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The colonization of artificial hard substrates by benthic macro-algae in 

Kiel Bay - a pilot study*)

Abstract 

H.J. Black 

Institut für Meereskunde an der Universität Kiel 

Kiel, Germany (FRG) 

This pilot study was carried out to determine the duration of exposure time taking into 

account the complex interactions in the ecosystem and to test the aptitude of artificial 
hard substrates as far as surface-texture, size and shape of the substrates are 

concerned. In depths of 10.0 and 20.0 m concrete tu bes 1.0 m long and 0.5 m in diameter 
were exposed for four years. Colonization was observed by scientific divers and 
recorded by photography. 

Zusammenfassung 

Die Besiedlung künstlicher Hartsubstrate durch benthische Makroalgen in der Kieler 

Bucht - eine Pilot-Studie: 

Die Pilot-Studie diente der Ermittlung ökologischer Expositionsdaten und -zeiträume 

und testet die Eignung künstlicher Hartsubstrate im Hinblick auf deren Oberflächen

struktur, Größe und Form. In Tiefen von 10.0 und 20.0 m wurden Betonrohre exponiert. 

Die Besiedlung wurde durch Forschungstaucher beobachtet und während der 
vierjährigen Expositionszeit fotographisch dokumentiert. 

Material and Methods 

Concrete tubes (1.0m long, 0.5 m in diameter) were exposed in 10.0 m and 20.0 m depth 

in the Hausgarten area (Kiel Bay) of the SFB 95 in July 1972 and observed till 

December 1976. On each location one tube was in vertical, another one in horizontal 

position. Geologically the 10.0 m site is in the zone of erosion, the 20.0 m site in the 

zone of sedimentation. The border between the two zones runs in 13.0 m depth across 

the Hausgarten area, it is also the lower border of sublittoral phytobenthos. 

Observation and sampling were carried out by Scuba-divers and recorded by 

photography. Often photography was affected by high turbidity and low light intensity 

during the survey times. This could be almost totally avoided using a 15 mm lens and 
an electronic flash at the later observations. 

*)Publication No. 196 of the Joint Research Programme (SFB) 95, Kiel University 
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Results 

1. Tubes in 10.0 m depth
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Asterias rubens and Balanus crenatus covered the vertical tube after 6 months of 

exposure, Asterias grazing on Balanus. At that time the tube was not yet covered by 

other organisms. The two species were followed by Mytil!Js edulis covering the tube 

after 21 months with 8.900 individuals (2 to 3 cm long) per square meter. A. rubens 

starts grazing on M. edulis and 15 months later only empty shells, still attached to the 

substrate by the remaining byssuses, were left. Rather "fat" individuals of A. rubens 

were observed at that time. The only occurring algae were one single specimen of 

Petalonia fascia after 25 months and one single specimen of Oelesseria sanguinea 

after 26 months on top of the tube, both of which disappeared during the following 

month. 

The horizontal tube was lost for some time after rolling away. lt was not found, in spite 

of intensive searching, before May 1975. lt was then covered by a vegetation of 

0. sanguinea (blanched), Polysiphonia, Ceramium sp. and Brongniartel/a byssoi
des. This type of vegetation acts as trap for particles in suspension.

One year later the horizontal tube was still covered by the summer vegetation typical 

at the experimental site, consisting of the above mentioned types. The tube was 

surrounded by loose-lying algae trapped in the eroded area - about 10 cm deeper than 

the surroundings - around the tube. 

Thus after three years of exposure the horizontal tube in 10.0 m depth was covered by 

algae, forming a vegetation comparable to the "typical vegetation" in the surround

ings as far as species composition and biomass (202.6 g m-2 dry weight) were concerned

The interior of the tube was not colonized. On the vertical tube only single individuals 

of 0. sanguinea and P. fascia were recorded. On the other hand B. crenatus, M. edulis 

and - as predator - A. rubens did colonize this tube, accompanied by Hydroidea 

(Campanularia type). 

2. Tubes in 20.0 m depth

After 6 months of exposure the vertical tube was covered by loosely distributed 

B. crenatus and sedimentlseston catching organisms, mainly Polydora ciliata, while

the horizontal tube only carried P. ciliata, even more loosely ditributed than on the

vertical one. During the following two years the situation on the horizontal tube only
changed by the occurrence of a single specimen of Metridium senile. The

close-to-bottom site of the vertical tube was then covered by P. ciliata and scattered

individuals of Oendrodoa grossularia. A. rubens was always present, creeping up till

the topside, which was covered by P. cilitata, few Halichondria panicea, and a single 

specimen of M. senile and Hydrozoa. No Balanus was left. 

This state changed only slightly du ring the last year of exposure as far as Halichondria 

and hydrozoa are concerned. 

Both substrates in 20.0 m depth were not colonized by algae, but by B. crenatus 

followed by A. rubens. After 11 months of exposure they were totally covered by 

Polydora ciliata, accompanied by single specimen of H. panicea, M. senile and 
Hydroidea on the upper parts of the vertical tube. Several specimens of 0. grossularia 

were found after 25 months of exposure and did increase in number for 13 months. 
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Two aspects of the colonization of hard substrates in Kiel Bay (the photos are 

reproduced from color slides). Scale: the long side of the photo is 18.5 cm. 

Upper photo: Typical aspect of vegetation, covering the horizontal tube in 10.0 m 
depth, 36 months after exposure, showing Delesseria sanguinea (extended phylloids) 

and bushy fine red algae of the Po/ysiphonia-Ceramium-type. 

Lower photo: Top-site, of the vertical tube in 20.0 m depth, 36 months after exposure, 

covered by Po/ydora (all over the substrate), Ha/ichondria (white organisms in the centre), 

Metridium (tentacles right of the lower Ha/ichondria) and Hydrozoa (branchlets tipping out of the 

Polydora-cover) 
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Conclusions 

Dates and intervals of exposure mainly have to take into account the occurrence of 

larvae of 8. crenatus and M. edu/is. Exposure of substrates should be avoided du ring 

the time of their maximum abundance. There are no data indicating whether the 

surface texture of concrete influences the colonization, but as normally no remains of 

barnacles are found on the boulders at the experiment site, it seems to be necessary to 

use natural substrates which should be close to the „natural" size of the boulders, 

even if the surface of such bodies is not easy to calculate with. 

The interior of one of the tubes was colonized by algae and the vertical tube in 10.0 m 

depth was to a much !esser degree covered by vegetation than the horizontal one. 

Margin conditions are known to play a role in colonization and there is a bottom-layer 

likely to exist, out of which a tube should not prodrude if it is to be settled by macro

algae. 

The ecofactors „water movement" and „light" should be discussed in their complex 

connections. Light attennation in the water column (loaded with seston or not) cannot 

explain the fact that no algae grew on either tube in 20.0 rn depth. Also the 

sedimentation of seston directly on the thallus of every algae possible growing there 

during the long periods of low current velocities should be considered. 

This means, that measurements of light and water movement as weil as the 

determination of the amount of sedirnentation have to ·be- taken into account in 

experiments in the colonization of hard substrates by macroalgae in areas compara

ble to Kiel Bay. 




