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Abstgact . Manipulative experiﬁents were doné and detaib4§> i
descriptive data were gathered on a Panamanian fringing reef to LR

‘élucidate the fragmentation strategv of Acanthophora spicifera. .
From 1 February 1979 to 31 March 1980, more than 339 kg (d wt), of
A. spicifera were broken off and removed from 1.32 ha of reef flat. o
A. spicifera was the major algal contributor to the drift biomass when
‘the drift biomass of 4 species was standardized to g square meter of -

* reef and expressed 48 wet welghts, .

Measureménts of frond survivorship showed. that A. spicifera =y
constantly gave rise to fragments in the wave zone (Laurencia Zone)
which wére recruited into the more sheltered areas (Acanththora and v
" Thalassia Zones, . gélonization tates were recorded as high ag
15 fragments m "< d during the wet and dry seasons., Wave-action”

« determined the number and size of fragments’produced in the fore reef}
however, the recruitmedt of fragments was alsd affected by the amounts
and types of substrata, and. the fore-reef biomass and growth form of
- A. spicifera, .

* More fragments of A. spicifera were recruited intb the -Acanthophora R
Zone than into the Thalassia Zome. Higher current velocities dpcreased

the aﬁility of free-floating fronds td snag, and increased their -~ ¢
distance traveled before snagging in the back reef. In the Acanthgghoré

Zone 25 7 - of the snagged -fragments had greater thdﬁ 3 days to attach to
substrata. A. spicifera required less than 2 days to attach to .
L. Eagillosa or to another frond of A. sgicifera and 1és3 than 4-~5 days.

To attach to Porites~rubble or Thalassia testudinum. From the estimated
size of the Acanthophora Zome, the distance used by a fragment to snag,

and the time needed by a fragment to attach, it was found that fragments

of A. sgicifera that enter the Acanthqphora ZOne had between a 49 % and

93 ¥ chance of successfully recrulting. . !
K Aerial exposures of the reef flat were most frequent in’ May—June

and Septemtber—0ctober. In the Laurencia Zone, 38 consgputive days of ~
daytime "exposures were recarded. No expesure period lasted longer than

. 18 hpu;s» Single fronds of L. papillosa tolerated longer periods of -
aeridl exposure (30 min) than ‘those of A. spicifera (15 min).

Aggregates of /L. papilldsa fronds survived aerial exposures lasting fivé
hours. By growing among fronds of L. papillosa, A. spicifera survived -
severe aeria eggosures. Also,.the spatial partitioning of *
photosynthetic activity‘in' A. sgicifera allowed the holdfast to function

as a persistent stage dun;ng periods’of aerial exposures when uprights
were’not ‘maintained. At night, 12-hour aerial exposures*lnjured

A. sBicifera reducing the photosynthetic capacity of fronds® as much as

-827% when return to light.

As wave exposure décreased, thelabundance and ‘spatial distribution . .
of A. spicifera and L. EaEillosa increased. TIn areas of “Intermediate’
wave exposure, A. spicifera overgrey and reduced the growth of nearby
L. papillosa, but the duration of Acanthophora overgrowth was short - .
betause of increased wave induced losses of fronds. L. papillosa then
_overgrew A. spicifera. A'resistant holdfast prolonged the survivorship
‘of As spicifera when it was overgrown by L. Eapillosa until the’
overlying L. papillosa wag removed by aerial exposures. In the
shaeltered areas, dense concentrations of Ao 5 icifera developed with
sufficlent longevity to exclude a2 illosa rom areas where -
A. sfiicifera was most Sbundant, ine balance of adaptations between -
commuplty disturbances and population interactions maintained the ’
frdagmentation strdtegy. 3 N
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Study site at. Galeta Point, Panama. - P

*

The reef fiat at Galeta Point Panama (from Birkeland et *
alog 1973)- * . . o !

- o <.
[

N v
1

Biotic zones of the reefpflat at Galeta Point, Panama
- (from Birkeland et al. 1973). ~Arrows indicate the
. direqfion of water motion. o A i .

Morphelogy of A. spicdfera and L. papillosa. Determinate
- branches = branches of a smaller, more uniform size. (A)

A. spicifera, jpar length = 3.8 'mm; (B) L. Eagillosa, bar

1ength = 2,8 mm; (C) Spineless Branches ofs A. spicifera,

bar length'= 1n6 mm.
Fertile cystocarpic and tetrasporic plants of
A. sgicifera‘ (4) eystocarpic plant, bar length ="13 mm;
(B) tetrasporic plant, bar ‘length = 17 mm. .

b ~ h -
Station” locations on, Galeta Reef, Panama N-no. = Drift
Net; @ = Tide Gauges' C-no, = Colonizatfon Station
(Thalassia Zone); Bm = Biomechanic Study Area; °
Ph = Phenology Transects []1 = Border to Laurencia or
Acanthophora Zone Biomass. Stations' ————w = Prift Biomass

Transecks; = Temperature and Growth 3 J

Stations; @\=‘Solarimetry Senbor' = Exposed Station;

ME = Moderate)} y—Exposed Station' = Sheltgred Station;

BR =. Back-Reef Station; Acanthophora Zone Station;

Tr = Thalassia-rubble Station, and Th = Thalassia Zone

Sta;ion. ) . . . . .
. . \

‘A‘construction diagram of the wave force dynamometer
modified from Denney (1983). (A) Top view with the btop
plate removed tb show the .slider,and tubber bands. ,
Dashed circle shows ‘the positioﬁ/af/ﬁﬁe hole cut imd the
lower plate through which! the scriber extemds; dotted’
lines show the position of the.grooves in the base of the
, slider and in the housing base. (B) Side view of a
section made through the line a=-—--a in panel A.
+ Transect nuﬁbers and X,Y coordinates used in the
Reef-Biomags Study. Fach mark indicatés a location of
« biomass sample (February 1979 to March 1980). .

QJ;ift Sampling Net.’ (A) Close-up of the permanently ",
. fixed net (0.91~m high X 0.46~m wide) and the removable
nylon bag; (B) Two nets at high water.

L4

]



Figure 10.

Figure 11.

3

v

Figure 12.

Figure 15.

©

* Botanieal and Strahler Methods of numberiné‘branches in a

branching system. 1 = lst=order branch, 2= 2nd-order
branch 3 = 3rd-order branch, & = 4th—order branch,
1a;;gfirst lst-order, branch; 1b = sdcond fst-order
branch; le = thifd lst-order branch; 2a = first an—order
branch on the: first lst-order branch; 2h = second- .
2nd-order branch on the first Ist—order branch; and .,
2c = first 2nd—order branch on the second lst—order
branch. ¢ J

.
) ¢ .

Mechanical Measur;;ents of Breakage. Position of algal
attachment “fo pendulum balance when measuring the force
required tqtﬁiuse breakage of: (Fl) the main axls near
thé holdfast’? (F2) the main axis; (F3) the branch nodé
when, the the distal,ends of the main axis and branch are
secured and (F4) tﬁe branch node when the holdfast and ,
the,diétal end of the branch were secured.

LI

Illustrated usage of vexar netting and foam padding to
r fragments of A. spicifera.with different substrata.
e percent attachment (1.e., the’ physical Eonding of two
species) was noted each day from 40 plants of

A. sEicifera paired with A. spicifera, L. papillosa,

T testudinum, and Porites-rubble, Bar 1ength 33 mm.
Mbnthly maximum and minimum temperatures within the -
Acanthophora and Laurencia Zones {June 1979-80).

Thermometers were secured into pools at 0.5 m depth.

(o) Acanthophora Zone~ ( 6 9 Laurencia Zone." . ;
Zcan-oplere _—— .

Solar Irradiance at Galeta Point, Panama (Janwary-1979 to

March 1980). Data were provided by J.D.’ Cubit,

D. Windsor, and J. Thompson as part of the  environmental

monitoring data from Galeta Point, Smithsonian

Institution Environmental Science Program, S. T.R.I.

Vertical bars Indicate + the standarg deYiation. éll

values were converted from g cal cm to j cm .
- d
v 4 *

Daily Tidal'Elevation Range at Galeta-Point, Panama
(February 1979 to March.1980). Exposure in the air of
the Laurancia Zode occurred at tide gauge elevations of
below 0.30 m while those, below 0.24 m exposed the

Acanthophora Zone. Data were provided by J.D. Cubit,

D. Windsor, and J. Thompson as part -of the environmental
monitoring data from,Galeta Point, Smithsonian .
Institutiou Environmental Science Program, S.T.R.I.

]
a

&

[ -

B
T

-



5N

Figure 17.
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" Figure 18.
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Figufe 19.
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Figure 20.
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The frequency of urengia Zone exposuree in .the aif at

* Galeta Point Panama ( 1979, f!BO and 1979~80 poele

~

“

data). ‘Tidal elevation data were provided by JeD. tf
‘D Windsor, artd J. Thompson as part of the” environmental
monitoring gzdata from Galeta -Point, Smithsonian’ .
Instisuti nvironmental Science Program, S. T.&OI. !

: v
Daytime and &?ghttime Aerial Exposures (h mo ) of the
Laurencia Zonesgt, Gaieta Point, Panama Cl9}9—80) Tida¥
elevation ddta were provided by J.D. Cubit D. Windsor,
and J. Thompspn as part of the envirdnmental monitoring
data -from Galeta Point, Smithsonian Imstitution . ’
Eny¥'ronmental Science Program,QS T.R.I. . ~ .

2 e .

'Daytime and Nighttime Aeria ‘Exposures (h m0~w ef the
Acanthophora Zone at Galeta Point, Panama (k6§ %O)

Tidal elevation data were provideé by JD. Cubit,

D. Windsor, and J. Thompson as part of the environmental
monitoring data from ?aleta Point, SmIthsonian ¢
Institytion Environmental Science Program,” S.T. R.I. ’°
Maximum force exerteﬁ by waves on 2.54~cm diameter sphere’
at the Exposed, Moderately-Exposed, Sheltered and . e

Back-Reef Stationg (29 November to 9 DecemBer 1981 )4 ',‘

( ® ) Exposed Station; ( o ) Mbderately—Exposed Station;
(A) Sheltered Statian, (a) Back-Reefu Statibne

v "
Mean veIocity of water measured relative, to incoming
waves at the Exposed, Moderately—Exposed Sheltered, and
Back-Reef Stations (1 December 1981).  Bar lengths
(vectors) iegicate the mean ‘velocity and direction of

water, Current velocities at eagh station were measured
over a 15-mi, ‘period during moderate dry-season*

conditions. - . .

£ ° r
Mean velocity of water measured relative to incoming waves+ r' *

at' selected locations on the reef flat at Galeta Point,
Panama (5 December 1981). Bar lengths (vectors) indicate
the mean velocity and direction of water. Lurrent Yo
velocitiea at each'station were measuréd over a 15-min
period during moderate, dry-seagon cond'itions. Spill-—off
= A location where ‘large volumes of water are channeled
off the reef flat. . ) .

The distribution of A. spicifera and L.’ gagillosa
relative to reef elevation at the ‘Exposed, ,
Moderately—Expoaed, and ‘Sheltered Stations.. Elevations
are expressed relative é5h\§de gauges at Galeta Point,
Panama (September 1981) = A, spicifera; .
Lp = L. Eagillosa, Tt = T, testudinum. .

,
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ﬁ:?fg;re 23. , Spatial dﬁstribution of A. spicifera on the reef flat at

' Galeta Point, Panama. Pooled data from Reef-Biomass |,
Study (Februdry 1979 to March 1980). Each mark, indicates S
4 location of a biomass sample containing A. spicifera.

-

N

Figure 24. ,Spatial distribution of L. papillosa on the reef flat af ~°
~ . Galeta Point, Panama. Pooled data from Reef-Biomass , . -
Study (February 1979 to March 1980). Each mark indicates *
é " A . .
f Tocation of a biomass sample containing L. papillosa

a

s, . T »
Figure 25. Distance in meters along Reef~Biomass Study and
: WavezExposure Station transects occupied by A. spicifera. , -
. . Pooled data from Reef-Biomass Study (February 1979 to

March 1980) and Wave—Exposure Stations (September 1981),
E =!Exgpsgd Station; ME = Moderately~Exposed ,Station; -
S = Sheltered- Station. o r N

v
o

. - . Ve
Figure 26. Sbltial distribution of T. testudinum om the reef flat at
S “Galeta Poigt, Panama. Pooled data from Reef-Biomass
. Study (February 1979 to March 1980). Each wark indicates
. . a location of a blomass sample containing I. testudinum.

-

Figure 27.

@

Seasonality of A. spicifera biomass in the Laurencia and
Acanthophora Zones (February 1979-80). Vertical bars
indicate + or — one standard deviation from the mean.
n = 100 for“each point in the Acanthophora Zone ( e ):
n = 50 for each point in the Laurencia Zone ( o ).

* “ ' -
Figure 28, Sampling area of each net collecting, drift biomass. In >
different sea conditions, marked tags (45 mm” pleces of
Surveyor’s Tape) wére released along two tramsects at
predetermined locations. Tags collectéd by the nets
d?fined the sampling areéa.

I3

Figure 29. Total Biomass and A. spicifera Biomass collected in drift
e nets (1 February 1979 to 31 March 1980). Five
permanently fixed, nets (0.91~m high X 0.46~m wide)
continuously sampled drift as it was removed by a
) » unidirectional current from the reef flat. .
. . / ]
Figure 30. Biomass of A. spicifera and L. papillosa removed from the

. . reef flat at Galeta Point, Panama (1 February 1979 to
. 31 March 1980). (A ) L. papillosa; ( A ) A. spicifera.

Figure 31. Biomass of A. spicifera and L. Eagiilbsa removed from the
reef flat of Galeta Polnt, Panama, wi®n the drift biomass
‘. of a specles was standardized to a square meter and '

expressed as wet welght (1 .February 1979 to 31 March

3 . 1980), (A ) L. papillosa; ( & ) A. spicifera.
v ) S ,
. N .



Figure 32.

-"Figure 33.

Figurq‘34.

Figure 35.

-t

Figure 36.

xii

-
>,

.

Seasonality of A. spicifera growth in the Acanthophora

and Laurencia Zones.* All fragments were collected from ‘
the Laurencia Zone. Vertical bars indicate + one |
standard deviation from the mean. = 40 for each’ point.

A, spicifera Braniﬁ Compactness. Distance from the
holdfast to the lst—order branches and the distance from
the main Axis to the first 2nd-order branch, Fgonds were
collected in the Laurencia Zone ( © ) at the
Moderately-Exposed Station and in the Acanthophora Zone
(e ) at the Back~Reef Station (October-November 198
Vertiéal bars indicate + 95 % confidence intervals.
la = first lst—-order branch' 1b = second lst-order . -
‘branch; l¢ = thimd lst-order branch; Za = first 2nd-order
{ branch on_ the first lst~order branch; and 2¢ = first s
2nd-order branch on the second lst-order branch: "

A. s icifera Branch Compactness. The mean. length of the
Ist-order branches and of the first 2nd-order branches.
Fronds were collected:in the Laliréencia Zone ( ¢ ) at the
Moderately~Exposed Station and in the Acanthophord Zone

( ® ) at the Back=Reef Station (October—N®vember 1981).
Vertical bars indicate j;95 % confidence intervals.

la = first lst-order branch; b = second lst-order
branch; le = third lst—order branch; 2a = first 2nd—~order
branch on the first lst—#rder branch; and 2¢c = first
2nd-order branch on the second lst-order -branch.

v

A. spicifera Branch&ng Complexity. The percentage d&f
fronds found with lst—, 2nd-, 3rd-, 4th=, and 5th-order
branches and the mean number of branches at each order of
branching. Vertical bars indicate + 95 7% confidence {
intervals. n = 99 fronds. Fronds were collected in the
Laurencia Zone ( o).at the Moderately-Exposed Station
and in the Acanthophora Zone ( ® ) at the Back—Reef
Statian (October~-November 1981).

L. Eagillosa Branch Compactness. Distance from the
holdfast to the lst=order branches and the mean length of
lst—order branches. Fronds were collected in the
Laurencia Zone ( © ) at the Moderately-Exposed Station
and in the Acanthophora Zone ( ® ) at the Back-Reef
Station (October-November 1981)., Vertical bars indicate
+ 95 % confidence intervals. la = first lst-order
branch; ib = second 1lst-order branch; and le = third
Ist-order branch. ba
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Figure 37, L. papillosa Branching Complexity. The percentage” of
fronds found with lst-, 2nd-, 3rd-, 4th-, and Sth-order
branches and the mean number of branches at each order of _
branching. Vertical bars indicate + 95 % confidénce
infervals. = 99 fronds. Frondswere collected in the

. Laurencia Zone (o ) at the Moderately-Expoged 'Station |
and in the Acanthophora;Zone ( ® ) at the Back-Reef
Station (October-November 1981).

