
Control of Colonial Hydroid Macrofouling by 
Free-Field Ultrasonic Radiation 

Abstract. Free-jeld ultrasonic radiation inhibited the feeding of the macrofouling 
hydroid Garveia franciscana by causing tentacle contraction at the sonic degas$ca- 
tion threshold. Within the frequency range of 250 to 2000 kilohertz, the threshold 
sound intensity (sonic degasification threshold) that caused tentacle contraction was 
directly proportional to frequency, with the minimum observed being 0.6 watt per 
square centimeter at 250 kilohertz. A pulse length of 0.2 second and interpulse period 
of 102 seconds gave the lowest average power required to produce tentacle 
contraction at a peak pulse sound intensity of 6.2 watts per square centimeter with a 
frequency of 250 kilohertz. Twenty-four hour exposures to the sound regime caused 
destruction of the hydranths and regression of tissue in the stolons. 

Macrofouling by colonial hydroids on 
artificial structures is a severe problem 
in many estuarine and marine systems 
(I). Although several studies have shown 
that ultrasound can reduce or prevent 
macrofouling for extended periods of 
time, the results have been highly vari- 
able from study to study (2). No study 
has yet (i) shown the parameters of ultra- 
sound application through which total 
power expenditures can be minimized or 
(ii) identified the mechanism by which 
ultrasound prevents macrofouling. Our 
aim was to determine the most energy 
efficient acoustical parameters by which 
free-field ultrasonic radiation could 
cause tentacle contraction and thus in- 
hibit feeding and growth of the adult 
colonial hydroid Garveia franciscana. 
We found that sonic degasification ap- 
pears to be the primary mechanism by 
which ultrasound prevents macrofouling 
of colonial hvdroids. 

Colonies of G. franciscana were asex- 
ually cultured with Artemia nauplii at 
27°C in 10 parts per thousand salinity 

Chesapeake Bay water (3). Sections of 
secondary stolon were used for all ex- 
periments. They were attached to either 
a glass slide or rod and positioned ap- 
proximately mid-depth in a test aquari- 
um such that the stolon extended straight 
up toward the surface of the water. Each 
sample was positioned approximately 
10.5 cm away from a PZT (lead zircon- 
ate-lead titantate) piezoelectric crystal 
on a line between the centers of the 
transducer and a hydrophone (4). The 
hydrophone was placed within 0.5 to 1 .O 
cm of the sample during the minimum 
sound intensity studies in order to mea- 
sure the acoustical intensity at a point 
just behind the hydroid sample. It was 
removed during later experiments. In- 
tensities were determined by calibration 
curves made with the hydrophone placed 
in the exact spot occupied by the hydroid 
sample during exposure so that intensi- 
ties at the exact position of the sample 
could be calculated with the transducer 
input voltage. 

A frequency generator, broad-band ra- 

Fig. 1 .  (A) Section of G.  franciscana hydranths fully extended and actively feeding without the 
presence of ultrasound. (9) Section of G. franciscana after 24-hour exposure to sound pulses of 
0.2 second every 45.2 seconds at 6.2 Wlcm2 and 250 kHz. 
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dio frequency (RF) power amplifier, pro- 
grammable cycle timer, and electrome- 
chanical RF relay were the primary elec- 
trical components for driving the trans- 
ducer (5). Various root-mean-square 
voltmeters, oscilloscopes, and afrequen- 
cy counter were used to monitor and 
measure the applied voltage and frequen- 
cy. The tentacle contraction responses 
of individual hydranths before, during, 
and after exposure to various ultrasonic 
regimes were observed by a microvideo 
observation system (6); this eliminated 
the need for the usual extended growth 
(several days to weeks) inhibition stud- 
ies. 

The minimum continuous sound inten- 
sity required to cause 100 percent tenta- 
cle contraction for a group of hydranths 
in the field of sound was determined at 
six test frequencies ranging from 250 to 
2000 kHz. During each exposure, the 
transducer voltage was increased from 0 
to a point where the sound intensity 
caused 100 percent contraction of all 
hydranths; the voltage was then returned 
to 0. Five consecutive exposures were 
made on each hydroid sample with re- 
covery periods of 20 to 30 minutes be- 
tween exposures. Three replicates, each 
consisting of five consecutive exposures, 
were tested at each of the six experimen- 
tal frequencies. 

