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INTRODUCTION

T h e b io logical an d  geological im portance  o f m an ­
groves in  coasta l environs is well recognized. These 
h a lophy tes  co n trib u te  leaf-fall to  m arin e  food-w ebs, 
ac t as sed im ent stabilizers, an d  serve as a  h a b ita t fo r 
q u ite  num erous organism s (O dum , 1971; C arlton , 
1974; W alsh , 1974). T hey  are consequently  o f co n ­
siderab le ecological and env ironm enta l significance. 
A ttem pts to  revegeta te coasta l areas th a t have becom e 
d enuded  o f  valuab le m angrove cover a re  also im por­
ta n t  env ironm entally  and  have involved tw o a p ­
p ro ach es: p lan ting  p ropagules (seedlings) o r tra n s ­
p lan tin g  o lder, established p lan ts  (Teas, 1977).

F lo rid a  has th ree  m angrove species: Rhizophora  
m angle  L . (R ed  M angrove), Avicennia germinans (L.) 
L. (B lack M angrove), and  Laguncularia racemosa  
G ae rtn . fil. (W hite M angrove). Rhizophora  seeds germ i­
n a te  o n  the  p a re n t tree and  p ro d u ce  pencil-shaped  ra d i­
cles. T hese p ropagu les b reak  loose fro m  th e  fru it, d rop , 
an d  ta k e  ro o t— or float off w ith  the  tide  and  becom e 
estab lished  elsewhere. Avicennia  p roduces lim a-bean- 
shaped  fru its  and  the  developing seedling  rem ains 
inside un til the  fru it reaches the substra te . T he pear- 
shaped  fru its  o f Laguncularia  also  fall from  the  p aren t 
tree  before p ro d u cin g  roots.

Rhizophora  p ropagules have been p lan ted  in  F lo rid a  
a t  T am p a  Bay (A utry  et al., 1973), S araso ta  Bay 
(Savage, 1972), C h arlo tte  H arb o r (Teas et al., 1975), 
an d  D ry  T o rtu g as (D avis, 1940). P lan tings have been 
placed  beh ind  rubb le  or o th e r p ro tective structu res to  
p rev en t w aves from  w ashing o u t seedlings. T ra n s­
p lan tin g  o f established p lan ts (0 .8-1.5 m high) has also 
been successful, yielding m ore th a n  90%  survival and  
g ro w th  (G ili, 1971; Pulver, 1976), b u t b o th  m ethods 
‘have p ro b lem s’. M o st repo rts  ind icate h igh  seedling- 
loss even th o u g h  th e  p lan tings are su rrounded  by a 
p ro tec tive  s tru c tu re ; it  takes from  tw o  to  fo u r years fo r 
surviving p ropagu les to  estab lish  them selves. R em ov­
ing m angroves from  a  stocking  area  m ay dam age the

rem ain ing  stock  by extensive d istu rbance. C osts fo r 
b o th  techniques m ay also be prohibitive.

A  th ird  technique, air-layering, has been success­
fully a ttem p ted  on  St Jean  K ey, P inellas C ounty , 
F lo rida . A ir-layering is a  com m only-used h o rticu ltu ra l 
techn ique (H a rtm an  & K ester, 1975) in  w hich sho rt 
sections o f b a rk  an d  ph loem  are  stripped  to  th e  cam ­
bium , th e  exposed a re a  being  w rapped  w ith  Sphagnum  
m oss and  alum in ium  fo il to  re ta in  m oisture . R oo tings 
from  air-layering are  o f m o d era te  size, w ith  developed 
w ood, leaves, an d  branches. L ayers (shoots) m ay be 
rem oved from  p are n t p lan ts  an d  p lan ted , elim inating  
the  tw o -fo u r  years necessary fo r p ropagu les to  reach  
a  sim ilar size. P ulver (1976) briefly sum m arized 
lim ited  air-layering a ttem pts, w ith  success only in 
Laguncularia, an d  suggested th a t th is  techn ique be 
pursued , as it  w ould  g rea tly  reduce or elim inate 
dam age to  m angrove com m unities because it is u n ­
necessary to  rem ove stock  p lan ts in  its opera tion . 
R ecent studies (W oodruff, 1970; R ehm , 1976) have 
show n th a t a  num ber o f insect and  crustacean  pests 
a re  responsib le fo r w idespread  dam age to  p rop - 
roo ts, radicles, an d  seedlings. A ir-layers bypass these 
problem s initially , a lth o u g h  ad u lt p lan ts  m ay becom e 
infested eventually. T his p ap e r rep o rts  fu rth e r  results 
o f ro o t p ro d u c tio n  by air-layering  in  F lo rid a  m a n ­
groves.

MATERIALS AND METHODS

Rhizophora mangle, Avicennia germinans, and  Lagun­
cularia racemosa, o f  v arious heights, w ere selected 
a long  S tate  R oad  693 on  S t Jean  Key, F o r t D eS o to  
C oun ty  P ark , P inellas C oun ty , F lo rid a , during  A pril 
1977. A girdling ap p a ra tu s , designed to  cut th ro u g h  
the  b ran c h  to  the cam bium  layer, was construc ted  to  
m a in ta in  un iform ity  o f girdles. G ili & T om linson  
(1971) rep o rted  no  reg ro w th  o f R . mangle b ranches 
g rea ter th a n  2.5 cm in  d iam eter. Based on  these d a ta , 
we used branches o f less th a n  2.5 cm  d iam eter. B e­
cause o f th e  ease o f b a rk  and  cam bium  rem oval,
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Laguncularia racemosa  was th e  m ost su itab le  fo r 
girdling, fo llow ed by R. mangle and  A . germinans.