3
3

Figure 38. A.-spicifera: The frequencies of lst—order branches of
o different size classes (Strahler Method) in the

Q

Acanthophora and Laurencia Zone (October-November I981).~’

‘Figure 39. L. papillosa: The frequencies of lst-order branched of
° different size classes (Strahler Method) in the

}*u ' . ‘Acanthophora and Laurencia Zone (October-November 1981).

12

Figure 40., Mechanical Measurements of Breakage. Scatter diagram of
‘ the mass (weight) required to break & cross—sectional
, ~ area of A. spicifera.” Force was applied on the main axis
near 'the holdfast ( A ), at a branch, node when the
', holdfast and the branch were secured ( ® ), and at a
s ) branch node when the distal ends of the main axis and .
.. branch were secured { © )« n = 50 for each fracture*
. : , location. . : s
.\ ¢ » (‘*
Figure 41. Mechanical Measurements of Breakagé. Scatter diagram of
\ ) the ‘mass (weight) required to break the main axes of
x ' A. spicifera ( © ) and L. papillosa ( #:). n = 50 for
‘ . each fracture location. : .
s LN )
Figure 42, . Numbers of fragments of different sizes of A. sEicifera
L o formed when transplanted into the Lauréncia Zone during
' calm and moderate sea conditions. Arrows indicate the
median fragment size.
.- " o
Figure 43, - Depletion curves of A. spicifera at the Exposed
Sheltere& and Back-Reef Stations’ (19 September to 31
. October 1981 [wet season]): At each station, two groups
of twenty fronds were tagged and noted for their pregence
« ' or absence at 3~ and 4rday intervals. (A-B).Exposed
Station, (¢c-D) Sﬁ"Ttﬁred Station; (E~F) Back-Reef
<, Station. ’

a Al

Figure 44. - Depletion curves of A. spicifera at the Exposed,

+ Sheltered, and Back—Reef Stations (4 November to 16
.December 1981 [dry season]). At each station, two groups
of twenty fronds ‘were tagged and noted for their presence
or absence at 3- and 4-~day intervals. (A-B) Exposed

. Station; (C~D) Sheltered Station; (E~F) Back—Reef
. Station. T ) .
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~ . Figure 45,
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Figure 47.
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Figure 48,

-

N

Figure 49.

)

- ,, -Figure 50.

s

» X - . . Xiv 1

¢ $
Numbers of tagged fronds lost per 100 fronds per day at
the Exposed, Sheltered, and Back—-Reef Stations
(19 September to 16 November 1981). ‘At each Station, at
least forty fronds were tagged and noted for their
presence or absence at 3- and 4-day intervals. Missing .
tags were replaced. (A ) Exposed Station; ( o ) o
Sheltered Station; ( e ) Back~Reef Station. 4

Parceht cover of A. spicifera at ‘the Exposed and .
Sheltered Stations (22 September to 16 “December 1981).
At the Back-Reef Station, the percent coverage remained
at’ 100%Z. Vertical bars,indicate + the standard error.
n = 80 for each point. ( o ) Exposed Station; (-e )
Sheltered Station. s -

Percentage of fertile tetraseoric plants of A. spicifera
in the Paurencia and Acanthophora Zones (January 1979 to
February 1981). Four plants of A. spicifera possessing -~ -«

mature cystocarps were collected in the Laurencia Zone in - »
October 1979. Vertical bars indicate + the standard Sty
deviation. = 6 groups of 30 plants for each point.

(o) Léurencia Zone; (o ) Acanththora Zonee.

Mean number of fragments of A. sgicifera settling in the
Acanthophora Zone (9 September to 22 October 1979 [wet

season]; 21 January to 6 March 198} [dry season]). 8ix

plots (0.3 m X 0.5 m) were chosen randgmly and cleared &f oy
Acanthophora plants to expose a Laureﬁzﬁa understorey.

Around each plot, a, border of 0.3 m was similarly cleared

to serve as a huffer zone. Vertical bars indicate + the ' °
standard errer. . : L !

Mean size (length) of fragments of Av*picifera settling

in the Acanthophora Zone (9 Septémber to 22 October 1979

[wet s€ason]; 21 January to 6 March 1980 [dry geason]).

Six plots (0.3 m X 0.5 m) were chosen randomly and

cleared of Acanthophora plants to xpose a Laurencia
understorey. Around each plot, a Porder of 0.5 m was ¢
similarly cleared to serve as a byffer zone. Veytical

bars indicate + the standard dev ion. N
#

Numbers of A. sRicifera fragments of different s ze- .
classes settling in the Acanthophora Zomne (9° Septiember  to .
22 October. 1979 [wet season]; 21, Jandary to 6 Marlch 1980
[dry season]). Six plots (O. 3 m X,0.5 m) were chbsen

- randomly and cleared of° Acanthophora plants to expose a -

Laurencia understorey. Around each plot, a border of
0.5 m was similarly cleared to serve as a buffér zone.

¢
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Figure 51.

Figure 52.

Figure 54.

: Figué 55.

Figure 56.

),
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Percent’ Attachment (i.e., the physical bonding of two
individuals) of A. spicifer? with another frond of
A. spicifera, L. Eagillosa,_zi testudinum, and

Porites—rubble. Each pelnt represents 40 speci%s pairs.
—

Seasonglity of L. papillosa biomass in the Laurencia and
Acanthophora Zones (February 1979 to March 1980). N
Vertical bars indicate + or - one standard deviation from)
the meah. n 100 for each point in the Acanthophoxa
Zoe (o ). = 50 for each point in the Laurencia Zome

®

(o). .

Mean rate of apparent photosynthesis and respiration of
A. spicifera fronds after different aerial exposure and
recovery periods. Fronds used as.controls were not o
exposed in the air. Vertical bars indicate,+ the
sta?dard deviation. .n ="15 for each point.

Changes in the rate of apparent photosynthesis of of

A. spicifera and L. papillosa "individuals" after a
30-min exposure in the air and a 24~hour recovery period.
Aerial exposures began at midday on a partly cloudly day
(50 Z cover). Also shown, is the percent reduction in, °
apparent photosynthesis. Vertical bars indicate + 95 %
confidence intervals. = 12 for each point,

C = Control; Exp = Experimental.

L 3 v

Nighttime Aerial Exposures A. spicifera mats were
» coliected from the field and either placed into seawater
tanks (control) or just_above water level oA the reef
flat (experimental treatment). After~12 hours (1500 to
0700 h), fronds from the experimental treatment wepe
return to seawater and allowed to recover for 24 hours.
All fronds were then méasured for for apparent
photosynthesis. In the experimental treatment, fronds
were further divided into partially and severely
desiccated; severely desiccated fronds wepge black and
dehydrated when removed from the field, while partially
desiccated fronds appeared normal. Vertical bars
indicate + 95 % confidence intervals. N =10 for
experimental treatments. n = 6 for controls.
C = Control; Exp = Experimental. i
Changes in the mean rate of apparent photosysnthesis of
L. Eagillosa fronds growing as "individuals (separatéd
from 'aggregates™) or as "aggregates" when subject to
different periods of aerial exposure. Fronds yged as
controls came from the same "aggregate" of L. pamillosa
but were not exposed in %he air. Apparent hotosy hesis
was measured after a 24 hour recovery perio . Verticfl
bars indicate + the standard deviation. ff 7 12%or the
contrgl. n = 6 for each point in the expeyimental
treatment. .

.
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Figure 57.

Figure 58.

Figure 59,
* ¥

-

~

Figure 60.

)

Figure 61.

'Figuxfe 62./1

/ N
’ ’

Figifeg63.(

<
~

,Mean rates of apparent photosynthesis and respiration of
holdfasts and uprights of A. spicifera. Also shown, is
the percentage decrease in : apparent photosynthesis a
respiration. Vertical: bars indicate +95 % confiden
intervals. n = 12 for each point. ¥ = Uprights;

H = Holdfasts. ‘

. Reef Biomass, Percent Occurrence, and Species Richness at

-

the Wave-Exposure Stations: (a) biomass and percent

occurrence of L. gagillosa in the Laurencia Zone R

X + 95 7 CI); (b species yrichness in the Laurencia

* Zong; and (c) A. spicifera and, L. Eagillbsa biomass in

the "center of distribution" of . A. spicifera (i:t Sg).
E = Exposed Stationj* ME = Moderately-Exposed Station;
S =, Sheltered Station. ‘

LY

3
. »

Biomass.of A. spicifera and L. |papillosa in the "center
of distribution” of A. spicifera at the Exposed,
Moderately«Exposed, and Sheltered Stations. Vertical -
bars indicate ,+ the standard deviation. n = 20 for each
point. Exposed Stationm; ME = Moderately-Exposed
Statton" Sheltered Station. “ Y

s e

The.ratio of the biomass o@ A. spicifera to total biomass
plotted against total biomass. Solid lines defined the
scatter of point at the Exposed Station, while the dashed
lines and shaded area, defined the scatter of points at
the Sheltered.Station. n = 20 for each station. ( © )
Expbsed Station; ( @ ) Moderately-Exposed Station; ( A )~
*Sheltered Statiom. .

1 » )
The ratio of the biomass” of L. papillosa to total biomass
plotted against total biomass. Solid lines defined the
scatter of points at the Exposed Station, while ‘the
dashed lines and shaded area defined the scatter of
points at the Sheltered Station. .n = 20 for each
station. ( 0:) Exposed Station; ( ® ) Moderately-Exposed
Station; ( A ) Sheltered Station.

. ~

Mean rate of apparent photosynthesis of spicifera and
L. papillosa as a function of light intens$ty. Vertical
bars indicate + the standard deviation. ,n = 6 for each

point. (o0 ) L. BaEillosa, (® ) A. spicifera.

Appaizzgeghétosynthesis of A. sgicifera and L. Eagillosagi

as a ion: of seawater temperature. Also shown, is
thé temperature range of seawater in shallow, reef-flat
pools at Galeta Point, Panama. Vertical bar§ indicate -+
the standard deviation. n = 6 for each point. (o ) '’

L. papillosa; ( ® ) A. spicifera.

[l . o

‘.
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. Figure 64. = Mean rate of app;fent photosynthesis of A. spicifera and
. B #L. papillosa at different combinations of reef-flat
.- temperature and quantum irradiance. Vertical‘bars
o . .inditate + or - one standard deviation. n = 6 for each
- " , point. N . N . ®
\ . '\ . 0 %
’ ..’ﬂ .. | +
YT List of Tabies
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< . Table I. Analysis of Varignce Table eyaluating wave-force at the
- . . Exposed, Moderately “Exposed, Sheltered, and Back-Reef
’ L Stations (November - December’ 1981). N = newton
Table II. Two-wdy Analysis of Variance Table evaluating water

ta

velocity at the Exposed, Moderately Exposed, Sheltered,

and Back-Reef Stations (November 1981).

Analysis of Variance Table evaluating the wgter velocity

of incoming wave surge at the Exposed, Moderately
- Exposed, Sheltered, and Back-Reefr Stations,

. (November 1981). . s

®

Table III.

Table IV. Sampling area of each net collecting drift bﬁomass. In
different sea conditipns, marked tags (45 mh” pleces of ,
- . Surveyor’s Tape) were released .along two transects at
¢ pfedeternmined locatiofs. g Tags collected by the nets A

® ; ’ ' defined the samp rea. ;
¢

0

Table V. \Analysis of Variance Table evaluating Total Biomass

* collected by Drift Nets (January 1979 to March 1980).
Table VI. Analysis of Variance Table.evaluating‘é;.sgicifera
collected in Drift Nets (jzgﬁ§ry 1979 to March”1980)% i

¥

Table VII. Sampling Efficiencies of Drift Nets based upon the
release and capture of tags during different sea
) , conditions. ) , - "
- . .
Table VIIL. Reciprdcal Growth Experiments. Analysis of Variance . .
’ Table evaluating the gtowth of A. spicifera. Fifty .

- fronds were collected in the Acanthéphora Zone, placed
into .enclosures, and transplanted in to the Acanthophora
and Laurencia Zones. An additional 50 frondg that were
collected in the Laurencia- Zone were similarly treated.
Growth was measured over a one-week period in February
and August 1979.

Table IX. Two=way Analiéis of Variance Table evaluating the length
. of lst-order branches of A. spicifera and L., papillosa in
. ) » the Laurencia and Acanthophora Zones (October 1981).
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"Table<X.

Table XI.

Table XIT.«

Table XTII.

Table XIV.

Table XVI.

»
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A

Acanthophora Zone. Each fragment was E&leased from a °

L4

(4 ER]

, a - .

% }
Mechanical Measurements of Breakage‘ Regression models :
of the mass (weight) required to cauge breakage as a R
function of cross-sectional area (mni“) of A. spicifera. . .
Bo = Y-intercept; B, = glope of the regression line;
Ho = null hypothesis; r~ = regression éoefficienta | ’ v

Mean survival period and LE/50 (i.e., time to lose 50 %°

of the tagged fr, gnds) for A. spicifera fronds at .
Wave-Exposure Stations (September to October 1981 [wet 5
season]; November to December 1981 [dry seasons]).

a

. Analysis of Variance Table evaluating the survivorship of

tagg¥d fronds -of A. spicifera to wave—action - .
(19 September to 16 December 1981). . .

4
a t

Thalassia Zone Colonization. Number of A. spicifera

fragments recruyited onto I. testudinum, L. papillosa, and

Porites-rubble Jat five Thalassia-Zone Stations. Each = ‘

station’ consisted of a square-meter plot of each

substratum that was examined at the end of six months. far
the number of fragments present (September 1979 to
February 1980).

[

o

The effect of current ‘velocity on drifting fragments of
A. spicifera and L, papillosa: (i) in their ‘ability to .
snag, (i1) in their ability to remain in position for

72 hours, and (iii) in their distance traveled before

shagging in the’ Acanthoghora Zone. Fach fragment was

released from a starting position and followed until

snagged (E}Ef’ remaining in the! same position for more

bgtn 5 min.). After 72 hours, fragments still in postion .
wére counted. : ‘ ’

¢
L3 . 1

Chi-square Analysis evaluating the effects of current
velocity on drifting fragments of A. spicifera and
L. papillosa in their ability to snag and in their
ability to remain in pesition for 72 hours in the

starting position and followed until shagged (i.e., .
remaining in the same position for more tham 5 mine). N
After 72 hours, fragments still in postion were counted.,

Analysis of Variance Table evaluating the Snagging .
Distance of A. spicifera and L. papillosa in the
Acanthobhora -Zone at different current velpcities

o
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Table XVIL. . The effect of current veloci#y and reef~flat ldcatiéon on
. drifting fragments of A. spicifera: (i) ¥n theilr ability

s to snag, (1i) in“their ability ta remain in position for.

> 72 hours, and (iii) in tHeir distance traveled before
sngéging in the Aeanthoghora Zone. <Each fragment was

sed from a starting positich and followed until

4 .. snagged {i.e., remaining din the same position for more

»

.. .- ,than 5 min.). After 72 urs, fragments still in postion*

(were counted.

»
q )

- Table XVIII.. Chi-gquare Analysis e¥aluating .the effects of, current

. velocity\ll drifting fragments of A. sgicifera in their
ability-to snag and in’their ability to remain in ’
s position for 72 hours in the Acanthophora Zone, Each ,
' fragment was released from a starting pcsiuion and ’
e followed until snagged (i.e., remaining in' the same
: sition for more than 5 min.).: After 72-hours, -
, ¢ ragments still in postion were counted. ¢
Table XIX. Two—tailed Students t-test, evaluating the effect of
' . Nighttime Aerial Exposures 9n the apparent phptosynthesis
of A. sEicifera (October-December 1981).

Table XX. Regression Analysis evaluating A. spicifera and
. : . L. papillosa biomass within the " Meenter of distgibution“
of A. spicifera at,the Wave—Exposure Stations?
- (October 1981). 1r” # regression coefficient;
' B = Y-tatercept; B, = slope of tnz regtession line.

Table XXI. The blomass of L. papillosa at the Sheltered’ Station
(October 1981). Negative distances were seaward of, the
"center of distribution of A. spicifera, while&positive
distances were in a 1andwaﬁu direc?i@n.

?able XXII. , Association Analysis between A. spicifera and
L. paplliosa at three Wave-Exposure Stations. Displayed
~are the number, 6f samples containing only A. spicifera,
_only L. Eagillosa both species, or neither species
(Reef=Biomass Study; February 1979 to March 1980).
s(+) /= present; ( ) = absent. *
Table XXIII. 8ize of A. sgiéiﬁgra and L. papillosa one ahd five weeks
o e after an Aerial Exposure Period. (n = number of plants)

f v

Table XXIV. Percent Transmitted Light through L.,Eagillosa
"aggregates" and A. sEicifera mats at Wave-Exppsure
e, Stations (October~November 1981). = number of.
) photometef“readings, min, = minimum, max., = maximum.

