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GEOBIOLOGICAL CORAL-REEF STUDIES 

BY 

IAN G. MACINTYRE 

The amazing world of natural history made its first impact on me during World 
War I1 on the tropical island of Barbados. My Scottish father had become manager of the 
British Union Oil Company there. a srnall outfit that evplorcd for oil and gas on the 
island and refined crude oil from Venezuela. I had arrived in Barbados in Api-il of 1939, 
and with the outbreak of war and appearance of German U-boats in the region, my family 
became trapped on the island. As a result. I spent seven of my foi-mative years in a house 
in the tropics that had a golf cousse at the back and the emerald Caribbean Sea a short 
distance in front. This is where i t  all began. 

The golf course became my hunting ground for butterflies and bird and reptile 
eggs. What a challenge i t  was to try to net those elusive butterflies or reach a nest way 
out on a thin limb. Molluscs were also highly sought after. Sunrise Tellins (Tellirm 
radiata), which we called "auroras" because of their radiating colors, were a special 
prize. To capture them, I had to pump holes in the shallow back-reef sand with my feet 
until I could feel one of these slippery bivalves and dive i t  up. When slit open and spread 
out to dry, they resembled butterflies. 

About the time I started school, I met the "ultimate collector," Dr Alfred Senn. 
the British Union Oil Company's geologist. I used to spend hours after school watching 
him picking microfossils - mostly foraminifera, I think - out of samples and filing 
them in endless rows of small vials. This was the Iife for me: 1 decided then and there to 
become an oil company geologist. 

When the war ended, my father, convinced that an 1 1-year old who was spending 
all his spare time in trees or in the sea was simply not taking life seriously enough, 
decided to ship me off to boarding school in Scotland. There I was expected to develop 
character and apply myself to more serious studies. So in 1946, still set on becoming an 
oil company geologist, I headed for the land of chilblains. 

After completing my secondary education, I turned my gaze to the New World 
because of the expanding opportunities for work in oil companies there. Though I was 
accepted at MIT, my father's Scottish roots ran too deep and I entered Queen's 
University in Canada. Upon graduation in 1957 with a BSc. in geological engineering, I 
was hired as a stratigrapher in the Exploration Department of Shell Oil Company of 
Canada in Regina, Saskatchewan (a.k.a. "Saskaberia"). Needless to say, it warmed my 
heart when I heard that I had been selected to participate in a short course on Recent 
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carbonate sediments i n  Florida and the Bahamas, under the leadership of Robert N. 
Ginsburg ol' Shell Development Company. This course and accompanying field trips 
(Fig. la,b) introduced me to a vast new world of marine science. This is really where I 
belonged, 1 thought, but i t  would take some time to get there. 

Figure 1. 1959. Shell Development Company Field Trip on Recent Carbonate Sediments: (a) Bob 
Girisburg (with hat) encouraging a lagger to wade across a mud bank in Florida Bay. (b) Gene Shinn, 
B ~ b ' . s  new i'iclci assistant, encouraging participants to sample raw conch. 

After working for three years on the Mississippian of Saskatchewan, I was 
transferred to Calgary, Alberta, to work on the Devonian (Fig. 2a). I was eventually 
assigned to work with Leslie V. Illing, noted at that time for his classic study of 
Bahamian sediments. I worked with Les on the Devonian of the foothills and Rocky 
Mountains of Alberta (Fig. 2b). It was during a field trip to show Bob Ginsburg some of 
our work that I told him that I was interested in modern carbonate studies. He said: "If 
you are going to make a move. do i t  now." 

This meant abandoning my lucrative but sometimes tedious life as an oil 
geologist for the meager existence of a graduate student at McGill University. McGill's 
Bellairs Research Institute in Barbados brought me right back to my old home. It was 
there, with its director, John B. Lewis, that I collected data for my dissertation on the 
sediments and reefs off the west coast of the island. The most striking sea-floor 
topography off this coast consisted of two ridges cresting at 20 m and 70 m and running 
parallel to the entire west coast. This was my first encounter with what I interpreted to be 
relict submerged coral reefs that probably were flourishing shallow-water reefs during 
preexisting lower postglacial sea levels (Macintyre, 1967). 



Figure 2. 1962. Working for Shcll Oil Company of Canada, in C~ilgary, Albert'l, Canxia. (a) In  my 
Exploration Department Office. (b) Mapping with Les llling ( n o  h ~ t )  in the Rocky Mountains. 

