, -+=, 31, +*)7"E, BIYTEIEN, 3, -, 57=E$431 [, -, 14$£14, =, 33" -4)G!
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N$?$A,4,$731"=-$3313,-+*=, 310N, ID, -=,4E1)$33!-"4A, 51%-$?1KIQ ~ IESIR™IK ~ '[*EN'EN, 1) *-A, 3E1"45!
37?77)),3E0)$33,3I$Y3, -+, 51$-1%$$5!D-$57=E*$41"451="-Y$413E$- A, I-, 3D, =E*+,)GISO"Y),, ILTiI <13*2%) " -
E-,45!["3!5,E,=E,5! [N, 41*45*+*57)IG"-5I5 "I [, -, 1=$43*5, -, 5ISb*Al] Tilb$-1EN$3, 13, -+*=, 3!
, 1) 7°E, 5N O-, , .8=80IEN, 1) "-A, 3E)$33,3! [, -, !5,E, =, 51*41"+$*5, 51- 748! " 45!D$)) 7E*$4!
-, 2$+")*AIYSENIEN, ID$$), 51S0"Y), ILTI"45IEN, *45++*57 )IG*-515"E* 1" 47)G3, 3ISh*Al ] Té!!
!
Species-specific differences in hurricane damage and contribution to ecosystem services
T,%$-, IEN, IN7--*="4 01N, 13D, =*, 3 [ *EN'EN,, IN*AN,, E!8#1*45 ,\1"45IEN, - 4i$- , | [*ENIEN, IN*AN, 3E!
=$AE-FYTESAIESISH, -, 4E1, =$3G3E, 213, -+*=, 3N [ "31#£&22+)3)&"12*+, &04$))S [, 5! YC!#H#SN&
(&)&* &, &01456, 70%(3) 8&'8&, &)57$) ! " 451 A&3N&< (+2+&'13) ) 3&!Sb*AlP " T{!8) , +, 413D, =*, 3!
*4=)75, 541N, I8#IESD.QJI! [, -, 13D, =*, 3I$UE, 41D) "4, 5! 3Iph$$5!13D, =*, 3! S $%&! 3DDINI A+5) $%! 3D D!
AN *1$8'?9&: &B&-'#&274i3)&'t2*+,&-'C2202&'8$)+, &5&-'43)%3&'&83)+, &28&-'C)50, &) ($%' &<H<th-"* 45"
A0,0%'2$,13)&TAI, 17)3$MS7A5IENEI3, +, 413D, =*, 3I*4IEN*3IESD. QI 8#!)*3EISA&3NE< (+2&'13) ) 3&-!
C)50, &) ($%'&5r<th-"A0, $%' 28, +i3) &-'453) 0, &) ($'+2*+, $%-'D, 730i<3) &'&) /0)+, 0<&-"#H & (+?7+&'
388&)?7+285&-'"45!E06%5023&")37+&T!"-, 13D, =*, 3IEN"EY, 3*5, IEN, *-1=$4E-*Y 7TE*SAIESIEN , I5%h, - , 4F!
,=$3G3E, 213, -+*=, 30 [, -, 4$ 745 ANS [ -, _7,4=CIS| ]*45*+*57*)3T1"=-$33!EN, |G "-53!ISh*Aj!Pel0"Y), !
#"'1"A5IHQTIION, 1Y*4$72*"))$A*3E*=1- | A-, 33*B4IE, 3E*4AI3D, =*, 312 $-E*)*EG! " 31 47 4=E*$AIBHI3E-7=E7-")!
+"-*"Y),31°45ID-, +*$73!=-$ [ 4!1=$45**$41G*,)5,5!" 1Y, JE.WEI 2$5, ) IEN "EI*4=) 75, 51$4)G!$4, 1+°-*7Y) Ul
CFZIS/*>,)N$$5!- "B $1="IxIQIRKQU (1x!JiQJIe!0"Y), IRTHION*3!2$5, )!=) "33*k*, 5IhQ ~ 1$H!="3,3!
=$--,=£)G!"45!,\D)"*4,5!QJfQ ~ I$h!+"-*"E*$4iIF"3, 5IS4IEN*312$5, JUIEN, 1)*>, NS$5!$HI5G*4A!
5,=-,"3,31J0KIE*?2 , 3N [¥ENI, "=NI*4=-, "3, 1*413E , 215*" 2k, -174*E3(!!
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DISCUSSION !