-
1
*
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Table XXV%-*
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Aﬂzendix I.

9

* Appendix II.

*

- v

XX

Removal Experimeﬁt. &1x plots were norirandomly selected
in the Acanththora Zone in areas of a unifofm cover of

-A. spicifera. One half of each plot was randomly 4
‘selected,by a toss of a coin and removed of all

A. sEicifera. For six months, any fragments of

% A.*sgicifera found within these cleared plots were «

removed. Both hdlves of the plot were theny’'harvested and

compared .for differences in biomass. .Data represent four
\of si% stationsa
dry-season Storm. °

Two~s§ations were destroyed by a late

s -
t

Survival of Uprights and Holdfasts in.low light
intensities (Septemher-December 1981). Plants were .
subjected to: (i) total.darkness in vessels filled-with
seawater, (i1) totdl darkness in vessels with seawater

pumped through the vessels, and (ii light intensity
beneath an “aggregate” of L. Eapilléiiiﬁgzt\ﬁgi;fitted to
darkened vessels, submerged in seawater, and Sprayed with
a jet of seawater.’ After 24 hours in treatment ome and
two weeks in treatment two and three, fronds were.removed
from vessels, sectioned into uprights and holdfastsj.and
noted for new branth formation after three weeks. ¢

(+ = production of new uprights; - yoss of pigmentation
and thallus degeneration) : .

‘ 3

'List of Appendices

[ ’ &

N ] [ 1
An assessment of the’effects of wave action and predation
on the branching monphology of A. spicifera and
L. pa illosaa RN

+

Distances along trandect of the Reef-Biomass Study which -
defined the sampling area ofthe drift L. -

T
LR}

Appendi§~III. Area occupied by A.. spicifera and L. Eagillosa in the

Appendix IV.

v

Appendix V.

Drift Sampling Area (February 1979 to March 1980).
Percent occurrence data were obtained from, the
Reef-Biomass Study and multiplied by the total area
sampled by the Drift Nets (1.32 ha) to estimate the area

occupied hy A. spicifera and L. Eagiliosa.

The Branching Strueture of Acanthophora and. Laurencia
Zones fronds of A.' spicifera (Botanical Method;
Octgber-November "1981), n = numbér of fronds.

»

Thé Branching Structure of Acanthophora and\Laurencia Zones
* fronds of L.
.October=November 1981).

apillosa (Botanical Methed;
n = number of fronds.
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List‘gé Abbreviations t
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second
minute
hour

day

month
millimeter
centimeter
meter
kilogram
milligram
gram .

parts per hundred or per cent-

parts .per thousand
Centigrade |

degree .
dry weight

wet welght
Savage(Mantel~Cox)Test
Student ‘s t-test

ANOVA F-Ratio

Analysis of Variance

Chi-Square Test
Standard Error ¢
Standard Deviation

95% Counfidence Interval
degree of freedom
number of samples
newton

probability

regression coefficient

sum of squares

mMean squares

megn 'Y

Null Hypothesis

regression constants

Lethal Wave Exposure 507
joules

micro-einstein R
Maximum Photosynthesis

Saturation Comnstant,

-
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Acanthophora spicifera (Vahl} Borg. is a rhﬁdophygean g%fgowide ¥y

%

" distributed in éubtrop}gal and tropical seas (Doty, 1961; Ru§§e11, 1981;

Taylor, 1967). Low seawater temperature limits the species to thefe

warmer waters. The optimum temperature for growth is Bétyeén.ZBO and

-

28°C°(Russe11;,1981; Trono, 1968). At bigﬁyéubtropical latitudes the

*alga is often pr;sent throughout the year, but may disappear during the

!t

colder winter months (Rao & Stedramalu, 1974; Taylor & Bernatowicz,
) ,

. 196§). Despite the wide distribution of A. spicifera, little’is known

T

about its ecology. Information has been géneraliy limited to species

I3

llStS ‘Dahl 1973 Earle, 1972a; 1972b; Mathieson et al., 1975;

Taylor, 1967' Trono, 1968) and relative abundances {Conner & Ad!§ 1977;
Doty, 1969 Gilbert 1976; Santelices, 1977), except for the stuly by
Russell (1981) of the distribution of A. sgicifera in Hawaii.
A.'sgicifera occurs in intertidal CRao & Steeramalu, 1974; Tabb &
Minning, 1961) aid’éubtidal hibitats (Dahl,. 1974; Earle, 197Za,h g

Mshigeni, 1978). As it is unable to wltﬁstand,prﬁlonged exposures in

<

the air (Rao & Steeramald‘*1974) A. spicifera is restricted to the low
S ""‘P“__c,/——-ﬁr ‘

o ¥

r

intertidal or to the subtiddl regiong of the shore. Extensive stands of

»

AR
A. spicifera are found on shallow reef-flats (Cdnnerl&'AQey,«1977;, ~

IS

' . s . .
Doty, 1961; 1967; 1969; Meyer et al., 18743 }975; Russell, 1981;

Santelices, 19773, and 'the species occurs frequently at depths of 17 m

E—

E

in Puerto Rico'(Dahl, 197}) and of 22 m in the Virgin Islands

(Earle, 1972b; Mathieson et al., 1975). Hay (1981d) has shown that °

-
. »

¢ e
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‘herbivorous fishes can exclude. the $pecies'from ‘some shbtidal-habitats'

in Panama. Many herfivorous'fishes, sea urchins: and, crabs
(Earle,.1972b; Hay, 1981b;  Kilar & Lou, 1984; Randall, 1964; 1967;

Vadas et al., 1982) are reported:to readily consume or include -
—— —— ’ « - 651

- ) R . , g .
As spicifera as part of their diet. - Russell (1981) ‘considered water
‘.1 - w » H

mynfion to be the limiting factor that determined the distribution of

e, - “~, ’

. . 2

vei A sBiciferaein Hawaii.~ The species o?ﬁurs,»however, both in sheltered

. —)
ba§% (Almodovar & Pagan, 1991; Russell, 1974; Taylor & .

L v/ Bernatowiéz, 1969) and on open coast; (Croley &TDawes, 1970; Kim, 1964;

Russgil, 19744 Taylor, 1967) in protected and exposed areas of wave -
: @ . *

action (Russell, 1981; Wormérsley & Balley, 1969).

o

4

=
A. spicifera is found on a wide range Ppf substrata. %Eéﬁyows on

«

hard substrata (Almodovar & Pagan, 1971; Dawson, 1954; Mshigeni, 1978;

Taylor & Bernatowicz: 1969; Varma, 1959), és an epiphyte on other dlgae

a

L] v
(Mathieson et al., 1975; Russell, 1981), or as a stable, free-living
: g -
population (Benz et al., 1979; Cowper, 1978; Doty, 1961; Eiseman & Benz,

! I

1975; Rqééell, 1974; 1981). Benz et al. (1979) neported A, spicifera

as one of the most common.members.of a free-living, macroalgal community

near Ft. Pierce, Florida. Russell (1981) observed that A. gpicifera was

frequently assoclated with Laurencia spp. and Hypnea spp. and, in

certain situations, competed with, displaced or replaced them.

Doty (1961) reported on the introduction to Hawali of A. spicifera. ,

In 1950, a fuel-oil barﬂ‘, heavily fouled with marine organisms, was

towed from Guam to Pearl Harbor, Hawal¥:™NIt was this barge that Doty

(1961) suggests® had A. spicifera on its hull. Subsequent studies by

o
’
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Mshigéni (1978) and Russell (1981) have yielded conflicting results as

* how A. spicifera has been able to rapidly spread throughout Hawaii.

Mshigeni (1978), when investigating the colonization onto natural and
artificial surfaces by benthic algae, cgncluded that A. spicifera was
b;opagated by vegetative fr;gmentation. In contrast, Russell (1981)
suggested that tetraspores were the principal agents of'dispersal. He
noted that mature tetrasporic plants were found throughout the year at
.several different localities. Similarly, Bergesen (1915~20), Feldmann
(1937), and Joly (1957) had also noted the predominance’of the
‘sporophyte generation. ' t

The first objective of my study was to consider the roles of

Gegétative fragments and spores of A. spicifera as means of propagation

- [

" on the reef-flat at Galeta Point, Panama. At that site, Birkeland et

al. (1973)- reported that A. spicifera grew within the wave zone anq in

the back~reef. Closer obéervatiops revealed that: (1) water flowed in a s
unidirectional manner over the reef—flat; (ii) A. spicifera commonly
occurred as drift; and (iii).é. spicifera grew primarily as an epiphyte

ih the back-reef. These observatfons led to my working hypothesis that,

~in the Wdve zone, A, spicifera gives rise'to fragments that coTonize the

back~teef. By fragmept, I mean an unspeclalized, éiiéched plece of
thallus. Numerous approaches ?ere undertaken to verify this hypothesis:
(1) locating the principal fragment sources and areas of colonizafion;
(11) understanding the mechanlcs of thallus breakage; and (ifi)
examining the processes of fragment recruitment. To examine Russell’s

(1981) suggestion that tetraspores of A. gpicifera were the prineipal

v

~ .
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agents of dispersal, a phenological study was also done.

-
- -

The second objective of my study was to demonstrate the pe;sistence >
of the fragmeptation process. To do so required an understanding of the Pl
community structure built around the effects of major community | '
disturbancés and of the interactiong .among the component popélations.
The.main_factors involved were exposures of the ¥eef-flat to air aMl
wave action,_and competition for space between A. gpicifera and

'

3 ) .
Léurencia papillosa (Forsk.) Grev. Predation, another form of community

distu¥bance (Connell, 1970; Dayton, 1971; faine, 1966; 1974); was

‘examined and found not important (Appendix I).

M )



1.1 Study Area AN L

1

Research was conducted on the reef-flat adjacent to the Smithsonian

Tropical Research Institute (S.T.R.I.) Laboratory at Galeta Point,

Panamam( q° 24.3°N, 79° 51.8’W), The reef-is situated aﬁ&ut 6 km

-

northeast of Colon, Panama, the Caribbean entry into the Panaﬁa Canal
(Fié. 1). Galeta Reef has been a biological preserve since 1965. ¢
Baeeline monitdrfhg surveys have:been conducted there since 1969.

Galeta Reef is typiezixof fringing reefs gf the Caribbean coast of

Panama (Glynn, 1972; MacIntyre & Glynn, 1976). It was formed about 7000
i
years B.P. from the coral Acropora palmata Lamarck. Subsequently, the
o » !
growth of reef-building corals yas restricted vertically by sea level

.

and horizontally by unconsolidated sedtments. MacIntyre & Glymn (1976iq‘

concluded that GaletanReef is an example of a fully-developed fringing - .
reef. They noted that the corals no longer contributed actively to the

reef framework, that mangroves encroached onto the reef-flat, and that

- f

there was a thick talus cover on the fore-reef: The seaﬁerdesi&e of the
reef.extends down to about 13 m depth, while on the landward side the
reef is Eordered by a lagoon or a mangrove swamp. The reef-flat is
usually covered by 0.1 to 0.4 m of water and exﬁerienges tidal
fluctuations of 0.7 m (MacIntyre & Glyn;, 1976). Seawater temperature

S

on theléeef—flat is generally betﬁeen 26° and 29°C and the salinity is
usually between 32 and 35 /o0 (Hendler, 1977) ' B
During the dry-season (November through March), northern and

northeasterly trade winds blow at a mean velocity of 24 to 27 ﬁﬁ h -l

J
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. Figure 1. Study site at Galeta Point, Panama.
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(Hendler, 1976), about three times the mean velocity occurring in the
\ .
wet segson. Waves that are generated by these strong winds cause

~ - ) .
considerable turbidity and remove weakly attached organism$ throughout
[ R

the reef-flat. The increased turbidity, occurring largely because of

the resuspension of sediments, is believed to be a gignifi&ant limiting
R} c;ndition for reef @uilding at Galeta (Gkinn, 19823 MacIntyri & Glymm, _ .
P 1976). ‘ g\ - ¥ “
Expgsures of reefisurfa%es in the air are cdﬁmon i; the Caribbean
¢ (Gf}nn, 1968) and occur with low spring tides or when calm seas coincide

¢ with a low pressure system (Hendler, 1977). Exposure periods of several”

Pl + .weeks kill most non—swimming herbivores and reduce algal cover (Hendler;

»
1Y

1976; 1977; Glymn, 1968; Meyer et al., 1974; 1975). At Galeta, such .- -
* “ e

conditions are prevdlent during the wet—season, April through Octobers
. . v ’ - L3
Unlike most tropical reefs, the reef-flat at Galeta has a luxuriant

7

growth of algae and seagrass;s. Birkland et al. (1973) identified five

biotic communities or zone§ across the-reef-platform.TDFrom se%Mard to
]

landward these zones are: the Coralline Zone; the Laurencia Zone; the

®

. Zoanthus Zone; the Thalassia Zone; and the Acanthophora Zone

-

(Figs.‘z and 3). The Coralline/?yne repr¥sents a predominantly subtidal
area where the reef-flat mer?s with the reef slope. Thig region is
1 . heavily grazed by fishes, gwétly Scaridae aﬁd Acanthuridae, add by the

- sea urchins, Diadema antiflarum Philippi, and Lytechinus variegatus

Lamarck. In contrast, /on the reef-flat, little to moderate predation

S occurs (Hay, 198la; 1983; Appendix I). The pr}ncipal inhabitants of the

Coralline Zone are the corals, Millepora éamplanata Lamarck, .
— . )

. @ .
. o
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Figure 2. ' The reef flat at Galeta Point, Panama (from

© B¥keland en\él. , 1973).
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Figure 3,

Panama (from Birkeland et al.
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Biotic Zones of the Reef Flat' at Galeta Piont,
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1973).

Arrows indicate the direction of
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Siderastrea siderea Ellis & Solander, Porites furcata Laﬁarck,

« . ¢
-Porites astreoides Lesueur, the gorgonian, Gorgonia flabellum L., the

-

crustose coralline algae, Neogoniolithon sp. and Porolithon sp., the

*
- A Yy

green algae, Halimeda opuntia (L.)'Lamoﬁr. and Caulerpa racemosa

3

(Forsk.) J. Ag., and the fleshy red algae, Bryothamnion seaforthii

A3 \' ~ ¥
(Turn.) Kiitz. and Cryptonemia crenulata J. Ag. ~The Laurencia Zone ‘marks
i} ] Zaurencia :

¢ -

the outer 1imits of* the reef-flat on which the waves break.' The

[y
v

topography of the reef-flat 'is such that the highesf elevations occur in

A

the Laurencia Zone and decrease moving in a 1ani?a d directibn”(Fig. 3.

-
il L ]

On the seaward margin of the Laurencia Zone occurs the greatest

o

diversity -of algal species. The predominant algae are: L. Eaziilgsé,

¢

A. spicifera, H. opuntia, C. racemosa, and Gellidiella aceroa 4
= h = —t S2ETTD0 S .

”

(Forsk.) Feldm. & Hamel. A broad band o%.E. Eagi}idéa occupies most of

the calcareous substratum of the Laurencia Zone. and provides an

a

understorey habitat for many sessile invertebr%Fes (ége,, anemones) and

motile.invertebrates (i.e., sea urchins and polychaetes). Landward to .

the Laurencia Zone is the only animal-dominated community, the Zoanthus

P
5 Y

Zone., Dense colonies éf the small green zoanthid, Zoanthus soclatus

-

. Ellis, and the large brown zoanthid, Polythﬁa‘vériabilis Verrill, Are

P

very prominent in soire locations (Sefén;'1977) while in others they are

Gy

obscured by a Laurencia canopy.- The Thalassia.Zone, which is dominated
T —— N Y “u

Yy r - ¥ 4
by Thalassia testufinum Kdnlg, is the most extensive., Sand-restricts

the algae in the Thalassia meadow to psamm&philid épecies (1:33, sand

* loving), as Penicillus capitatus Lamarck and Caulerpa cupressoides

(West) C. Ag., or tb facultative epiphftes, as A. spicifera, Centrocerus
" 7
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[ -

clavulatum (C. Ag.) Mont. and Spyridia filamentosa (Wulfen) Harv. Some -

[

areas of the Thalassia Zone have large amounts of coral rubble, while °
~ ——rt ]

e
- » -

Ve : —
" other areas have mostly fine sediments and sand as,substratum. Next is
It .