A short time later, as a postdoctoral fellow (Fig. 3a.b) at the Duke University 
Marine Laboratory, I collected Susther data durinz several Caribbean cruises on the IUV 
Easrrvarrl. I was then able to demonstrate that these relict reef ridges were common 
features on many of the insular slcpes and shelves of i s l a~~ds  in the eastern Caribbean and 
even off the east coast of Florida (Macintyre, 1972). 

There were skeptics aplenty in those days (the late 1960s and early 1970s). The 
prevailing thought at that time was that the developlnent of Caribbean coral reefs had 
been restricted by cool postglacial temperatures, and hence that these reefs were less than 
5,000 years old. being thin veneers with inherited selief from the substrates on which 
they were established. So my relict reefs could not be postglacial, Tt became clear that we 
needed to see the fossil record preserved within these deeper ridges and the shallow 
platform reefs if we hoped to arrive at a better understanding of the Holocene history of 
western Atlantic coral reefs. 

It was during my stay at the Duke University Marine Laboratory that, along with 
Oirin H. Pilkey (Fig. 4a), we discovered numerous patches of tropical reef corals 
offshore in Onslow Bay, North Carolina (Macintyre and Pilkey, 1969). These patches 
consisted of Solenastrea lzyudes and Sider-astrea siderea (Fig. 4b), usually established on 
flat Miocene sandstone outcrops in water depths of 20 to 40 meters. The intriguing 
question was: how had these corals survived in water temperatures that dropped to less 
than 16 'C for three months of the year and also withstood periods of temporary burial by 
migrating sand waves. 

In 1970, I joined the staff of Smithsonian Institution's National Museum of 
Natural History. My first responsibility was to manage an NSF pre-proposal grant to 
develop a long-term, multidisciplinary, and multi-institutional proposal to study coral- 
reef ecosystems. This project - Comparative Investigations of Tropical Reef Ecosystems 



Figure 3. 1968. :'it thc D L I ~  Uilivcrsity Marine 
! , .~boi~!or .y :  (:I) O n  the R/V Eir.r~\i,i~rd hi-inginp 
i11 ~mk-dredge samples fl-om a s~~bmcl-ged relict 
I-eef. (b) At the microscope in my office. 

Figure 4. 1968. Tropical reef corals off North Carolina. (a) With Orrin Pilkey inspecting rock-dredge 
samples. (b) The two corals Soletlnsrr-en hyades (top) and Sidetnsrr-en sideren (bottom), both scales 5 
centimeters. 



(ClTRE) - gave me a 11-emendous opportunity to meet and interact with some of the 
world's most respected col-al-seef scientists. The initial phase was to survey potential reef 
sites where this work would be undei-taken. One of these 1-eef-site vikits turned out to be 
somewhat hazardous. When Walter I-I. Adey and I set off to check Acklins Island in the 
soulher11 Bahamas in October 1970, we had to charter a small plane to get there. The 
airport runway on Acklins was in poor shape, so the pilot decided to land on a recently 
bulldozed road. As he made his approach, he clipped a large boulder, lost a wheel, ai;d 
cr-ash-landed. Luckily, there were no ii~juries to the passengers. but the plane was a 
wreck. This dramatic an-ival may have been a bad omen. "We found that the reefs of this 
sre:! were unsuitab!z for a research site. 

I t  y;vas during these early stages oi'cie\'clopii?g !he Cl'FitE proposai ik i i  I ; i 1 ~ ( j  Iile: 
+I,  LIIC:  - reilo:,~,ncci David I?. Stodditri of Cambridge L'nivessi:y. 1 x a s  ii? charge of ihe 

Seolog:  Wosking Group. ,scheduled to meel at the Univel-siiy of' Hawaii to discuss our 
-reseai-ch o'ujcic~i~,c.s. and eIi route was suppo~ed  io join Sloiidarr on thc fligiit we:;: i'i-GI;; 

San Francisco. All i could think oi- was Cambridge's enti-mcz i-equii-ement of  1-aiin and 
my own lack of' talent therein, hoping the cainversation wouldn't turn to that subject. 
Much to my delight, David talked incessantly and enihusiastically about cos~d reefs and 
their associated islands - by the time we arrived in Hawaii, we were friends for life! 

