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Development of methods leading to outplanting
native reef algae.

Abs tract. Inv asiv e algae ar e the principal thr eat to the health of nativ e coastal ecos ystems in Hawai‘ i. Healthy reefs s ustain substant ial populations of herb ivorous reef fis h and urc hins. As numbers of herbivor es have decl ined, res ourc e managers
employ tools that s imulate mas siv e herb ivor e gr azing (Supers uck er) or the releas e of gener al ist gr azers (Tripneustes grati lla ). We pr oposed a new t ool that wil l lead to outp lanting the dominant species of r eef algae into p lac es where c omm unity
bas ed cleanups will r emove invasiv e biomass in Waikīkī and He‘eia fishpond coasta l reg ions. In Sum mer 2013, Sar gass um s pp. (l imu k ala) plants wer e col lect ed and inv ertedly hung to allow for external fert iliz ation to occur and res ulting zy gotes to
settle on tiles that lined the bottom of the water bath. After 12 weeks of growth, p lants gr ew to ~2 cm tall, demonstrating t he potentia l for ‘seeding’ juv enile limu k ala on substrata. In ear ly 2014 we wil l repeat and refine t his effort wit h 200 fiv e cm2

limestone tiles sit e-1 s eeded by hanging 20 f ertile adults fr om a P VC r ack plac ed in a 500 L, 1.5 m2 fiberglass fi lled with flowing, fi ltered, low nutrient seawater in fu ll sun. After 7 day s, adults wil l be rem oved; seeded ti les wil l remain in the outdoor
mesoc osm with aeration and filter ed seawater for c a. 2 mont hs bef ore outplant ing. Out planting in Waikīkī and He‘e ia fis hpond is ex pected to enhance lim u kala abundanc e leading to dir ect inter actions with invas ive algae and potentia l recr uitment of
other native species.
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Intr oduc tion. Though the cons equenc es of phas e shifts ar e wel l known
ecolog ica lly, phase shifts in Hawai ‘i have also res ulted in loss of cultur al ly
sign ific ant mar ine nativ e species. The reefs of the Waikīkī Marine Life
Conserv ation District (MLCD) (1-4) and Kāne‘ohe Bay (2, 3) ar e prim e
exam ples of well-st udied nativ e-dominat ed ec osystems now ov erwhelmed
by invasiv e algae suc h as Graci lar ia sa lic ornia (4, 5). Impacts from G.
salic orn ia inc lude doubled sedim ent loading ( 6), the s hading of many
understory plants and potent ial reductions in numbers of nativ e fis h (7) and
other diversity losses (8).

Rec ent survey s of the Waikīkī reef area, surprising ly, docum ented large
~100 m2 patc hes of Sargass um spp. (lim u kala), whic h had diminis hed
markedly fo llowing the introduction of G. sal icor nia. This recent re-
expansion of lim u kala in Waikīkī suggests that the time is right to
aggr ess ive ly outp lant nat ives. Outside of the He‘eia Fishpond, where lim u
kala was onc e abundant, this alga is pres ent but now less abundant.
Histor ic changes in the Kāne‘ohe Bay waters hed may hav e made the
envi ronment less favor able. However, lim u kala ’s persistenc e in Waikīkī and
He‘eia fuels interest in re-establishing this alga in both locations.

New steps and mor e acceler ated efforts are urgently needed to restore
nativ e flora to these sit es. Thus, over the short term, I propos e to develop
methods to use r epr oductive l imu k ala from sourc e populations in Waikīkī
and He‘e ia r espectiv ely, to s eed limestone t iles with juveni les that will al low
us to out plant to ar eas where these r eef p lants wer e once abundant (Figs. 1
and 2). Expl icitly, our first step is to test: Wil l juv eniles survive as assay ed by
sever al m eas ures and rem ain attac hed to l imest one t iles one week after
outplanting?

Methods.
Rehabi lit ation of h istoric populations of l im u k ala: dev elop ing out- plant ing
techniques: In itia l tria ls in outdoor m esocosm s hav e successf ully s eeded
limestone tiles with limu kala germlings:

• From a PVC r ack in a 500 L fiber glass mes ocos m, 20 ferti le limu kala
adults were hung over 400, 5 cm2 limestone tiles per site.

• Mesocosms had flowing, filtered, low nutrient seawater .

• Gametes were shed in the water for external fertilization (9).

• After one week, adults were rem oved and seeded tiles remained in the
outdoor mesocosm with aeration and filtered seawater for ca. 2 months.

• Every seven day s, the tiles were r andom ly select ed to m onitor status,
density, photosynthetic rates and growth for germlings > 1 cm tall.

• For my next cycle, plants will be al lowed t o gr ow to ~2 c m (pr imary axis ).
200 tiles will be outplanted in Waikīkī and 200 tiles will be out-planted at
He‘eia. Rem aining ti les (from each sit e) will be k ept in the m esoc osm
system for further study of germling development

C.

Figure 1. A. Waikīkī (south shore) 
experimental site. B. He‘eia

(Windward) experimental site.

Rect angular Fact orial Plots: Following Smith et a l. (8), we wil l us e a
randomized factorial block method (Fig. 4 below) at two locales (Fig. 1):
• Five (4.5m x 0. 5 m) replic ate factor ial plots wil l be estab lis hed in each

site (Fig. 1).

• Each block will be la id out in ar eas dom inated by G. sal icor nia and s ited
to ins ure sim ilar flow regim es, perpendic ular to plots. Treatments wi ll be
random ly arr anged with in each block. Outplants and r emov ed biomass
will be randomly placed in a 0.5 m2 area divided into 25 equal units.

• The five treatments per plot include (Fig. 4):
i) unmanipulated reference.
ii) cleared treatment (all biomass removed from substrate).
iii) manual rem oval of invas ives @ 20 subplot sites (unmanipulated

treatment).
iv) 20 limu kala tiles (1960s density outplanted in cleared area).
v) 20 limu kala tiles outplanted wit h only inv asiv e biom ass dir ect ly

surrounding the plants removed.

• Month ly measur em ents ov er 20 m onths, after initial outp lant ing, wil l be
made to assess succ ess. Two tiles / treatment / site wil l be rem oved to
meas ure the siz e of out plants, number of lim u kala / tile, and rates of
photosynthesis for these plants.

• The Kahala reef will be monitored periodically, as a reference site.

Expected Outcomes.
• Initia l ex pected outcom es ar e that juv eniles wi ll r emain attached to

limestone tiles and grow in stature.

• Intermediat e ex pected outcom es include the s urviv al of juv eniles when in
direct competition with invasive algae.

• Over the long term, the outplanting of limu kala will l ikely encourage the
growth of other native s pec ies as well as t he ret urn of nativ e fish and
invertebrates that consume native plants.

• Fina lly, the succ ess of outplanting approaches wil l estab lis h robust
methods that may be used during reef ec osystem r estor ation along other
reefs with native species, here and elsewhere in the Pacific Islands.

Figure 3. A. Adult S. aquifolium (limu kala); arrow points to a receptacle housing 
gametes. B. Outdoor mesocosm with reproductive limu kala hanging above 

limestone tiles. C. Limu kala germlings seen through a dissecting scope 4 weeks 
after initial settlement.

Figure 4. Rectangular factorial plot. Legend:       cleared treatment;       reference 
treatment;       outplant reference treatment;      Limu kala cleared treatment (n=20);          

Limu kala uncleared treatment (n=20);       buffer zone. 
All treatments and buffer zones are 0.5 m2. 
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Figure 2. Limu kala biomass 
on the reef at the Natatorium, 12/67 - 4/69, 
prior to the introduction of G. salicornia (4).