-the Acanthoghora Zone, a zone sheltered from wave exposure. The
Acanththora-Zone substratum comsists of patcbes of coral rubble ~

dispersed in a sand plain. A. spicifera, the predominant alga, grows in
dense mats on an understorey of L. papillosa, which occuples most of the

coral substratum. The landward edges of the Acanthophora and Thalassia

i

LES

Zones dbut "a lagoon or spillway from which water is chafineled 'back to
p p
sea. More' detailed information about Galeta Reef and its species

- s

~as§emblages is available in Birkélénd et al. (1973), Earle (1972a), and

°

MacIntyre & Glynn (1976)1 T
« "f . ' . \
1 (\1 \‘_. * (s ]
1.2 Morphology, and Terminology |

°f
- s

%

A. spicifera is attached to the substratum by a large, irregularly

i . )
lobed disc, from which many ereét branches may arise (Bgrgesen,

7’

*1915-1920). Plants are‘sparingly branched to bushy, growing to (.23 m

tall. Main branches are beset with short, determinaté branchlets which

. -

1
)

are markedly spinbse and arranéed spirally with a 1/4 divergency

¢

N

(Borgesen, 1915-~1920; Taylor, 1967 [Fig. 4al). The main axis has a
diameter of 2 to 3 mm from which branches emerge occasiona’lly. Plants
r

are fragile and break easily upon hagdling.' . AN B

Teétrasporangia develop in stichidial ramuli on-short determiqaté

-

FEEE S
b~
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Figure 4. Morphology of A. spiéifera and L. Eagillosa.*

Lt "’ Determinate branches = branches of a smaller, more uniform size. (A)

A. spicifera, bar length = 3.8 mm; (B) L. papillosa, bar

length = 2.8 mm.,. ~ ;
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Figure 4. (cont’d)

length = 2 ‘mino "

. L)
(C) Spineless branches of A. spicifera, bar
I

ke . ,
~
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¢

branchlets (Fig. 5); tetrasporangia sometimes occur within the branchlet
Y z

"itself. Spermatangial clusters are platelike, each developthg from a
trichoblast of which the baé?l cell persists.ds tﬁe stalk of the dise
(Taylor, 19675.~ Pericarps are stout-stalked and urceolate, and are

subtended by a small spine (Taylor, 1967 [Fig. 51).

-

o The recruitment of fragmenté into .the back reef depends upon the

1
5 '

chances of the fragmepts snagging and becoming attached to a variety of
substrata. A "snagged plant™ is any ffaghent that is mechanically
* ]

y

interlocked with its substratum, as opposed to an "attached plant .V that

. ¥

% ¥ N “
is bonded to its substratum. A combination ofLégL branches and spines
\ Je

mechanically snag A. spicifera to different sﬁbs&rata‘and then the

branchlets of A. spicifera dttach to theﬂéﬁ%gérata,directly or produce

ontho—several spineless«branéﬁes‘(Fig. 4c). These spineless branches

T

can either surround the contacted substratim or adhere to it by f&rmin% “

a secondary holdfast. ' f\" o
;our different growth forms of algae, are recognized in this s;udy;
"individuals", "mats", "aggregates", and> "turfs". An "ihdiéiduai" is a
plant that produces one to several uprights (i.e., -any part of the plant
above the holdfast) from a single holdfast (i.e., area of thallus
designed to act as an organ of attachment). In this'study, I also
conslder the basal 5 to 20 mm of the thallus to be part of the holdfast
bquuse of its darker pigmentation and greater thickness. Ideally, two
ada!‘ﬁehtﬂ"individuéls“ of the same species rarely have overlapping

fronds. In contrast, a "mat" is a group of closely arranged

"individuals" of- the same specigs whose uprights form a loose matrix

L
N ¢
3 4 1

»

e
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Figure 5. Fertile cystocarpic and tetrasporic plants of

A. sg&cifera. (A) ‘cystocarpic plants, bar length = 13 mm; (B)

L T

tetrasporic plants, bar length = 17 mm.
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with little organization. "Mats" may form when uprights that lack a

¢

’ wl
ridged structure entangle and-sometimes attach to each other. 'Mats"

-

may also form from the sccumulation of, fronds in sheltered habitats.

v

Many f£1lamentous reds, greens, and browns that have been previously

N <

referred ‘to in the phycological literature as "f%lamentous turfs" or
"gaespftose specles' comprise this category. The’phird gréwth form, an
Yaggregate", is made up of a group of closely arranged "individuals" '
whose ubrights are slightly ridged or cartiiaginous. Aégregate—foéming
species produce a carpet of uprighfs ofvalmost uniform size. ‘
MAggregates” are consolidated by their interwoven branches or by
specialized branches that grow horizontglly into neiéhboring fronds.
For example, L. papillosa (Fig. 4b) has branches that grow among
adjacentlfronds and, when contact is m;de with hard substrata, are
capable of forming a secondary holdfast. Secondary aétachment between
fronds withi&‘an "aggregate" is rare, because of the typically slow
g;owth of these fronds. The last growth form; the "tuif", is a
specialized form of "aggregate". With thehremovaljor death of the
apical céll, the_Ppright branches are modified (i,g;; using apical

»

dominance release) to produce a dense cluster of terminal branches. In -

o

the absence of disturbance, such species revert to the "aggregate"

growth'form. It has been suggested by Hay (198la). that the turf growth

form is better adapted to tolerating desiccation an herbivory.

4

o



-

¢
"

- 2.0 Materials and Methods PR
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<

\ A)

-

2.1 1 +Study Sites'and'Sampliﬁg Periods ) - N
" . * < ) . u -

L}
.
» 4 . ¥ P

Y
4 . .« »

N * o - B A A s
Studies were done at Galeta Reéf from February 1979 to July 1980 -
and from September 1981 to January 1982. The inital fieldwork
~ - H] ¢

- * -~ documented: (i) the abundance and distribution of reef-flat species;

e
v [y

#(11) the abundance of drift biomass; (iii) the growth of A, spicifera in’

the Acanthophora.and Laurencia Zones; and (iv) the reproduyctive 7.

T ¢

henology of ‘A. .spicifera in the' Acanthophora and Laurencih Zones,
P gy A 8P : P 2

. 1 % 3
Biomass sampling was concentyrated in two reef~flat zones, "

-

: [ - ! ’
Acanthophora and Laurencia Zones (Fig. 6),.. The study site in the’

Laurencia Zone consisted of a 20~m’'X 50-m plot that was locatéd away g
¥ . >

from the major study area so as mot to interfere with onéoing
. . [ & *

S.T.R«I. studies. The site in the Acanthophora Zone (30-m X 50-m.plotj :
. o ~ ) L o
was established outside the channel of water that abuts the laboratory,

seawall, so as, to minimize any influences that .the construction of the
laboratory or the causeway may have had on adjacent reef assemblages.’

Comménciﬂg‘iﬁ'February 1979 and continuing until March 1980, biomass

4

Bampiing was also done throughout the reef-flat to document the spatial

-

distributions of A. spicifera, L. papillosa, and T. testudinum.

rd

The channeling of drift biomass into the mahgroﬁe and the éﬁbtidal\

regions was measured from locations on the downstream edée of the

. &

reef-flat. The unidirectional flow of water over the reef enabled

permanently fixed nets to be used. The‘sampling period began in January

¥
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Figure 6. .

9
-~

-4

24

Station locations on Galeta Reef, Panama

(N-no. = Drift Net; GD\= Tide Gauges; C-no. = Colonization Station

y .
(Thalassia Zone); Bm = Biomechanic Study Area; Ph = Phenology .

w

Transects;[] = Border to Ladreneia or Acanthophora Zone Biomass

Stations; ~-—-- = Drift Biomass Transects; A = Temperature and

Growth Stations; Q = Solarimetry Sensor; E = Exposed Station;

B

ME =4Modefate1y—Eiposed Station; S = Sheltered Station; BR = Back—Reef

Station; A = Acanthophord Zone Station; Tr = Thalassia~rubble Station;

and Th = Thalassia Zone Station.
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1979'and was terminated in March 1980.

From January 1979 to February 1980, the growth rate of A. spicifera

. was measured in the Acanthophora and Laurencia Zones (Fig. 6). At the

same time, plants were collected for phenological studies along
«‘c

-

permanent transects, one transect in each of the Acanthophora and

RS - -

. Laurencia Zones (Fig. 6). - ! L. Lt

* y [

Coinciding with the “above studies, numerous short-term expefimeﬁﬁ#

and manipulations (j,gg; less than three months) were done throughout

°

the reef-flat to eluc{date the fragmentation strategy of A. spicifera.
L ¢ ¢

From August 1979 tb July 1980, rates of fraghentation and colonization

A A

sof A. éEiéiEeralwgre medsured under varied sea conditions and within

different reef-flat habitats (fié. 6).

4

AN

From September to December 1981, the emphasis of the study shifted

»*
] SN .
to an evaluation .of the responsé of A. gpicifera to wave action and

' aerialhq;efd;xposﬁp;s,*and-to examine the possibility of competitive
idteractign? between A. égicifera and L. papillesa. Sampling éas
confined, to éour reef-flat stations which were located in a wave
exposure gra&ient. They were labelled as: (1) the Exposed Station; (ii)
the Mbdera;ely*Exposeﬁ'Station; (1ii) the Sheltered Station; and (iv)

the Back-Reef Station (Fig. 6).

* o
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“From June . 1979 ‘to June 1980, maximum and minimum water temperatures

v .
.

were meaSured bnce monthly %p the Acanthophora and Laurencia Zones.

pox

Taylor Uishaped maximum—minimum thermometers, coated .with an epoxy resin
- 7

and covered with: dark plastic to reduce fouling and corrosion in salt

[N . . - -

Fwater;~were4ﬁéed. The thermometers were calibrated in the"fielq against

L] 3
+ A N

a certified laboratorybgrade thermometer. _and .secured by metal stakes’

£Y -

i

1nto pools (0.5-m deep) which were, never withayt water. ¢ o ~

Measurements of sq}ar.fifadiancé (g cal cm-‘2 h—ig.fmvm'jénuary 1979
- ’h" ..‘. N 3 ,—a‘

- B »
to March 1980 were made available from ‘the"Smithsonian Institute’s

2
K

Environmental“Science Program ats Caleta Point "Panama, and were .

s

collected cogtinuously from over the reef—flat (Fig. 6). These dat;
Cﬁéfé converted tq'Q'bi_znd_l, aceording to Wétzel (1975) «

'“A.v.“- AN . . Wt . .
Ti&;i Elevation and Aerfal Exposure . ‘ o7 \\" B

s vt
.

PEERY

Measurés of tidal elevation fgo"January 1979 te December 1980 were

3 P ~
supplied by the Smithsonian Institqte Environinental Sclencé Program at

a ’ * MRS -

- l [
Galeta Point, Panama. These data wére used to show seasonal variations

'

LR “
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in tiﬁql elevation énd to quantif§ the frequency and peripdicity of !

éxposures in the air-’of the reef-flat. Variations in reef~flat

=

’elevatipn, tidal amplitude, wave exposuré, and wind velocity make it

I1 -

aifﬁicult to predict the precise qidal elevation that would result-in aqu |

AN

aerial exposgfe»of the reef-flat (Druehl & Greéﬂ: 1982; Hendler, 1976).

N
J« (a4 ) Al

As conservative estimates, Hendler (1576), using the tide gauges at

Galqta,‘déﬁerﬁined a tidal elevation of 0.30 m.to be the critical ., . ~

~ ! ¢ R -

Y «‘. : » 4 . T
o exposure level of a Laureicia Zone and 0.25 m to be.that for the middle

~

“

*

>

0T~the;reef;flat. Several spot readings of the tidal gauges were takén

*

at the time of reef exposures and found to concur with Hendlér’s (1976)

-
.

estimates. For the Acanthophora Zone, 0.24 m was determined from spot
‘ieadings as the critical exposure elvation.

v ¥ /
¥ “

ot . ’
N

X

Wéve Exposure and Current Veloeity. -

'
> . - r ¢
‘ - i

A

. .
N

Wave gxpoépre"was measured from four stations on the reef-flat: the

Exposed} Moderately~Exposed; Sheltered;, and Back-Reef Stations (Fig. 6).

" Two methods were employed. The first method employed a dynamometer

_devéloped by Denny (1983), which was modified to measurd the force

exerted on a 2.54~cm diameter sphere (Fig. 7)a Measurements were taken

daily over 'a fortnight at the seaward edge of the Laurencia Zone, +

beginning on 28 November 1981. The second procedure made use of a

" -
oY

Marsh-McBirney Multidirectional Electromagnetic Water Current Meter

’ ’

(Model 511) coupled to a portable chart recorder. At each station, -

’
- ~

water velocity was noted ‘4t ‘one-minute intervals for a 15-minute period

~ .
~

o N ~

»

PR



Figure 7. A construction diagram of the wave force dynamometer, -

modified from Demney (1983). (A) Top view with the top plate removed to
show the s&ider and rubber bands, Dashed circle shows the position of:
the holes cut in the lower plate through whiéh the scriber extends;
dotted lines show tﬂé position of the grooves in the base of the slider

and in the hoffing base. (B) Side view of the section made through the

line a—~--a in panel A. $
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and’ then, averaged. Water velocities were taken during moderate.sea

+

conditions and were displayed relative to incoming waves by bECtog.

diagrams. On 5 December 1981, current velocities were measdred at .

w -y

numerous locations on the reef-flat to describe the flow of watef over

the reef platforni " e

»

Fore.Reef Topbgraphy M

The elevatioﬁ of thé Laurencia Zone was measured relative to tide
gauges at Galeta Reef, using standard levelling procedures. Reef
élevaéionh were recorded q&png transects perpendicular to incomimg waves
at,the“Expoged, Moderately~Exposed, and Sheltered Stations.

Substrate rugosity, described by Luckhurst & Luckhurst (1978) as a

measure of actual distance relative to limear distance (similar to

>
-

~"fracta1'dimension"; see Willison, 1982), was\meésured to demonstrate
subtle differgnées in the surface topégraphy in the Laurencia and
Acanthbzhora Zo?es. Substrate rugosity measurements were made using a
2-cm linked, 13-m long brass‘chain. 'The chain held taut measured linear
distance, while the bras; chain, conforming to the terrain beneath,

" measured 'actual distance. In this instance, substrate rugosity was

defined as:

S.R. = ; - Chain Length Over Substratum
s 13 m N

b

o
b

Values approaching zero show the greatest surface relief. Surface

e
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profiles were measured in the Acanthophora and Laurencia Zones, witQ_lS

3

transects in each zone. 1

«

N -

»

2.3 The £>Hgmentation of A. shicifera

I

]

P -

Spatial and Seaspnal Distribution and Abundance

[y

e
(PN .

-

Seasonal variations in algal and seagrass gbundance were sampled
along 32 stratified random transects that were located in X,Y coordinate -
space (Fig. 8). Tﬁis permitted an accurate record of the abundance and
distribution of major reef-flat assemblages. Every 10 m of transect was
divided initially into 20 potential sampl?ng locationsjéﬁgt were’
assigned numbers randomly from 1 to 20. In increasing order of
occurrence, each number was then designated as the location for'a
monthly sa;ple, beginning in February 1979. This insured a random
sampling &esign wiih no ove;lap in location. Oée sample, consisting of
the contents of a 3fél-ém diameter’ core, was taken monthly from each

-
10 m of transect, sorted to species, washed in fresh water, and dried ag
90°¢C to congtant weight. About 200 cores were sgmpled each month for a '
l4-month pe;iad. Hereafter, I wili refer to this study as the Reef
Biomass Study. In addition, 100 samples collected from a 30-m X 50-m .
plot in the Acanthophora Zone, and 50 éamples collected from a 20-m X
50-m plot in the Laurencia Zone were similqily samg}ed; Here, 20

*

» . . -
® -

T
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Figure 8 Transect numbers and X,Y coordinates used in the
L] . ".
Reef-Blomass Study. Each mark indicates a location of a biomss sample
(February 1979 to March 1980).° . .
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potential sampling locations were assigned randomly for every 5 m of
transect along 10 Acanthophora Zone and 25 Laurencia Zone transects.