Hurricane-driven changes in vegetation structure and composition
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Hurricane-driven changes in ecosystem services
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Urban Ecosystems

I #30" (Range values (lowest and highest), median values, and paired Sign test evaluating
changes in vegetation structure and composition for 52 residential yards in San Juan. Asterisks
(*) indicates significant differences (p < 0.05) between pre- and post-hurricane surveys.

b BGRR) *0ht , —**. /" Ot ) 123+, =** /"' 0% 43"3.23./2%
5" U H§h28 6" 07% 8%9." 04 6"'07% 8%9."04 V323 zf;"-%e
Number of individuals 1-42 6.00 0-33 5.00 -5.66 p<0.001*
Number of species 1-21 3.50 0-19 3.00 -436 p<0.001*
Number of native species 0 - 11 0.00 0-9 0.00 -1.16 p=0.250
DBH (cm) 5.2-80.7 10.63 0-80.7 10.83 1.20 p=0.230
Plant height (m) 1.8—-19.00 3.84 0-19.00 3.87 0.70 p=0.486
Canopy cover (m') 1.3-5469  59.80 0-430.6 4285 -5.75 p<0.001*
Leaf area (m') 4.6-1,713.6 219.45 0-1,441.9 152.45 -5.75 p<0.001*
Leaf biomass (kg) 0.3-140.0 26.50 0-136.1  20.55 -5.75 p<0.001*
Leaf area index 1.2-6.9 3.18 0-5.9 2.87 -1.50 p=0.134
Basal area (m?) 0-2.9 0.00 0-2.5 0.00 -1.79 p=0.062
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1" #Mi<( Estimates for ecosystem services provided by 52 residential yards in San Juan and the
total percent loss estimated by comparing pre- and post-hurricane surveys using pooled yard
data. Services are arranged from higher to lower percent loss.

=/12>23%282%* ; ./%& YU, =FE /0% Y123, -+ /0% @N3i1228  ANESL22%
Food production (# plants) 227 132 95 41.9
Avoided runoff (m'/yr) 154.9 124.1 30.8 19.9
Pollution removed (g/yr) 25,082.6 20,154.1 4,928.5 19.6
Ornamental value (# plants) 262 221 41 15.6
Cooling effects (Kwh/yr) 6,081.1 5,285.6 795.5 13.1
Oxygen produced (kg/yr) 4,902.0 4,348.1 553.9 11.3
Carbon sequestration (kg/yr) 1,836.2 1,630.1 206.1 11.2
Carbon storage (kg) 29.914.8 27,165.1 2,749.7 9.2
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!

1" #§%B(¢Variables used in binomial logistic regression models to evaluate mortality as a
function of pre-hurricane values for vegetation structural variables and crown condition.
Variables included in the best-fit model are indicated in bold letters. The plant species with

n >10 included in the analyses were: Annona muricata, Citrus aurantifolia, Codiaeum
variegatum, Duranta spp., Dypsis lutescens, Ficus benjamina, Hibiscus rosa-sinensis, Mangifera
indica, Psidium guajava and Ptychosperma macarthurii.

5", 480 =23.2"M2% 4=t C" %'t 9N )& E9921*"3.1 FGALHI¢
& 4 & & d § ! $1J%*k - -%*t
Intercepté -1.985¢4 1.1976 2.7514 16 0.097 0.1374 & &
KLMIN/ 720k tP(Q"Q¢  P(PGRt B(<PBt Qt  P(P<Rt  P(RRS% P(TFe  P(FF<&
Plant height (m) 0.322 0.196  2.715 1 0.099 1.38 0.941 2.025
Crown condition “bad” 0.507 0.814 0.388 1 0.533 1.661 0.337 8.195
Crown condition “fair” -0.629 0.463  1.849 1 0.174 0.533 0215 1.32

!
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§
U.7-*%Q. Location within the Rio Piedras Watershed and the San Juan Municipality of the yards
used for pre- and post-hurricane surveys.
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U.7-*%" ( Frequency of 20 most common plant species found in San Juan yards for the pre-and

post-hurricane surveys.
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U.7-*%é<( Frequency of dead and alive individual plants in each of the five DBH size-classes
comparing pre- and post-hurricane surveys.
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U.7-*%B( Crow condition for individual plants comparing pre- and post-hurricane surveys.



Urban Ecosystems

&

&
carbon carbon avoided oxigen pollution cooling food ornamental
storage sequestration runoff produced  removed effect production value

Mean percent of change

§
U.7-*G( Mean percent of losses in ecosystem services provided by 52 yards in San Juan.
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U.7-*WS". Distribution of ecosystem services by species. a) Comparison of the top 20 species
with the highest relative contribution to multiple ecosystem services (ESI= ecosystem service
index) before the hurricane events. b) Percent of losses of ecosystem services for the top
contributors. Species are ranked according to the cumulative % of losses. Only species with
undergoing losses were included in this figure.
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