Layers w ere p laced  in ternodally  if possib le; how ever, 
som e m ay have inc luded  ad jacen t nodes if in ternode 
leng th  was less th a n  the  w id th  o f the  girdling ap p ara tu s . 
S phagnum  m oss was soaked  in  distilled w ater and  
app lied  to  b ran ch es to  su rround  the cut. A lum inium  
foil, cu t in to  squares o f approxim ately  15 X 15 cm, 
was w rapped  aro u n d  the S phagnum  and tied  a t th e  
ends w ith  p lastic  stretch-tape (Fig. 1). Tw enty-tw o 
Laguncularia, 19 Avicennia, an d  18 Rhizophora, trees 
were air-layered  (5 air-layers p er tree). Layers were 
checked fo r signs o f ro o t grow th , and fo r leaf and  
b ranch  senescence, a t  intervals o f 15-25 days.

Fig . 1. M angrove air-layer (R hizophora mangle) wrapped 
with aluminium fo il. Arrow  indicates protruding root (ca Vs natural 

size).

RESULTS

R o o t g ro w th  w as observed from  late Septem ber 
to  early  O ctober, five to  six m onths after the  p lan ts  
w ere layered . N o t all experim ental specim ens h ad  
roo ts, b u t sw elling on m any u n ro o ted  branches 
ind icated  possib le ro o t in itiation .

R o o tin g  success was h ighest in R . mangle (39% ), 
follow ed by L. racemosa  (35 %) and  A. germinans (6 %).

Rhizophora  ro o ts  w ere longest, o ften  p ro trud ing  
th ro u g h  the  alum in ium  foil (Fig. 1). Avicennia 
germ inans an d  L . racemosa p roduced  sm aller roots, 
w hich occasionally  filled th e  S phagnum  b u t d id  no t 
p ro jec t beyond  th e  foil. C allus fo rm a tio n  was ob­
served in  45%  o f  the  R . mangle air-layers, 20%  of 
A . germinans, an d  15 % o f  L . racemosa, w hich h ad  no t 
p roduced  roots.

Rhizophora m angle roo ts  appeared  firm , w ith  good 
co lour, and  often  had  sho rt secondary  roo ts  extending 
from  the  m ain  ro o t  (Fig. 2). Som e A . germinans air-

F ig . 2. R hizophora  m angle primary roots and short secondary 
root (arrow) (ca natural size).

layers had  clusters o f roo ts  com ing off th e  stem  at and 
above the  layer site (Fig. 3). Laguncularia racemosa 
p roduced  several roo ts and num erous roo tle ts along 
m uch  o f its length (Fig. 4).

DISCUSSION

M angrove res to ra tio n  a ttem pts have historically  
relied  u pon  th e  un certa in  success o f  p lan tin g  p ro p a ­
gules o r tran sp lan tin g  older specim ens. B oth  o f these 
p rocedures can  be costly, tim e-consum ing, and  have 
undesirab le  side-effects on accessory vegetation . The
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F ig . 3. A vicennia germ inans with root development (ca 

natural size).
F ig . 4. Laguncularia racem osa roots and rootlets (ca natural 

size).

results rep o rted  by Pulver (1976), an d  o u r early 
findings, in d ica te  th a t air-layering m ay be a  possible 
so lu tio n  to  these problem s.

A ir-layering  a t the beginning o f th e  ra iny  season in 
F lo rid a  (M ay -Ju n e) assures exposure to  h igher 
hum id ities an d  tem peratu res, and  decreases loss o f 
m o is tu re  fro m  the  Sphagnum . M oistu re  re ten tio n  is 
very im p o rtan t, apparen tly  being a  lim iting  fac to r in 
roo tin g . T o o  m uch w ater, how ever, m ay lead to  
ro ttin g  (funga l/bacte ria l infection) o f the  w'ood and  
d ea th  o f the  b ran ch  beyond the  w ound.

T h e  specific n u m b er o f air-layers w hich a  m angrove 
tree  can  m a in ta in  has n o t been determ ined . A b o u t 
th irty  air-layers can  be established in  a n  h o u r, based 
on  o u r experiences on  St Jean  Key. A n  air-layering 
(g ird ling) knife can  be m ade fo r less th a n  $2, or 
pu rch ased  fo r ab o u t $15. E stim ated  costs fo r m aterials 
an d  la b o u r  per 1,000 air-layers is approx im ate ly  $150.

L ittle  if any  serious dam age should  occur to  m an­
groves w hich rem ain  after air-layers have been rem oved. 
Several stud ies indicate th a t p run ing  o f b ranches is 
n o t detrim en ta l to  m angrove trees (Savage, 1972; 
C a rlto n , 1974; Pulver, 1976). L ateral buds th a t are 
p resen t on  th e  branches should  expand  and  replace

leaves and  b ranches w hich  are lost th ro u g h  air- 
layering.

P relim inary  in fo rm ation  ob ta ined  from  this study 
w arran ts  fu rther experim en tation  w ith  air-layering 
o f  m angroves. V ariables such  as type o f w rapping  
m ateria l (alum inium  foil vs p lastic), ad d itio n  o f roo ting  
horm ones, and w hether p lan ts  can  be p lan ted  directly  
in to  the  m arine  env ironm ent o r need first to  be sto red  
under m ist conditions, are b u t a few tests to  evaluate 
the  usefulness o f this new ap p ro ach .
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