In September 1979, dry-weight to wet-weight conversions were
]

obtained for A. sgicife}a and L. papillosa from 15 samples collected in -

the Acanthophora Zone. Specimens were held in seawater tanks, remgyed

o

and blotted dry with absorbent towelling, and weighed on an analytical
] L 4

~

balance. This procgdure was repeated five times, each time returning

the alga to seawater.' The plants were then dried to constant weight at

90°C after a fresh water rinse.f
° - t .

bl *

i )

Drift Sampling

a
" V
® ? *
>
'R R M [
. »

Ll
4 ©

-

N » R .
*Drift materials léaving the ‘reef were collected continuouslﬁ\in

five nets, Permanent nets consisted of an upstream, 0.91-m high X\‘
, : t . .-
0.46-m wide, P.V,C. framed opening and a downstrean} 0.25-m diameter

opening, joined by 2-mm Vexar Netting (Fig. 9). A removable 0:75rm X

1,25~m nylon bag (2-mm mesh) was attached to the_downstfeim end and

- v t .

eﬁbtied weekly or more often if full. ot ’ -

« Materials from éach net were subsampled. The contents of a net
% Lo b .
were first mixed be?org?%eing emptied info .30 to 60 (0.13-m X 0.13-m x

L4 Q

0.20-m tall) containers. Four containers were randomly selected and
sorted to species. All remaininé materials ané sorled aliquots were
rinsed in tép water and driédjfo\ponstant wéiéht at 90°ba

To deteygine the size of the sampl&ng area and the efficiency of

samplers, marked tags were feleased from two areas: an outer trfangect

4

h”\



Figure 9. Drift Sampling Net. (A) Close-up of p

fixed net (0,91-m high X 0.46-m wide) and the removable“ny

ot

Dl L

>

ermanently

lon *bag- (B)

v
. -
Two nets at high water.
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located in the Lautrencia Zone, and an inner tfan§ect found about midway

LY

between éhe Laurencia Zone and the nets (Fig. 6). Tags gonsisted of

45 mm2 pleces of %lpqrescent Surveyor’s Tapes About 10 tags were ol

released for every meter of transegt. This procedure was repeated under °

-

varied sea conditions.to insure a close estimate of sampling area and o

sampling efficiency. .

v

The biomass of A. spicifera and L. papillosa removed from the reef L
J yéh calculated monthly by multiplying the proportion of each species

¢ from subsgmples times the total biomass in each net, and summing these

- 3 ¢

values over the five nets and the one-month period. The biomass for \\ c, .
Al ? ! * -

et A

. each species removed pef'unit area of reef was' estimated from the

-

biomass collected in nets, the area sampled by the nets, and the monthly L

occurrenﬁf of a species in the drift-sampling area. ’To estimate the .

¥

percent occurrence of an, alga in the drift sampling érea, sémples.f;om

the Reef Biomass Study were used but confined to the drift samp}ing

N

area. The reef area occupied by a species was estimated from the
product of it§ percent oqcun;énce in the drift Qampling area times the .
t&gal area (mz) sampled by the nets. Dividing the species biomass

.removed from the reef by the reef area occupied by that species, the

. .

'

- .drift biomass was standardized to a one square meter plot. <

1]

™
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« Growth »

Monthly Dgterminaéions

- -

[

From Januéry 1979 to Februaﬁ§%l980, the growth of 30-~mm apicél

fragments of A. spicifera was megsured each month over a one~week period:

A

in the Laurencia. and Acanthpphora Zones (Fig. 6). Twenty fragments

collected from the Laurencia Zone were placed into enclosures and

o

measured for increases in length. Enclosures consisted of envelopes -

(0.15 m X 0.20 m); one side was made of I-mm mesh cotton cloth, and the

other of a clear, 1.5-mm thick, vinyl plastic through which numerous

3ﬂ4;mm diameter holes were drilled. Two enclosures were used in each

’

- zone and secured into Hepressions always open to seawater at a depth of

0.5 m. '

k]

Reciprocal Growth Experiment

-

~

In“Febrdary'and August 1979, the growth of apical fragments of

A. spieifera, collected from the Acanthophora and Laurencia Zones, was

-

measured. to determine if growth was independent of collection location.
7

Fiﬁ;y apical fragments (30 mm in length) from the Acanthophora Zone were -

separated into two @qual groups, placed into enclosures, and outplanted

into the Acanthophora and Laurepcia Zones. An additional fifty

fragments of- A. spicifera fros the Lauyencia Zone were treated in a

-
similar fashion. After .thé one~week period, the increase in the length

] v

|
|

»
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" e e
of all fragments was determined. \\fgg;%—’”y
1

Morphology

3

7

//’Botanical and Strahler Methods

Morphometric and meristic data, acquired from fronds of

A. sEicife?? and L. papillosa in the Acanthophora and Laurencia Zones,
were used to examine species— and habitat-specif}c differences in
morphology. Twenty randomly located quadrats (0.15 m X 0.30 m)\&ere
@arvested for A. spicifera and L. papillosa from 26 September ‘to 1

-

OFtober 1981 in the Acanthophora Zone and from 29 October to 5 November
1981 in the.Laurencia Zone. All fronds in the quadrat Wer; collécfed.
The choice in sampliné periodufwximized the time that A. spicifera and
L. papillosa were not affected by peridds of ferial exposures. The
fronds were measured for numbers and lengths of branches. These data
were later analyzed for branching structure using the two principal
methods to number branches in a branching gystem: céntrifugal and’
centripetal labelling (Uylings EE_Elf,f1975):

Botanists have traditionally ordered trees centrifugally by
assigning order no. 1 (i.e., lst-orde; branch) to the main stem and .
increasing order numbers in consecutive lateral branchés (Wilson, 1966).
In this instance, lst—order branches originated at the main axis
(Fig. 10). The “Botani?al Method" permitted the assessment of branching

complexity and compactness. Branching complexity was assessed from

-

N e & -
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Figure 10, . ~ Botgnicai\and Strahler Methods qf numbering

. . % .
N >

branches in é'braﬁching system.” T = lst-order bf&ncﬁ; 2= 2nd~order

“

branch, 3 = 3rd-order branch, 4 = 4th-order branch, la = first' lst-order

.
- 1
4

‘Eranch; 1b = second lst-ordar branch; le = third 1stforder branch;

2a = first 2nd-order branch on the-first 1st-order.branch;‘2§-i'sécond

2nd~order branch om the first lét-ardqr*branch; and 2¢ = first 2nd-order

branch on the second lst-order branch. -, . S
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BOTANICAL METHOD
(MODIFIED)
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> et

several different forms of measurement: the numbers of differegg types

r
-

of orde}éd'Branches; xﬁe percent composition of different ordered
branches in the population (i;é,, lét;;'znd—, 3rd-order, etc.,); and the
average number of branches at each order of’branching. Measurements of
branching compactness consisted of: (i) the distances from the holdfast
to lst—ordered b:?nches; (;1) the distances from the main axis to the
first 2nd-order branches; (i1i) the lengths of lst-order branches; (iv)
the lengths of 2nd-ordered branches.,

The second method of labelling branches, the ''Strahler Method"
(1953), is a centripetal ordering system: orderin begins at terminal,
distal branches, and order is increased when two branches of equal order
meet (Fig. 10). This method eviluatgd how the algae projected the1r~
branches into the water column. The lst-order branch length (the
distance from a terminal branch to the holdfast) was measured for all
inheterm%nate branches comprising a frond.

H -

Biomechanics of. Breakage
In Vitro Study

The breakage method of fracture by tension was used to measure the
strength of A. spicifera at different locations on the thallus. Plants
were secured with Velcro cloth to the arm and base of a pendulum
balance. Lead balls of between 0.5 to 1.0 g were added every 20 to

40 seconds to the opposite end of the balance until breakage occurred.



. 3
ey

3

o

. fholdfast; (iii) at a branch node when the holdfast and branch apex were

ar
g
.
]
»
.

Faur‘hifferent locations of breakage were assessed: (i) along fhe main
axis- of a branch; (ii) along the main axis of a branch adjacent to the

2

secured (abaxial angle); (iv) at a bramch node when the apices of the

-

. main axis and thé branch were secured (branch axil; Fig, 11). The mass -

- dn
necessary to cause breakage and the frond diameter at the breakage point.

(measured with vernler calipers) were recorded for 50 fronds at each of

the four -locations mentioned above. For comparative purposes, branches

of L. papillosa were also examined along their main gxes, as in (i) -

' .
above. . v M

-

~

In Situ Study
. . ) &

0

Plants of A. spicifera of known size and branqhing*patterﬁ were -
outplanted into phe Laurencia Zone to determine if breakage was
independent of halius location. _é, spicifera that were growing on
coral fragments e collected from the Thalassia Zone. The size and
pattern of branching of eéch plants were traced onto plastic slates, so .
that any plants losing branches, when placed back onto the'reef,“ﬁére
detected. Coral fragments containing these algae were secured by metal
stakes into the Laurencia Zone (Fig. 6). The\algae were then examined >
in the laboratory for losses at one-~, four—, and six-day Intervals.

Into both calm and moderate seas, 40 plants were noted for: (i) the

»
.

sizes of fragments broken off a plant; and (1i) whether the location of -

the break occurred at a branch node or internode.

o -

i‘-

»
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Figure 11. Mechanical Measurements of Breakage. Position of

»

Tge

—— algal attachment to pendulum balance when measuring the force required

E
E L

to cause bfeakage ofg\(gl) the main axis near the holdfast; (F2) the

maln axis; (¥3) the branch node when the the distal ends of the main
axis and branch are secured; ang (F4) the branch node when the holdﬁast

»

and the distal end of the Lranch wére secured,
\

\s
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Frond Survivorship - =

4 . ~

The survivorship of AV spicifera was examined by tégéing between 20

and 30 fronds in each of six permanent plots. Two piofs were located at

each of the Exposed, Sheltered, and Back~Reef Stations. -Fronds were A

tagged with 5-cm long plastic coated "twist ties" that were loosely

\]

secured between branches and‘whglﬁ identity and number were maintained
4

throughout the study."BrancﬁAlossEs were monitgred twice weekly for a
4-month period from 19 September to 18 December 1981, under both wet-
and dry-season conditions. Data were analyized using the Biomedical
Computer Program f;r Life Table Analysis at Dalhousie Univers&ty
(Anon., 1980). To assist in interpretation, Lethal Exposure 50 %
(1E50),

fronds, was calculated as:

the time required (days) to lose 50 Z of the originally tagged

[

P, - 1/2

Y

LESO = (ti - to) + i ’
~ . |
where (ti’ ty o4 1) is the interval for which Pi > 1/2 and Pi +1 < 1/25

(to)zis the time at the beginning of the first interval; (Fi) is the -
death-density function; and (Pi) is the estimgte of the cumulative
proportion surviving to the beginning of the i th interval. Also, the

mean survivorship period (y) was calculated as:

N ’
.
N
X

S0 m et T

Hng

%3
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where P(t) is the cumulative survival at each unique time of death.

Depletion curves were tested using an exponential scores test (or Savage

statistic) Proposed by Mantel (1966)1' For further information.consult

LN ]

B.M.D.P.” mannual (Anon., 1981). b

*  The percent cover of A. spicifera wg measured glong with

.

survivorship from four 0.3-m X 0.5-m permanent quadrats, located
adjacent to the survivorship stations. Each quadrat was,k divided Into

20, 0+05-m X 0.15-m subsections that were visually estimated for

: Acanthophora coverage. The mean coverage of 80 subsections defined the

1

-

percent cover for the station. : !

-~

Phenolggy . v
. A : \r
From January 1979 to February 1980, seasonal and spatial
informatibn on the reproductive phenologies of A. sEicifera and
“Ls papillosa was collected. From a permanent 30-m transect in the
Acanthophora Zone, 90 fronds (3 groups of 30) were collected in a
stratified random manner (30 fron&s fq; every 10 m) every fortnight;
Si@iléfly, an additional 90 fronds were collected fréﬁ a transect 6f
gimilar length in the Laurenéia Zone (Fig. 6). Plants were‘categorize5~

by reproductive phases (male, female, tetrasporic); mounted on herbarium

paper, dried, and deposited at- the National Research Council of Canada

Herbarium (NRCC) in Halifax. To inérease gample size, reproductive data

\_’/ a
.
.

P
A i ,

-
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were lumped into monthly intervals (i.e., six samples of, 30 plants for

each location).

Colonization

13

Acanthophora Zone

-
»

5 . -
The recruitment of Acanthophora fragments into the Acanthophora

Zone was examined twice weekly from 10 September 1979 to 22"October 1979

and from 23 January 1980 to'6 March 1980. Six plots (0.3 m X'O.S m) )

yere chosen randomly in the Acanthophora Zone and cleared of R

’Acanththora pléntshto expose a Laurencggrunderstorey. Aroun? egch ) N
site, a border of 0.50 m was similarly cleared of A. spicifera to serve

as a buffer zone: Fragments of A. spicifera that Were.recruited into

cleared plots and exceeding 30 mm in length were collected and measured

for overall length. Smaller fragments were collected but assumed to be

1

residual plant material and discarded. n
. ¥
Thalassia Zone - ‘ .
- ) ’ T '

. s \ F § - "
To test the substratum preference of fragments of A. spicifera and )

to examine how wave action influenced the colonization of these
~ A « > * ‘\ *

oJ o .
-
.
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T. testudinumg; (ii)_z.\testudihum with coral rubble; (111).2. papillosa.

fragments.ma;Led.with acetate tape were released individually into three

. ~ \ 50
« »
- "
w \ '\\ -

R v H . }
fragments in the Thalassia Zone, coral rubble and L. éggillosa were - )

2 -~ )
transplanted into Thalassia beds and examined for fragﬂ%ﬁt:xecruitment.
Five stations (I-V) were selected in the Thalassia Zone fﬁét
L
represented: (i) an exposed fore-reef locgtion; (ii) & sheltered .

fore~reef location; (iii-v) three back—reef locations (Fig. é)u Qach
. )

-

station consisted of three adjacent square-meter plots of: (i)

i 2

L. papillosa was placed into the Thalaasia meadOW‘by removing-a square

meter of T. testudinum and by placing the hard substratum to which the
L. papillosa was attached into the sediments. Neither the added coral
rubb%e nqr the L; papillosa repttsented an obvious obstruction for the
current flowing through the Thalassia meadow. After four months, plots

, \ .
were scored for the numbers of fragments present. 7Two hypotheses were
. e :

tested: (i) whether fragment colonization was independent of subgtrate;

(i1) whether‘fragment colonization was independent of station location,

[y

The experiment commenced 17 September -1980.

3

Y

4 . .

Fragment Snaggiﬁg and Attachment \§ﬁ> R ;
@ N « " L& 1
Specles and Habitat Comparisons . .
o | S

. N

\ . : .
The .snagging "of 8~ to 10—ct fragments of A. spicifera was measured -

in différent current fegimes and reef habitats. Between 20 and 70 .

o

different curreqf veloélxies (about:O:O?, 0.18,. and 0.24 m 3_1) from '

s
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T — - .
sia—-rub‘ple area (Fig. 6). Marked fragmehts were noted for the

) .

_ L8 .,
distance trayelled befdre snagging (i.e., remaining in the same positio

-

for greater than five minutes).and for their presence or absence “after

<72 hours., Fo!r comparat:'[‘ve purposes, L. papillosa fragments were

similarly evaluated in the' Acanthophora’Zone at current velocities 'of
) : ) ; .
1 .

" about 0.06 and 0.24 m's . .

~

v
s ! ) N ’

LY . . °
-

: Bhtés of Atta‘chme\t o . ) T . oL
> b x
. " . N ) = ) . N . :‘ -

RS . /4

R \ b
‘ N » . 2 . ' Y K\ - "
% The rates to which A. sgici%era attached to another frond of -,

o

v

A. -s:cg.ici‘fefé or to '_L:‘ papiIlosa,‘btestud"inum, or Porites-rubble were

" determineds For each compination, 40 pairs of plants were examined - . Do
daily for attaghment (1.e¥, the p&xysiéal bonding of tws fronds) over a - '

KS-day period. The ‘bas‘gs:‘ of each pair of plants were wrapped togethér‘ -

with foam padding and fhs_t:gned to l.27-cm Vexar k_etting LFig. -12). Such v .

an arrangement of plants insured

+

close contact between' épecies pairs.

< }

Thé Vexar Netting Yas f:héntseéured intzo the Thalassia Zone by metal
) ) 4 N A e ————— .

Fe

" » e, . RN

stakes. Lo , .. . ot . , ot <

'
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. ) Figure 12. Illustrated usage of vexar netting~and f‘gam padding .
| N ’ '
to pair fragments of A. spicifera with differept substrata. The percent ‘
. ' . - \ - ° »
“ - attachment .(i.e., the physical bonding of two species) was -noted each . R
’ 4 R *
» N »” . - .
. day from 40 plants A. spicifera paired with A. spicifera,
‘ . " - : - N .
- A . . . NI ' : -
’ L. papillosa, T. testudiyum, and Porites-rubble. Bar length = 33 mm. _ C e
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2.4 The Maintenance and Persistence of A. spicifera

Seasonal Variation in Laurencia papillosa Biomass

v

. L. papillosa is the most abundant species on the reef-flat ét
Galeta. Its importance to A. spicifera will be shown to be ' " )
unmistakable., Accordingly, the information on the seasomal abundance of

L. papillosa in the Acanthophora and Laurencia Zones was collected.

2

Procedures were the same as thogé described previously for A. spicifera

(see Spatial and Seasonal Distribution and Abundance).