Then in November of 197 1 a two-week workshop took place on Glover's Reef, 
Belize. where 41 participants (Fig. 5 )  representing a variety of reef-related disciplines 
worked on developing a cornputerized coral-reef ecosystem model that integi-ated ali the 
wrious  aspects of coral reef research. The model that resultecl from this workshop was 
designed to depict the flow of carbon thsough 1: coral-reef ecosys~em. Although the 
proposal was never funded, i t  proved ro be the catalyst for many future studies oil corai 
reefs (Afoll Research Nlille;i~~ Nos. 172-73 describing this mode! have been out of print 
for many years). Another i111post;mt contribution resuliing from this grant was the 
discovery of Carrie Bow Cay on the Belizean Barrier Reef, where the National Museum 
of Natural History established a field station in 1972. This is still a very active field 
facility, which has provided field support for over 600 publications on coral reef and 
mangrove investigations. 

Part way through the development of this NSF grant, I was officially transferred 
to Smithsonian's Department of Paleobiology. With the setup funds provided, I was 
finally given the opportunity to achieve my goal, which was to look inside coral reef 
frameworks. T o  this end, I developed a submersible drill by adapting a hydraulic impact 
wrench to accommodate standard drill equipment (Macintyre, 1974). This drill, which 
could be operated by three people, would allow us to collect cores across an entire reef 
transect from the exposed reef flat (Fig. 6a) to the deep fore reef (Fig. 6b). My initial 
studies of the geological record preserved within coral-reef frameworks were undertaken 
with Peter W. Glynn off the Caribbean and Pacific coasts of Panama (Macintyre and 
Glynn, 1976; Glynn and Macintyre, 1977). Here we found out that modern Caribbean 
fringing coral reefs were not thin veneers but were up to 14 m thick and were quite 
capable of forming their own relief. Our success was quickly appreciated and colleagues 
in the United States, Australia, Japan, and Germany began assembling their own 
hydraulic drilling equipment to study Holocene coral-reef history. 





In  1976, 1 was able to look at the interxi1 stnlclurtts of some relict submerged 
coral reef>. First, with Walter K. Adey (Adey et al., 1977) we drilluc! a shelf-edge ridge 
system off the southeastern coast of St. Cmix (Fig. 6b); then, with Robin G. !,ighty we 
collected samples from exposure through a shelf-edge ridge that had been dredged by a 
pipeline conlpany off the east coast of Florida (Lighty et al., 1978). I n  both cases, we 
discovered relict shallow-water Acropo~n palnlatn reefs that were stranded 7,000 to 
8,000 years ago by stress conditions related to the flooding of the inner shelves. By the 
time conditions improved, the waler at the shelf edges was too deep for the shallow-water 
communities to reestablish. Therefore these shelf-edge ridges were indeed relict 
Holocene reefs that had flourished some 9,500 to 7,000 years ago. 

My work on Holocene reef history continued with Robin G. Lighty on Abaco 
Bank, Northern Bahamas (Lighty et al., 1980); with Randolph B. Burke in the Gulf of 
Mexico (Macintyre et al., 1981); Randy Burke and Eugene A. Shim in  Belize (Macintyre 
etal., 1982; Shinn et a1.,1982); with Bill Raymond off Puerto Rico (Macintyre et al., 
1983); with H. Gray Multer and others off Antigua (Macintyre et al., 1985; with Randy 
Burke and Walter Adey in Tague Bay, St. Croix (Burke et al., 1989); in the eastern 
Pacific with Peter Glynn and Jorge Cortks off mainland Costa Iiica, Cafio Island, Cocos 
Island and the Galhpagos Islands(Macintyre et al., 1993); with R. Pamela Reid and 



Iiobert S. Steneck in the L:xiimas. Bahamas (Macintyre ct al., 1996); 2nd I'lnally wit11 
Peter Clynn and Bob Steneck (h lx in ty re  ct al., in press) In the San Blas Islands, Panan12 
(Fig. 6a). 