.~

Aerial Exposures ’ . ,\\\

. -

Dﬁyﬁiﬁe Tolerance

-

The susceptibility to aerial exposure of é,‘égiéiféra was measured
,%y?siﬁulating/a‘midday reef-flat exposure. -Starting at midday, 45
”“f‘pnds (5= to —cm in leng'th) of A. sgicifér; were collected from the’

field, placed onto a damp slab‘of,coral rﬁﬁble, and allowed to dry in
direct sunlight fo; either 15, 50, 45; or 60 minutes., Fifteen fronds'

were collectéd at each time iﬁtervél, returned to seawater, and measured

N

for apparent photosynthesis (net photosynthesis)yand regpiration after

A ..
24, 72f th 96 hours. Fronds collected from the field and not exposed

«in the alr served as .controls.

"

The apparent photosynthesis and respiration of A. spicifera were

-

AR S L N
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measured Iin 1.19+1 bottles in a Puffer-Hubbard Uni-Therm Incubator
equipped with nine Sylvdnia cool-white fluorescent tubes. Bottles were
filled with seawater collected in the eanl& morning hours (0500 to

0700 h) to insure that seawater was unsaturated with oxygen. Fragments
‘were incubated for one hour at 27°C, and at 180 pﬁ ?—2 ;—1, and were
agitated by &ixing the seawater at a constant rate wit; maghéfic stir
bars. Oxyggn determinétions were made with a Yellow Spring Instrument
' Company (Model 57) Oxygen analyzer electrode. Apparent photosynthesis

was 'expressed as mg 0, 8 (dry wt:)_l h_l

. In bottles filled with
geawater only, phytoplankton production was noted and subtracted from
macro~algal production. . Throughout the procedure, the recommendations

of Littler (1979) were followed regarding the importance of container

volume, thallus weight, oxygen tenslon, and water motion. -

]
A

To compare the resistance of A. spicifera and L. papillosa to
aerial exﬁosures, 12 fragments of each species were simultaneously
. exposed on a paf%iy cloudy day (50 % cloud cover) for 30 minutes at -
1200 h on a damp ziece of ‘coral qubble. After exposure, fronés were
placgd into seawater tanks. An additioﬁal 12‘fragments of each specles

AY

that were not exposed in the air served as controls. Apparent

photosynthesis was then determined for all fragments after 24 hours. A
. i

recovery period of 24 hours ensured that measurements of apparent

photosynthesls reflected-actual damage to the alga, rather than

short-term effects immediately caused after injury.

K

M r B Y
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Nighttime Tolerance

P

L
4

- In addition to daytime exposures, nighttime exposures are common in
: iate wet~sea30ﬁ'(Adgust to October)., Accordingly, the susceptibility to
aerial exposures of A. éEicifera during the night-was assessed from two
0u4-m X 0.3-m X O.l-m déép "mats!’ collected from the Acanthophora Zone.
One "mat" was elevated out of the water on the reef-flat at 1900 h and
reéurned to seawater (i.e., seawater tank) the following day at 0700 h.
For a control, the §econd "mat" was placed into a seawater tank with
running seawateér at tﬁe begiﬁning of the experimgnt. Six to 10 fronds °
were selected from the surface and underlying areas of each treatment
and measured fér apparent photosynthesis after 24 hours (see abo;e). In
the experimental treatment, fronds found on the surface of the "mat"
were further categorized into partially and severely desiccated; when
collected from the field, severely desiccated fronds appeared black and
dehydrated, while partially desiccated plants were normal in appearance.

+

"Individual" versus "Aggregate" : . ,

s
» - 7
[l

In the Laurencia Zéﬁe, A. spicifera grows"as an "individual" within

the "aggregate" of'g. papilloga.. In doing so, "individuals" mgy be able

s /] o
to increase thelir resistance to withstanding aerial exposure. Because

"indiyiduals" of A. sgiciferé within L. EaEillosa "agegregates" could not

fu

be collected in sufficient numbers or without destroyiné the integrify

of the "aggregate", comparisons of merial exposure resistapce were made

L
’ * . N L

i >



L. papillosa were sampled, After exposure in the air, fronds were

3

k4

between "individuals" and "aggregates' of L. papillosa. "Individuals"
of L. papillosa could fhen be compared with those of A. spicifera, which
then could be related to the "aggregate" growth form of L. papillosa.

An "aggregate" of L. papillosa was collected on a single piece of coral
rubble (0.5 m2) from the Laurencia gone and pruned ;o that 24 single
fronds were isolated within clegred patches from the rest of Epe K
"aggregate"., Of the.fronds removed to form these-clearings, 12 fronds,
were placed into seawater tanks to serve as controls. _Hence; the fronds
used as the controls and those exposed in the air all came from the same
"aggregate", Fronds were exposed in the air by elevating the piece of
coral rubble just out of the water., At 15-minute interééls'for the
first 45 minutes, six fronds of L. papillosa ("individuals'™) were

collected. Similarly, at 15-minuté intervals for the first hour but

then hourly for Fhe next four hours, six fronds from the "aggregate" of

placed into deawater tanks and measured for apparent photosyntliesis

after 24 hours.
Photosynthetic Partitioning

Hay (1981a) found differences in apparent photosynthesis and
respiration between uprights‘and holdfasts of thre f~forming algae,
and concluded that the holdfasts acted as "resistant stages" besause of

their lower energetic costs. Similarly, the same mechanism could be

operating in algae that grow as "individuals'" or "mats". Henge,

#
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“appareng. photosynthesis and‘rggpiration of holdfasts and uprights of
o

T A sEiEifera were examined. Twenty intact plants were collected and cut

with a razor blade to separate uprights from holdfast, The darker
pigmgntation of the holdfast permitted it to be ea;ily distinguished
from 1ts uprights. Specimens ;;re held for 24 hours In seawater tanks
before measurements of apparent photosynthesis were nade.

e oo . . . @
Holdfast versus Uprighg,Tbleran;e a

If the holdfest of A, spicifera is a "}esiétant,sﬁage", then the
»

. «

ability of the holdfasts to-withstand aerial exposurés should be-

v .

significantly greater thansthat of their uprights. About 100.plants of

A..spicifera each possessing both holdfasts and uprights were exposed to

direct synlight between 1200 and 1245 h, (1.e., the peridd of time

oy
-

previously determfﬁﬁa to kill all uprights of A. spicifera). Prior to

i

the initlation of the experiment, plants were pruned so that light was -
» . s {
distributed even}y over the thallus. After exposure to air, thalll Were

returned to seawater tanks, cut with a razor blade to separate uprights
from their holdfasts, and examined for the presence or absence of.new

»

branches after three weeks. . .
-~

. /
.
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Competitive Interactions \
Y

Fore-Reef Biomass .
: ‘ hd \. Ll 3
. * 1

. Biomass samples were taken at the Exposed, ModerJtely Expoaed, and ~

-2 ¥

Sheltered Stations. . Transects perpendicplar to incomt g waves weré

LS

-

sampled for btomass in.a unifprm manner;’ome sample was\collected from™ "

every 0.5'm of. transect.. To increase, sample size, two dditional

v . -
» * \ P

“samples. were taken 0.5 m to the r&ght and’ left of the inktial sample.
° These samples defined the abundance and spatial distribuéion of

A. sEiciferg and L. papilloga at each ofy, the wave exposure 'stations.
. > ) . i '
Upon determining the location where.the bi f A. spiciifera was most
‘ Upon d ! g eca n'vhere. the blomass of A. sp ci a; s ;
“ - . S et £ . §
abu!ant (i.e., "center qf. distributfon¥);-a 10-m transect!parallel to
. . ) ! N i . - ‘ -~ . 0 .
‘incoming waves wag sampled for biomass»in a stratified random fashion;
1 . - ..

«one sample was collected,randomly from every 0. 5 m‘of\transect. Biomass

‘
o .

samples were then treated as previously described ﬂsee Spatial and

»

Se/eonal Distribution and Abundance).
“ .
Biomass samples (Febrwary 1979 to March 1980) collected from the

¥ \

Reef Bianass‘Study,.but res;?icted to the Laurencia Zone and to tHe ‘area
: Adj&cent to the Eqused Moderately-EXposed, and Sheltered Statfbnsw =
were examined for the degree of asaociation betweennA3 sgicifera and
L.«Bagillosa. 'The usu41 test ‘for association, the xz tpst for . ’
1ndependence in a2X2 table, was done following the procedures bf »
Piglou'(1974). Uking thic -ethod two- glants are :;1&.:0 be. positively

- l‘

agincictud if "the prescnce of one lpecies in any sampding p:ot Iakﬂf it

«
»
‘
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more likely thdt the other will also be found". The sampling area

around ‘each station was defined by transects 5 to 10 at the Exposed

¥

Station, by transects 20 to 25 at the Moderately-Exposed Station, and by
transects 28 to 32 at the Sheltered Station (Fig. 8). Because of the

large number of samples containing neither A. spicifera nor

L. papillosa, a negative association between the species was not
possible. The large number of samples éontaining neither species was
the result of sampling the entire Laurencia Zone and includiﬁg gamples

N collected during periods of aerial exposure, when algal blosass was at a

minimum.

- Abparenq Photosynthesis ) ’ e

’ -~

.
- -

= A / “ .

A . .

&
® M A .

i The rates of apparent photosynthesis of A. spicifera and

» *

', L. gagillosa were compared at temperatures ranging from 20° to 40°c.
. Thalli were exposed gradually, starting at 29° C, to increasing or

&
4(§; decreasing water temperature (5 C every hour), and sustained for one

a»,.\ w’ oy, . A
. hodr at th desired temperaturenbefore beginning the incubation period.

e

¥ . . Two groups of fronds were used: (f) fdr ;enperatures higher than 29 Cs
L] 4 - “

ey ' hnd (id) for those 1owen than 29 °¢. Appar¢ht photosynthesis was

. determined as previdusly de bed ‘for six rEplicates at eaéh !
. Pl v .- . 3 )

¢ ’ + 'temperature. e L - ~ ' )

L ~ o fu DI

“The” apparent photosynthasis of A. sgibifera “and L’ Eagillosa wa

- N
* - » - -

-

- measured in” different 1ight 1ntenaitias out&qors in'a trausparenﬁ water

'.-“ -

» ) bath which was fitted with uagnetic stirrers and neutral dentity n

L
»

ey
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"

- A

filters, Photesynthetically active light was measured every five :

Qinutes with a photometer, while temperature was mgintained between 28° K
;nd 29°C in a water bath. Six Eeplicates were used for each one~hour

incubation period. The mean apggreng photosynthesis was then pletted

against the average light intens&ty for each incubation period.

The rates of apparent photosynthesis of A. spicifera and

*

L. papillosa were measured over daylight hours (0600 to 1900 h ) to show
the rates of oxygen production of éhe.two algae under light and -
temperature -combinations found on the reef-flat. One—QOQr incubations
similar to those previously described were performed; flasks, however, .

were kept in a water bath that was continuously supplied lagoon water,

and were agitated with a magnetic stir bar at 15-minute intervals.

-

Water—bath temperature and avallable light were measuredwevery

15 minutes, ’ .

»

Overgrowth v . g

Algal Size p
- 13

Y

The size of A. spicifera and lrﬁpagillosa,plants (the distance from .
. . . . .7 9 -
the highest apical tip.to the boldfast) were measiired at the

Moderately-ﬁxposed Station foliowing a period of aerial exposure. After

abeut one week of continuous water cover on the reef-flat, plants “of -

A. spiciferg and those of Ls Bazillosa grqﬁing beneath A. spicifera wetre’ L
collected from 20 quadrats (0.15‘m X 0.30 m), randomly selected from

- .
~ N ) v Ll t
.

»
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»

areas doninated by éy'agici;era. All plantskwithin the qu&drate were
used untll approximately 100 plants of each speciee were collected.
Similarly, an additional 100 plants of L. papillosa found nearby but not
associated with A, spicifera were collected and measured. After five,
weeks the procedure was repeated. Howeve;, as a clear separation
between plants of L. Eagilloéa:'growing nearby and in associétion with
A, sgicifera could not be made, only the overall lengths ;)f A, spicifera
end L. papillosa were conparedt. Sample size was increased to about 200

fronds of each species. Plants were sanmpled initially on 10 September

1981 and later, on 15 October 1981.

Transmitted Ligﬂt .

» ¥
.

/

A. gpicifera and L. papillosa were observed to overgrow each ~0t'her-l" =

freqn&:,j:ly. In doing so, the overstorey specles rest,r‘it:ts‘ light to the

&

understorey species. To examine the reduction in light throu'gh the »

4 A .o

'’
overstorey species, "mats" of A. spicifera and "aggregates" of . - -

L. papillosa were collected from the reef—flat. At the Exposed . v

»

Moderately-Exposed, Sheltered, and Back-Reef Stations, two or three

aggregates" of L. .gagill’osa were removed with a razor blade from the

v .

gubstratum, placed onto a glass pane, and measured for pexfaent light

’

transmit,tance with a photometer. Sin:llarly, mats" of A. sgic:l,fera were

collected and' measured from the She,ltered and Back-Reef S‘l:ations. An. .

'ﬁttenpt was uadé to .select "mata" and "aggregates“ typically fo

leactr of the stations. ) N L '

- " .
’

.
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Removal Experiment RS ' . ' .
1 [ P e t
N E .
e
N\ . With dense "mats" of A. spicifera covering L. papillosa in the

\ A, sgicifera in the Acanthophora Zone gave credibilitz to this L.

v

Acahthogh6}a Zone, the growth bf Ldaurencia may be reduced significantly. :
ix plots (0.3 m X 0.6 m) were selected in the Acanthophora Zone' to
teriline 1f the "mats" of A. spicifera ifhibited the growth of . ‘

L.\papillosa. Stations were selected away from biomass transects and at

-

‘locations wherz the cover of A»‘spicifera was uniform. The assumption

was, made that the biomass of L. Eagillosa beneath the canopy of »
. A, sgicifera was also uniform throughout the plot. Prior clearings_of ., .

1

. assumption. One-half of each plot was then randouly selected by a toss - M
kY . ’, -

of a coin *and removed of all A. sgicifera on 2 Geptember 1979. For six_

months, the Lo Ragillosa 1n the cleared plots wss maintained free from -

* A. spicifera. Then, both halves of .the quadrat were haryested and

* £

’compared for differencee in the biomass of L. Eagillosé‘s . L

\
L]

* .
. 3 - . L
v * *
Y. ’ ®

Holdfasts versus Uprights L L . ’ CoL

To dntetmine if survivorship in iow light intensities was . ,
- "‘ & ﬁk \» 1 -

independent.of thﬁllua.lqgaflon, individuals of A. sgicifera possessing < o ‘

-
N »
du \# R LI

u srights and their' 1dfasts were suﬁjected tof (i}etotal darkness in
P 8 ¥ J

a3 ®

£ 0 09m diameter’x 0 lﬁdm ttll vesaels filled with sgawatex, (ii) total -

.. -
. - . ©
L d P & LY

dlrkness in fwo vessels.(0.09-m diametet X 0.161? tall) with seawater ' \—///—
' I v . . a ¥, o -

v v

puped throdhh the vetsels*at a two- to three~ninute turnovev rate,
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(111) low light intensities bemeath four "aggregates” of L. papillosa

. +

that were fitted to the open sides of four darkened vessels

“

(0.09-m diameter X 0.08~m tall), submerged in seavater just below
. A

¢ # . . 'S ¢
surface level, &nd sprayed with a jet of seawater. Each treatment

¢

Jdnvolved the use of 30 to 50 plants. Seiwater temperature remained

' between 26° and 29°C thyoughout the experiments. After 24 hours ’in
. S .

h i

treatment one, and two weeks in treatments two and_ three, frondg were

¥

[ «
removed from their containers, sectionediinto uprights and kgldfaats,

~'pla{ced into dutdoor seawater tanks, and examined for new branches at the

' A

‘ end of three weeks. '
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3.1 Measurements of Environmental Variables
- § ' Con R
Water Temperature (Maximum—Minimum) . . '

. i

P “ R - . . !

4 ’ N ' v

- B v
-

Seawater temperature varied between reef-flat locutiana, with monthly

-

maxinum and minimum temp%ratures generallydocqurring in the Acanthgghora "

Zone rather than in the Laurencia Zone (Fig. 13) Tenperaturesvin the

o

1

Acanthqghora Zone ranged fron 23° to 37° C, while those gn the Laurencia

Zone ranged from 25% to- 37 C: From December td April (ﬂry seanon),

w - - <, - -

" minimum templratures occurred‘when solar irradfance was at a minimum -and
N : { ’ -
- when wind-generated waves pushed cooler offshore.waters onshore. 1

Conversely, héxignn«tEipqratures coircided with wéf-seasqn aerial‘:

«
*

exposures that occurred from May to November.

M

Solarimetry ' . . " o - "

n . »
v - f
- “ ) . ‘
» . ’

Maximum solar irradiance occurred from January to April ahd ﬁiﬂimum.
. )
irradiance occurred from June'to NéVenber. " In 19?9 March ‘bad the

v
" ~ ' o

highest daily average of solar ir:adiance (2 19 X 1Q § em ddl). ‘From
B April to June, solar irradiance decreased to 1. 56 x 10 J cm ?Ydtd, :
followeqpby a'moderate incf&ase to a wet-season high of to ’
1.83 X 10 i quz ! -1 in SeptenLer.‘ Solar 1rradiaﬂce then‘dinieished to’ ‘

a minimnm of 1,37 X :0 j ~tm -2 d’1 iq Novembe;, the peginning';f tbe,dé}

B ¥, -
R . . ' T o . .* '
3 \ . , ‘- ) 7 S 4;
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F‘igure 14, Solar Irradiance at Galeta Point, Pahama (January

v

. 1979 to March 1980). Data were provided by J.D. Cubit, D. Windsor, and

. 4 - v

Js Thompson as part 'of the environmental monitoring data from Galeta

7 -

Point,‘- Smithsonian Institution Environmental Science Program, S.T.R.I.

Vertical bars indicate + the standardl deviation. All values were .
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. Tidal Elevation and Aerial Expoﬁures

v

¥

geason. After November, solar irradiance increased.to a maximum of

about 2.30 X 103 i cm-'z'dm1 in February (Fig. 14).

&

“

-
'
- “ v
-
N -

o

x
S

In 1979 and 1980, the maximum tidal amplitude was 0.6 m at Galeta

» ~

Point; 0.22 ??was‘the minimum tidal elevation, as recorded on both 10 .

'September 1979 and on 3 June 1980, while 0.82 m was the maximum tidal

»

elevatiop, recqrded on.19 Dqgember 1980, In general, the highest tides
occurréd during twe periods:(Deqube; thr?ugh Februﬁry; and July and

" August. Efriods of~1owiwater that resulted in aerial exposures of the
reef took‘plac@tgénerélly from May to:Novepber (Fig.‘IS):

, Of the blotic zones on the reef flat, the Laurencia Zone was
hexposed the mo;t frequentfy (Figs. 16 and 17). A-typical aerial
exposure averaged 5.2 hours incl979 aQE 6.3 hours in 19 6. In the

’.Acaﬁthéghora Zone, aerial exposure averaged 4.3 hours fn 1979 and
5.5 hours in 1980 and occurred in May and June (Fig, 182: When the
Laurencia,Zone is exposed in the air; seawater no longer flows over the’

Y

reef surface. Accordingly, the Acanthophora anq Thalassia Zones are

F L
either left in stagnant wa;er‘or exposed in the air. In 1979 and 1980, .

3

P .

such conditions prevailed for a maximum of 18 hours. The' longest series
of consecutive dafﬁime exposures was 38 days in the .Laurencia Zone and

“ 9 days in the Acanthophora Zone.” Daykime exposures were confined to two

3> -

petiodﬁi May and June, and September and October. Nighggime exposures.:

"occurred primarily from September to November (F1531 17 and 18).
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Figure 15. Daily Tidal Elevation Range at Galeta Point, Panama

(Fé‘bzum 1979'1:0 March 1980). Exposure in the air of the Laurencia ’

Zone occurred at tide gauge elevations of below 0.30"m while those below

0.24 m exposed the Acanthophora Zone. ‘Data were provided by J.D. Cubit,

. ' . .
D. Windsor, and J. Thompson as part of the environmental monitoring data

-

from Galeta Point, Smithsonian Institution Environmental Science

®

Program, Se ToR.- Te - - 4
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Figfxﬁ 16. - ~ The frequency of Laurencia Zone expasures,in the air ¥

." “at Galeta Point, Panama ( 1975, 1950,’vand 1979-80" pooled data). Tidal

élevation data were provided i)y J.D. Cybit, D. Windsor, and J. Thompson

.

vas part of the environmental monitoriné data r<;fu Galeta Point, .
part ]? ;’

*  Smithsonian Institution Environmental Science Progr:etm, SeTeRaTe
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Figure 17. - Daytime and Nighttime Aerial®Exposures (h'mo ) of * !
“r 1] . ® d Ehd ®
! ‘the Laurencia Zone at Galeta Point, Panama (1979-80). Tidal elevation
. — e { N " < -
.t - d o -
A data were provided by J.D. Cubif, D.'Windsor, and J. Thompson ds part of
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g ¢ o
the environmental monitoring data from Galeta Pajnt, Smithsonian
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Institution Environmental Science Program, S.T.R.I. . .
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, Figure 18.-
-

the Acanthozhorg, Zone at Galeta Point, Panama (1979-80)9.

w

elevation data were ptovided by 1.p. Cub.lt D. Windsor, and J. ‘I‘hompson
/.

’

-

Tidal

as /,p\art of theuenvironmental monitoring data from Galeta Point,

Smit:hsonian Institution Environmental Science Program, S. T.R.I-
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Wave Exposutfe and Water Velocity . . ; '
L d /.4'
Wave~exposure gradients occurred along the fdréﬁreef in the, .
- 4 R A? n
Laurencia Zone and from the Laurencia Zone into the Acantho hota Zone. Y
Bei it il [ ,__,_._JL____

~ From 2 Vovember to 12 December 1981, . the wave forces (Newtunsssthat

were exerted on 2.54-cm diameter sphefes averaged 2.08 N at the Exposed ° '“\\

S

Station,‘l.zs N at the Moderately-Exposed.Station, 0.88 N at phgl

T 'Shelgered‘Station, and 0.17 N at the BacK-Reef Station; the differences

B < i 2

in wave_forcé at the Moderately-Exposed and the°She;tered Station werea s S
7 Y #
4
not significant (Table I). The Back-Reef Station, I{ke the Sheltered o -

’ - .

Stations, was affécted little by dry-season storms (Fig. 19). An 3

increase in water depth during storms dampened the energy exerted on the \
b d

reef surfaces v . e

B .

At the fore— and back-reef stations, gradients of wave exposure

e

measured by force meters were also indicated by measurements of water
- 1

‘velocities. Water velocities were highest,at the Exposed Station and
lowest at the Back—Reef Station and were not significantly diffepent
_-between the Moderately-Exposed and Sheltered Stations (Table If and

Figure 20). Velocities of water in the direction of incoming [wave surge

net flow of water to the right of incoming wave surge {133,, long shore

» *
+ A -

of the backwash (Table II).

ng wave surge had the most

direct effect on algal populations, cau¥ing/ the fragmentétion of -
g ' . 3. n o YT " i
As spicifera and the remove}:ofg&, paplllosa "aggregates" fromthe. ~
iff . ) t )
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Table IT."'

at the Eggosed Moderately°Exposed Sheltered, and Back-Reef Stations -

@

(N0vember 1981).

-~

o

Two-way Analysis of Variance Table evaluating water velocity

df . S ns ¥ P
.' 3 i *
' - ) ’ o ‘
. Location -3 1.43 0.48 , 160.0 "< 0.
- * Di,t'ECtion 3.. Q167 0.22 75.1’ < 0.001
Error 240 "0.71 ’ '
* Total RELCIEN bbb -,
) * ) Mean Curfent Velgcity (m s—l)
. R .
CurFent @iyention. 1 - 2 3 4
- s N . ) - ’
u At L]
. \\; 7
Station: Exposed  °  0.52 o+ 0.22 0.20 0.17 |
T, Moderately, 0,17  0ul7 0.11 0.05
Exposed I : .
R ‘ ' e . )
( Sheltered ' 0.02  0.14 0.20 0.07
‘ Back-Reef  0.21 0.14 |

>
~

L)

[0.00° /0,00 .
\ —

N

e

(l) Vertical and horizontal bars span groups-that are not significantly
dlfferent in exposure to current velocities (Newman-Kgyls Multiple Range

Test, p < Q. 05)

"

to the right of ‘the station, and (4) is the to the left of ‘the st_:ation,.

4

I3

»{2) Current direction: (1) is incoming wave surge, (2) is backwash, (3) is
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-

' reef flat during moderate sea conditions. On the reef flat, water

A

supstrata. ‘Among fore-reef stations, water velocities were
. b .

o % -

¥l o Y oy o N
significantly different when measured ih the direction of incoming wave ..

surge; they decreased in intensity from the Exposed to the Sheltered

e

Statian‘gTable ITI). Water fslocities’averaged 0.52 m s_l at the - s

? [ ¢

Exposed Stat;;n,aqgl7'm s“1 at the Moderately-Exposed Stationm, . a

*0.02 m:s“l at &ﬁé.syelterié Station, 0.21 m s-1 at the Back-Reef ~
Station. At the BackrReef angd. the Moderately—Exp;seé Stations,, water
9ve£2cities were similar. ?hese stations differed, however, in thé type -
Pf,waégrumPtion:‘Ehe Back-Reef Statlon had a.;teady Q9nizonta£ flOW'pf;

e

water (current); and the Moderately~Expoged Station had a turbulent or
LS . . .

J . 4
wviolent flow of water that was generetéd by breaking waves.
Flgure 21 shows.measurements of water“velocity taken Ph;oughoﬁf the

- -

velocities changed substantially over distances of a few meterg

(Fig. 21), Spill-off areas (lacations where water was channelled off °

. >

, the reef) were detected in two fore-reef locations; here, water
fvelocities frequently exceeded 0.7 m shl. In the back ree&f, current

velocities were hiéhest adjacent to the S.T.R.TI. Laboratory, especially

B 2

when large volumes of water surged over the reef flat, Water velocities

-

W ® N i '
of about 0.1 to 0.25 m s 1 normally occurred throughout the Acanthophora

Zone and exceededm%.BA m s“1 during some dry-season Storms.. ’
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+ %
Table III. Analysis of Variance Table evaluating”the water
velocity of incoming wave surge at the Exposed, Moderately Exposed,
Sheltered, and Back-Reef Stations (November 1981). )
: FZO .
v df , S8 ns F . T p
—A. - - 4 3 - -
Location 3 .. 2.15 0.72° 118.6 < 0.00L °
Error - 60 0.36 0.01 .- * .
Total 63 . 2:52 - .
z v .
. E Water Velocity (m s 1) -
Location N, + Mean Sh
Exposed L . 0.52 0.10 |
Back-Reef 16 0.21 0.1l
" Moderately 16 0.17 0.04
Exposed .
Sheltered - 16 0.02 0.01 ( w

5\

-

(1) Vertical bars span 'groups that are not significantly different in
exposure to water velocity (Newman-Keuls Multiple Range Test, p < 0.05).

’ o

?b L]
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Figure 21. Mean velocity of water measured relative to iﬂcShing .

.
’
'

waves at selected locations on the reef flat at Galeta Point, Panama

v
s

(5 December 1981), Bar lengths,(vectors) indicate the mean velocity and

- ¢ 0

direction of watér. Gurrent velocities at each station wefe measured

v > ‘
~

to

over a 15-min period during 'moderate, dmy-season conditions. Spi 11-off

= A location wheré'large volumes of water are channeled off the reef
. b}

*

flat. L ¢
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. Fore-Reef Topbgraphy

?/ .
. The Exposed and M;derately—Exposéd Statibns.were about b.lé m
ﬁighet in elevation than the Sheltered Station, and the
o 0 i ﬁoderatefg—Exposed Station was: a few centimeters higher in elevation

#
than the Exposgﬂ~$taticn (Fig. '22). The lower elevation of the

-

by an adjacent channel of water, which left large pieces ‘of rubble on-
the reef slgpe. At the more exposed stations, logs regularly drifted

N
-*ashore and abraded extensive areas of the fore reef, causing localized

., differences in reef elevationm. h »

Substrate rugosity was significantly greater in the Laurencia Zone
' ‘thandl the Acanththora Zone (T.= 10,73, df -24, P < 0.001). This
unitless measurement of rugosity in the Laurencia Zone (X + 8D;

[ SEE ¥. 0.68 + 0.11) was more than twice the estimate observe’d in the
h Y

)

Acanthoghora Zone (X + SD; 0.31 + 0.07). The greater rugosity of the
Lauren&ia Zone was attributed to the numerous small depressions and

crevices that occurred in the substratum. Otherw%sé’a carpet of algae .

'

' obscured the reef gurface.

‘

“a

) .

Sheltered Station resulted from previous undercutting of the fore reef . ;

s
%

v
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Figure 22.°

-

relative to.reef elevation at the Exposed, Moderaotely—Exposeé, and

Sheltered Stations.

Galeta Point, Panama (September 1981). As = A, spicifera; .

Lp= L. papillosa; T

e, -

°

The distributign of A. spicifera and L, pa 1llosa

91

/o

Elevations are expressed relative to tide gauges at °

[

v

s
“

= T. testudinum,
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3.2 ~ The Fragmentation of A. spicifera . . ’
- . L . ! N
. ' : ’ - ‘
‘Spatial Distribution ’ T Cod

. {/ v

* A. spicifera was found pre‘gominantly in the laurencia and
Acanthoginora Zones and cfisplayéd a gpatial distribution’ on the reef flat
similar towth'e dist¥ibution 6f L. papillosa (Figs. 23 and 24)s;
A. spicifera and L. Eagiillosa occurred at the highest (Fig., 22) and’
lowest (Fig. 3) reef elew;atic'uis. 'In the Laurencia Zone, A. spicifera
oc‘cupied a narrow band within a much broader band of L. papillosa. As
wave exposure diminishéd a.‘%éng the fore reﬁef: the spat'ial distributions

‘ " ’ .
of both specids expanded; this expansion, however, was not entirely .

uniform (Figs. 23 to 25), reflecting many microhabitat differences. As

-

~shown in Figure 22, the seaward margin of A. gpicifera encroached upon
- / .

that of L. papillosa’as wave exposure decreased.

\

S
In the back reef, the distribution of A. spfcifera was confined to
' ¢ . ’ ) - —L—r—t—
the Aéanthoghora Zone or to beds of T. testudinum with coral rubble.‘ In
general, the Thalassia Zone contained' little A¢ sgicifera'(hFigs. 23 and-

26).  When T. testudinum was colonized by Centrocerus or Spyridia,

<
T

LR

o 1

yau
however, A. sgicifera was observed to recruit readily onto the ,'.f‘.halassia

blades. 1In the(ba—ck reef, L. papillosa had a wider distributlon than . .

A. spicifera (Pigs. 23 and 24) and occupied most of the available hard -

substratum. L. 11losa served as the princi;ial\substrzytum for
A. spicifera in thianthoghora Zone. . ]

’
. ._ A

>

-
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Figure 24. . Spatial distribution of L. papillosa on the reef

flét at Galetg Point, Panama. Pooled data from Reef-Blomass Study

(Febfﬁary 1979 to ﬁaxch 1980). Each mark kndicates a,location of a
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Wave-Exposure Station transects occupied by

v

from Reef-Biomass Study (February 1979 to:'Mar

. ‘spicifera. Pooled data
1980) and Whve—Equﬁure
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giéure 26, Spatial distribution of T. testudinuk on the reef

flat at Galeta Point, Panama. Pooled data from Reef-Biomass Study

(February 1979 to March 1980). Each mark indicates a location of a

biomass sample containing T. testudinum.
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Seasonal Abundance ) v

8 7
< ~ \

From February: to August 1979, there was generally a greatér biomass !

-

of A. spicifera in the Laurencia Zone théﬁ in ﬁﬁE‘Acanththora Zone,

Conversely, from September 1979 to February 1980, there was a greater

a

biomass of A. spicifera in the Acanthophora Zone than in the Laurencia

‘Zone (Fig. 27). Also, increases in the the biomass of A. spicifera in

i

the Laurencia Zone generally preceded increases in the biomass of

t

A. spicifera in the Acanthophora Zome. \

[

From February to April 1979, conditions for the growth of . .

~Ae. spicifera were favourable (1:53, periods of mgximum solar irradiance

I4

and minimum aeriel exposures [Figs 14, 15, and'27]). A. spicifera ' .

obtained a maximum biomass of 64.6 and 53.8 g (d wt) m-'?7 in tHe

v

Acanthophora and Laurencia Zones, respectively. When aerial exposuresqiL ' -
o .