Ini'ormation on the 111sto1-y of tlic ~c l i c t  reefs on the deeper outer slopes of 
Caribbean islands u ;is obtaincci by Richard G.  Fair-banks. He u m l  ol'l'shore drilling 
techniques to recover core5 from cicpths of over 100m off the south coast of Barbados 
(Fairbanks, 1988). These cores ~-eitcalcd coral reefs trying to cope with the rising seas 
caused by the meltrng of Plc~jtocenc ice sheets. The earlie\t record of flourishing 
\li,lllow-\-cater ~-oi)o~-u l~ulriilitii I-wfs date\ LO about l7.OUO to 12.000 years ago; thi-,i. 
x e f i  n e r e  stranded by 1.1 mclt-nates pulw that rcsulteci in a very ~-,lpid rise in sea I z ~ c l  
A (;hd!ov -v':itc'r / l i i - o ~ ~ o i . ~ ~  poli?llif~i ~ r c f i o n  establisheti o n  a Plei(;tocene w-face  at a 
depth oi almut 80 rn. n h ~ c l i  ciaw\ I ~ o m  12,000 to 10,00!) year5 ago, correlates \ v ~ t l l  thi: 
ic11c.t rwf  i-~dgc !hat ! \tuiheii oi'f rhc \\ i.\t coajr tr i  Ba ~ A C I O \  Inany years earlit.1 
( M a i ~ n t y r e  et 31.. 190 1 ) .  Fairbanhi' thta s ~ l g g e ~ t  that th15 10-m I riige 15 a I-eel t h a  
f1ou1-i\hctf during the relatively s t a b l ~  sea> of the lounges Dryas chono~one .  but tliat ~t 
1c)o vjas unable to 5i!rsY1\ e ~3. wcond meltnater pl lse (In) that started about 10,000 yean  
ago. 111 this m;ljor contr~butlon to 0111. understanding of the post-Pleistocene history of 
Western Atlantic coral reefs. Fairbanks has indicated that more deep-sea drilling is 
essential not only to document the early history of Holocene reefs but also to record the 
history of tlie waters in wh~cl i  these reefs grew. Biologists also need to investigate in 
more detail the deeper water communities [hat still llourish on some of these relict recf5 
and their relutionsliip to shallo\v shelf reefs - particularly their role in recruitment. 

As a c,lrbonate petrologist. however, I have had many other interests beyond the 
history of coral reefs. Onc part~cular cl~allengc has been to doc~iment submarine 
t i~h i f l c~ t ion  " A i n  coml rei'f-5 :incl cry to pin down the proce.ses ~ ~ ~ p ~ i l ~ i b l ~  for the 
p~ecipit:~tior~ of this Mg calc~te  and aragonite (Mac~ntyre,  1977; 1984; Macintyre m c i  
Marshall. 1988). Many ha-ce worlieci on this problem without ar r~ving at a final an\wcr. 
At t h ~ \  point, 1 f;1\1or the hypothesis that submarine lithification is related to the release ol 
ammonia by-products as5ociatecl with tlie decay of organic material trapped within the 
reef framework. 

In other studies, Richard li. Craus and I have employed computer model 
simulation techniques to investigate tlie factors controlling the growth form of colonial 
corals (Graus and Mac~ntyre,  1976: 1982) and the distributional patterns of coral-reef 
internal facies (Graus and Macintyre, 1984; 1988; 1998; Graus et al., 1985). Our coral 
studies demonstrated tliat the variations in colony shape of Molztastraea anr~ularis with 
depth appears to correlate with the changes in the light field associated with increasing 
depth. The reef model, which constructed zonation changes, was based primarily on 
bottom wave velocity and depth (i.e., light), which allowed us to predict storm damage 
with data on the bottom topography and storm characteristics. From information on the 
water characteristics of an area, we were also able to replicate the pattern of the internal 
facies of a reef that had been drilled as well as the zonation patterns of various Caribbean 
coral reefs. 

Some of my other studies have focused on the skeletal mineralogy of some 
marine organisms. In an investigation of the mineralogy associated with stylasters, 
Stephen D. Cairns and I found that the carbonate mineralogy there is controlled for the 
most part by phylogenetic rather than environmental factors (Cairns and Macintyre, 



1992). Likewise, Frederick M .  Bayer and I I'ound that the skeletal niinel-als in a grcat 
variety of octocorals are t~xonomically I-ather t11;111 e11\!ir011121elit;1lly c01itroI1e~1 (B;iycr 
and Macintyre, 2001 ). Of' particular interest was the discovery of' carbonate 
hydroxylapatite found in only one family- Gorgoniiclae. We interpi-etcil this unusual 
occurrence of apatite in moc1e1-n invertebrates to seprescnt :L vestige of' a11 eai-lies his~ory 
of phosphatic skeletal mineralization in coe1enter;rtes (~Wxintyi-e et al., 2000). 

13. Pamela Reid and I have undertaken esti.nsive s t d i e s  of the I-ecrystallization of 
carbonate grains in shallow ~ q i c a l  seas. T o  our surprise, we Suuntl that recsystallization 
of porous skeletal grains such 11s f-iiilir~wtl~r platcs (Macii~tyrc: and Reid. 1095) or 
porcelaneous fornminife~-a tests (Maciiiryri- ;in'! Reid, I09Sj  occurs when ~ h c  r)rgmisnl is 

. . sti]] alive. 711 < ) t h ~ r  ~ ~ , i ~ ; y j : ; ~  i j l ~  0r:g~rlal s]<ejc:[;;! ;lf{:c,]le>; 01- r<;c]s l;~y;& []:;-,.:,,:; I.(; r<:I-12-i :\ 
. >. . microcrysta~lint=Ilin tex~ul-c before  he grains beconic pa:': of ~11c seciilneni i'luor. l ills 

alteration was always thought i.3 be a pose-i~oi-rmi phe~~c~m~moi-! .  inc ied,  i'urtIm 
alteration does occur nl'ti.r death (Reid and Macii~tyrc. 1998). !i:~!ch of it r-el~iizci to L L  

micrit izatio~~ process produced by an endoliiliic ~ y ; ~ ~ ~ t - ) ; i ~ t ~ ~ - i ~ i i i i i l  Soiei~!! '~i  that fills it. 
microboi-ings n r i : I l  fibi-oils aragc;l:iti. ci)ncuI-I-eil[lJr ;is j;;l;ct;.;i~~:; us;;il-ls (itciii 2iilci 

d 

Macintyre, 2000). 
In aclclition, I have wosked with a mu1tidiscipli11a1-y group on the psocesses 

involved in the accretion and lamination of inoder-n marine stromatolites in the Esuma 
area of the Bahamas. These phenomena, it Lurns out, are 1-elated to ri complex interactio:! 
of cyanobacterial communities that trap sediment grains and them alter tliei11 by 
introducing chemic;il changes within these mats of [sapped sedill~ent(Reicl et al., 3000). 
My particular interest was the role of the endolithic cyanobncterium Solerltil! that I 
mentioned earlier. When there is a hiatus in the accun~ulatiom of these stromatolites, 
Solentin extensively bores and infills grains commonly passing from one g r ~ ~ i n  to nnu!lier 
welding them together. This process f o r m  the dominant laminated horizons i n  the 
E x u ~ n a  stromatolites (Macintyre et al., 2000). In other worils, a microborer. commonly 
thought of as an agent of destruction, has now been shown to be a major factor in the 
preservation of well-lithified stsomatolites, 

Recently I have been working with Iiichal-d B. Aronson, William F. Precht, and 
others in a study of the open-framework reefs of the southern lagoon of the Belizean 
barrier reef (Aronson et al., 1998). With many simple push cores (Fig.7 a,b), we have 
shown that recent major changes in the coral communities of this area, related to both 
white-band disease and bleaching, have not occurred on a regional scale for the last 3,000 
years (Aronson et a]., in press) and could have some relationship to human activity 
(Aronson et al., 2000). Similar studies have been extended to the lagoon reefs inside 
Bocas del Toro, Panami.  

Perhaps one of the greatest rewards of my career has been the opportunity to have 
participated in a period of major new discoveries in coral-reef research. Even more 
exciting has been the chance to collaborate with an outstanding group of scientists from 
across many disciplines. All of these research colleagues can be credited, in part, for the 
Darwin Medal (Fig. 8) that I received in 1996 from the International Society for Coral 
Reef Studies. 

A full record of my work can be found on the web at: 
httr,://nmnh.si.edu/paleo/macint~re 



Figure 7 .  1997. Push-core studies in Belize: (a) Taking a 5-meter core tube to a core site. (b) Coring with 
Bill Precht on the left. Note the dark sliding hammer weight on top of the core tube. (Photos by R. B. 
Aronson) 

Figure 8. 1996. With the Darwin Medal awarded to me that year by the International Society for Reef 
Studies. (Photo by W. T. Boykins) 
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