5 ]
Al

'.‘wer? mbsg inténse (Ma;—June), the abquancé of A, spicifera was at a
ninimum. At thaf time, most uprights of A. sgicife;a were killed and
removed from the plant, with only the holdfast” of the plaqt remaining.
Healthy plants were found only in’ areas splashed by waves. After June,
A, séicifera in the Laure;cia Zone rapidly recovered from the aerial
exposures and increased to 59.0 g (d wt) m_g by. July. The biomass of
é, spicifera in the Acanthophora Zone, however, increased at a slower
rate to 42,2 g (d wty mfz by September. With tﬂe onset of the dry,

season, A. spicifera was again reduced to low abundance

(about 25'g (d wt) m—z) both in the Acanthophdra and Laurencia Zones,

but later returned to maximum levels (about 66 g (d wt) m—22 bg January.. -

4
*®

;o L ,
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Figure 27.

. v~

Seasomality of A, spicifera biomass in the Laurencia

7

T

103

P

and Acanthophora Zones (February 1979-80). Vertical bars indicate + or
-

- Bne standard deviation from the mean. n = 100 for each point in the

Acanthophora Zone ( ® ).
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In February, stormy seas reduced the abundance of A. sgicifera in the . *

Laurencia Zone, but had little effect on A sEicifera in the

v

.- gﬂthoghora Zone (Fig. 27) X N
- » . fl .
) Drift Sampling ) . Co
. \ - - ¥
Y . . “ = -
. ’ It was deduced from recaptured tags thﬁ? a sampling area of 1,32 ha

i

remained. stable throughout varied sea conditions.. The five nets

I
¥

] coFlected’ drift materials from roughl§ equivalent sampling*area§; net 4
. . . r "

.sampled the largest area of 4988 m2 and net 3 sémpled the smallest area

o

( . Gf 3330 m® (Table IV and Fig. 28). The largest portion of the Laurencia -

’ P
s

Zone was sampled by net 5 (893 mz) and the smallest port;on'was sampled

pyhnet 3 (350 n2). As shown in Figure 28, tags that were released imto

the fore reef and captured.by the nets were funnelledJinto the back 2
reef. Nets i, ?» and 3 sampled fore-reef areas from the Exposed to the

. § - ~d
Moderately<Exposed Stations, and Nets 4 and 5 sampled Erom the

. - . ’ <
« Moderately-Exposed -Station Fo the Sheltered Station. b .i;:f

' Nets 1, 2, and~3 coIlected 83 % of the drift biomass, which

s

1nc1uded 90 7 of the drift Acanthoghora. .The sampling areas of these

» . . . three nets included the entire Acanththora Zone and delimited a darrow

[

- strlp of reef through which most drift material passed (Tables V and VI,

+ * and Fig. 29). As drift.biomass included“many calcareous algae, and

- \ : . - -

. Seeds,‘branches; and leaves of higher plants, A. spicifera constituted

" A only 6.1 % of the collected biomass. When drift materials were

- )

. Y 3
o restricted to only reef-flat bideh,_g. testudinum, ‘L. papillosa, and

a ‘ $
.

. v a

' 4 » ot

£

ad

-
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predetermined locations on the,reef flat.

N\

of -

Table IV.

2

[4
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Sampling area of each net .collecfing drift bidmass.
Marked tags_ (45.mm “ pleces -of Surveyor’s Tape) were releaged from

defined the sampling area.

°

-

t

Tags collected by the nets

v o~

-

Total Sampling

5

Net no. Laurencia Zone
! ) Sampled (mz) Area (m2) . .
) 1 426 4719
2 . 382, 4341 - !
_ 3 . 350 ° 3330 -

° 4 : 530 4988

.5 . 892, 3378 , -
Total 1-5 ° 196 - 13,216 m®> =  1.32 ha.

a
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Figure 28. Sampling area of each net collecting drift biomass.

s

In different sea conditions, marked tags (45 mm2 pieces of Surveyor’s

.

Tape) were released along two transects at predetermined locations,

*ﬂ
Tags collected by the nets defined the sampling area. . .
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- Table V. Analysis of Variance Table evaluating Total Biomass

collected by Drift Nets (January 1979 to March 1980).

L . *. N
.u

=5

.‘4 ‘ o df ss °ms \F p‘
Sampling Net™ 4 4355866 1088966 12.9 < 0.001 -
. . Error 315 26615349 ° 84493 L
' -t . Total - 319 30971215,
) ) . . P '
- 3 \ ma— . v - o
- \ , ., Total Biomass g (d wt) .
Net no.- « N Mean 1)) B,
. - : - -
. (1 64 Y 420 . 353 .
. ot ’ L2 64 375 309
L 3 64 388 | 385 ’
L 4 64 . 223 " 195 I .
T . 5 64 . 114 127
% . . A
. - * .
<) (L Verti’cal bars span groups that are not significantly different in
}:'* . abundance (Newman—Kegls Multiple Range Test p < 0.05).
L 1
¥ r ;‘ ' ’ »
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Analysis of Variance Table evaluating A. sEic:Lfera collected

in Drift Nets (January 1979 to March 1980).

2

s

., I T ss ms p 5
b\ . *' : - . - \
‘Sampling Net ' 4 ., - Jh3ss 10856 - 15.5 0.001
~ - Error 315 St 1220488 7 700 . .
Total " 319 ° 263906 ' ‘.
¥ -, 5 v L , R ,’ "
. ' » A. spicifera Biomass— (d wt) |
Net no. N R Mean 8D : : <
N »* ' i w
: 1 64 30.9 41k ‘ *
2, 64 27,8 31.5 .
R 64 25.2 26.4 .
4 64 . Tt 6.7 9.1 ) .
5 64 N 2,5 . 4,3 ’
(1) Vertical bars span groups that .are rot significe}ntly different in

abundance (Newman-Keuls Multiple Rangg Test P < 0 05).
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Drift Nets (1 February 1979 to. 31 March 1980).
W o > >

snets (0.91-m high X 0.46-n wide) cantinuahsly sampled drift as it was

removed by a unidirectional current from the reef flat.
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efficiency of the 'nets, the total bilomass of a speé-iég lost from the

113

A. spicifera were the major components in decreaéing org;r of abundance.
Noteworthy was the cbseryatio; that more Ll.p ag’illbsa was removed from

the réef in large clumps (i.e., “aggregates") than as single- fronds. In

2
.

October and November, "mats" of A. sBicifera were similarly torn from

their substrata'at the Sheltered and Back—Reef Stations. -

Nets cgllected between 0.8 % and 3.6 % of the released tags, with a .

mean tag captizé of 1.8 # (Table iIII). U»sing;lb.S % as the collection P

3

1.32 ha sampling area was estimated: A maximun of ‘about.
— - K & A U S Ie.'d
245 kg (d wt) mo 1 of algae was removed ‘from the reef “flat in February

1979, with L. papillosa hbeing the major component, followed by

£

A. sgicifera. In general, more biomass of L. papillosa and A. sEicifera

was torn from the reef flat during the dry season than the wet season.#

L. Eagillosa lost more bimnass from the reef flat than A. spicifera from

A

Janpuary to July, A. sgicifera however, lost more biomass than

Ny

Eagillosal from July to October.  From November to March, more drift
< .

biomass of L. Eagillosa than of - A. spicifera was collected. these v
cycles of bionass suggest that: during .periods of intense wave-action -~
(dry season), more biomass of L. papillosa than A. spicifera is xe;nbved

: . = )

from the reef flat; and, during periods of calm seas and minimum aerial -

’

exposures (Ju}y-—Octo,ber), more A. sEicifera than ..I:' Eagillosa is removed

-

from the reef (Fig. 30). R .

When the drift biomass of A. sEicfféra and L. °Eagillosa was each

-

standardized to one square meter of &at species and expressed as wet

welght, A. spicifera sustalned greater losses of biomass than’ b

.

A
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Table VII. Sampling Efficiencies of Drift Nets based upon the release e
and capture of Ea}} during different sea conditions., : -7
‘ Date Transeét Sea State Tags .Efficiency
. Released Captured .
. » tJ - »
b .
1/14/80 0 c 2600 39 0.015
o ¢ o 1/23/80 " 0 c 1150 - 22 0.019
1/23/86 I c 800 17 0.021
2/8/80 0 H 1400 47 0.Q36 ' »
2/8/80 - i B * 800 8 '0.010 )
‘ 3/7/80 0o M 1400 19 0.014
3/7/80 1 M 850 7 0.008 .
' \
7
" Capturé Efficlemey (X + SD) =  0.018 + 0.009
— T
‘ (1;{ 0 = Quter Reef Tramsect, I = Inner Reef Transect,
(_%) Sea State: H = Heavy, M = Moderate, C = Calm .
. @ .
- v J *.
’ ' £ ’ -
* ~

AR AR § L,
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Figure 30, Biomass of A. spicifera and L. papillosa removed

from the reef flat at Galeta Point, Panama (1 February 1979 to 31 March

1980). (A ) L. papillosa; ( A ) A. spicifera.
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growth decreased to 1.3 mm d - in the Laurencia Zone and to 2,2 mm.d

in the Acanthophora Zoné; this was pyeshmably the result of increased

’ 117

gagillosa. As A. spicifera has 5 7 more water per unit dry weight

EECNE

than L. Eagillosa, these data were expressed as wet welght to achleve a

closer approximate of the quantity of drift in the water. As shown in

Figure 31, A. spicifera had mgkihum losses of aﬁout*;

570 g (w wt) mfz mo?l in Febrﬁary and Sepgahber 1979-and Janugry 1980.

L. papillosa lost most of its blomass in February 1979

L4

’ {360 g (w wt) m'_2 mo“}); for the rest of the year, maximum losses of

A L

L;ﬁgagillosa were cogpparable with minimum+ losses of A. spicifera

(105 g (w wt) m-'2 mo’“1 [Fig. 31]1). (See Appendix II and III for Ffurther
‘ ’ ‘ \

‘sampling information.) - . N

@h '
. r

»

Monthly Determinations

T4

b

W;th the exceetion oé May, June, anquuly, A. spicifera grew at a
rate of between 3.5 and 2.0 mm d"l (Fig. 32). For the 12-month period,
fragments in the Laurengia Zone averaged 2.8 mm d—l, while those in the
écanthoghora Zone averaged 2.9 mm-d—i;;these-differences were not

M L

significant (ANOVA, F = 0.44§ p > 0.05). Hence, the growth rate of

fronds that were collected from the Laurencia Zone did not differ when

measured for growth in the Acanthophora and Laurencia Zones. 1In Mﬁ&,

£ - -

1 . -1

&

seawater temperatures (Flgs. 13Land 53).' Periods of maximum growth
KV " .

-

» * n
- F

*ge

s
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Figure 31.° Biomass of A. spicif nd _I_“.Qagillosa removed

from the reef flat of Galeta Point, Panama, when the drift biomass of a

»

species wag, standardized to a square meter and expressed ag wet weight

s

(1 February 1979 to 31 March 1980). ( AQ L. papillosa; (A )

¥
A. spicifera. ,
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Flgure 32.
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Seasonality of, A. spicifera g?rowph in the *

*
. .
v - ¥ v P * . 4 >
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Acanthophora Zone (4.7 mm d-l). . . ) T

Reciprocal Growth Experiment

. R . -
1 « - b -

. In February and August 1975; aﬂreciprocal‘growth experiment  was

s

done using fronds of As sEicrféré from:the Acanthophora and Laurencia

Zones. As shown in Table VIII, the growth of A. spicifera depended on
- B “ [ Al i,

. " .
the location from which the fronds weré collected (Acanthophora and

Lau¥encia Zone fronds) and tﬁe‘period of measuréhgpt (February and

e

L, on
August). Station effects (Acanthophora and Laurencia Zone) were not

significant, In February and August, fhé growth rate of fronds

collected from the Acanthophora Zone was grééter than that of those:

callected from the Laurencia Zone (Table VIII). 'Algo, the growth rate

<

of fronds was significantly éreatg§fin’February than in August, With no

significant station effects, the groch data of plants that were

collea*éd from.the, same location were pob}ed. The growth of ;o !

A. sEiciferé from the Acanthophora Zone averaged 4.8 mm d_lwin Febfhary
B 3
and 4,1 mm qfl in August, whide the growth of fragments from Ehe
A . 3

Laurencia Zone averaged.3.2 mm q—l in, February and 2.9 mm d-l.in.ﬁugust.

'
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x

"
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Table VIII.
evaluating ‘the growth of A. sgicifera.

" Reciprocal Growth Experiments.

.

Analysis of, Variance Table
Fifty fronds wete collected. in the

Acanthoghéra Zonge, placed into enclosures, and transplanted into the.

Acanthophora and Laurencia Zones.

Q } ’

. An additional 50 fronds that were
collected in the Laurencia Zone were similarly treated.
measured over a one-waek perio‘d in February and August 19794

J

Growth was

- M ‘ - P -
/ af - 58+ » " ms - Foo p '
Station 1 © 0.9 10'.9 S 0.4 - >0.050 ¢
JFragment -1 T 25.8 25.8 10.1 ' < 0. 001
. Location oo ‘ ,
> Period 1 136.5 136.5 5446° < 0.001
Error 204 523.4 2.6 ' .
Total . 207 68646 . . _— T \
. ‘?'t ’ ’ - . o B
oo, & Acanthopliora -Zone ‘' Laurencia Zone . '
., Fronds _ - Fronds - .
Period: ’ X+sp ‘ .Y
February 4,80 + 0.80 3.20 + 0.76 -
August 4,13 + 0,64 2.85 + 1.82 . ]
(l) :U'ﬂits = mm d..l P /" B .7 \ ’
&’ - :
~ g ~(. ‘ 7 ‘¢ , ;
- g . ‘ - PR
) ’ ) ' ¢ )
[y ‘k - .
X A i . P ., . R .
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Morphology N . h . .
. . " s - . o v
' Botanical Method - o . _—
v 1 . E -
- . In general, fronds of A. sgicifera in the LaurenciaVZone were °

shorter more -eompact, and -had fewer branches than fronds in the

’3; ; AeanthophoraYZonem Measures of branching compactness the distances

-

' from the holdfast: to 1st—order branches and from the péin axis to the
fixst Ind-order branches were less in the Laurencila Zorie than in the
, —_— X .

R -d . Y .
Acanthoghora Zone (Fig. 33). Also, the»distance from the holdfast to

lst-order branches increased with increasing degrees (1 .2, first,_

Y

second third, etc.,) of lst-order branches in the Acanthoghora~Zone'-

4

this pattern, however, wasg not observed in the fronds in the Laurencia

. -

Zone,’ where the distance from the holdfast to lst~order branches

+

"« “lst- and an—ordered branches were examined %hey wvere shorter in the

P

» Laurencia Zone ﬁhan in the Acanththdra Zone (Fig. 34) Together,vthese

.7

Ao the Laurencia Zone vere more tightfy'branched than fronds An- the

Aeanthoghora Zone; drd- (ii) fronds in the Laurencia and Acanthophora

r o r

Zones differed in how branches emerged from' the main axis, o ?

-
1

The branching.complexity of A. sgicifera ranged from one to five
. .
- orders "of Jbranches-in the AeanthoBhora Zone and from one to three orders

Ve

in the Laurencia. Zone. In genera ; little difference was observed in
= Tere ; ,

the compobition of ordered pé@néﬁ between the Acdhthophora and ,
! ) ) A

1‘&'.

averaged about 5. m. As a second measdre of compactness, the 1engths of-

measures of branching compactness showed (i) the fronds of A. spicifera

- I ~

¥

e

g
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R Figure 33. A. spiciferp’Branch Compactnegs. Distance from the.
« . holdfast to the lst-order branches and the distance from the main axis
"~ to the first 2nd-order branch. Fronds were collected in the Laurencia ’
? -

. Zone z‘h ) at the Modergtely-ExposedpStation and in the Acantﬁbghoré

- Zohe ( ® ) at the Bacdeeef,Station.(0ctoEer~N6&edber 1981), Vertical
« bars indicat? +95 2 confidence intervals. la = first lst=order branch; *

-

= third, Ist-order branch; Za = first. -

1b = second lst—-order- branch; lc
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Figure 34.

the 1st-order branchés ard of the first 2nd-order branches.

. ] “
collected‘in the Laurencia Zone ( o ) at the yoderately-Exge%éd Station

and in the Acanthophora Zone ( e )
(October~November 1981). .Yért}cai'ﬁars indicaté’j:QS % confidence

intervals., la = first lst-order branch; 1b = second lst—order branch; ' )

lc = third lst—order branch; 2

1st=order branch.

Lx}

A. spicifera Branch Compactness. The mean length- of

Ay

.

-

a = firat 2nd—order
@&

by

ﬁ‘»

+

.

u

0

L]

_lst~order br&nch;”and 2¢ = first 2nd-order branch on the second
Pl - 91
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