The sound intensities that produced 
tentacle contractions were highly fre- 
quency-dependent (7). Intensity in- 
creased linearly as frequency increased; 
thus, lower frequencies required less 
power to cause tentacle contraction. No 
statistically significant difference (analy- 
sis of variance, P > 0.05) was found in 
the response levels among the five con- 
secutive exposures at a fixed frequency. 
Thus, no apparent short-term (< 2 
hours) physiological accommodation nor 
an increase or decrease in the response 
threshold of G.  franciscana to ultra- 
sound appears to occur at frequencies 
between 250 and 2000 kHz. The video 
tapes revealed that all hydranths within a 
particular sample and field of sound re- 
acted simultaneously. This threshold of 
contraction occurred almost exactly at 
the sonic degasification threshold (8). 

The minimum average acoustical pow- 
er required to produce tentacle contrac- 
tion was determined by establishing the 
relation between acoustic intensity (0, 
pulse length (PI) ,  and recovery time 0, ) .  
Pulse length is defined as the time during 
which sound is applied to the organism at 
a given intensity. Recovery is defined as 
the time required for a median number of 
hydranths (6 to 12 hydranths tested at 
each pulse length) to reopen to approxi- 
mately 50 percent of their full tentacle 
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extension after contraction from a single 
pulse of sound. Sections of G. francis- 
cana were exposed at  250 kHz to a series 
of pulse lengths ranging from 0.02 to 100 
seconds at  intensities of 2.0, 3.1, and 6.2 
w/cm2 (Table 1). If the hydranths did not 
contract in response to an initial pulse, 
another pulse of the same length and 
intensity was administered after 2 min- 
utes. This was continued for six pulses. 
The combination of pulse length and 
intensity was considered to be ineffec- 
tive if no hydranths contracted. The next 
longer pulse length was then tested with 
a new sample. The pulse length causing 
the first contraction was designated the 
minimum pulse (P,); the time for the 
median number of hydranths to reopen 
to approximately 50 percent of their fully 
extended state was also measured. At 
pulse lengths greater than P,, only one 
pulse was normally required to cause 
contraction, after which the median re- 
covery time was measured. 

The experimentally determined P, at 
sound intensities of 2.0, 3.1, and 6.2 W/ 
cm2 were 0.5, 0.2, and 0.2 second, re- 
spectively (Table 1). For  pulse lengths 
greater than P,, the recovery time in- 
creased with both increasing pulse length 
and sound intensity. For most pulse 
lengths, there was a substantial increase 
in recovery time when the sound intensi- 
ty was increased from 2.0 to 3.1 W/cm2. 
For  small pulse lengths (< 5.0 seconds), 
doubling the sound intensity from 3.1 to 
6.2 w/cm2 essentially doubled the recov- 
ery. For  longer pulse lengths, there was 
less value in increasing the intensity to 
6.2 W/cm2. A logarithmic relation (In 
t, = a + b - In PI) was found between t, 
and PI (9). The regression at  2.0 w/cm2 
was significantly different ( P  < 0.05) 
from those at  the two higher intensities, 
as determined by analysis of covariance. 
N o  significant difference ( P  > 0.05) oc- 
curred between 3.1 and 6.2 W/cm2 for PI 
greater than 20 seconds. 

Recovery times were calculated from 
the regression equations (9) to  estimate 
the average acoustical power shown in 
Table 1. The lowest average acoustic 
intensity (0.03 W/cm2) occurred at  the 
highest instantaneous intensity (6.2 W/ 
cm2) and the shortest effective pulse 
length (P, = 0.2 second). To  determine 
the effectiveness of the lowest average 
intensity condition to produce tentacle 
contraction, colony sections were ex- 
posed for 24 hours to sound pulses of 0.2 
second every 45.2 seconds [calculated 
from the equation in (9) at 6.2 W/cm2] at  
6.2 W/cm2 and a frequency of 250 kHz 
which gave a duty cycle of 0.4 percent 
(PIIPI + t,). Twenty-four hour exposures 
caused severe deterioration of the hy- 

dranths and regression of tissue in the 
stolons (Fig. 1, A and B). The longest 
interpulse period possible with the 
equipment available was 102 seconds at  
a pulse length of 0.2 second, which gave 
a duty cycle of 0.2 percent. As in the 
case above at  a duty cycle of 0.4 percent, 
the organisms were severely damaged 
within 24 hours. The deterioration of the 
hydranths and regression of tissue in the 
stolons at duty cycles of 0.4 and 0.2 
percent suggest that a much lower duty 
cycle and average acoustical intensity of 
less than 0.03 W/cm2 may exist which 
would inhibit colonial hydroid macro- 
fouling. 

As was the case for the tentacle con- 
traction responses, the deterioration of 
the hydranths and regression of tissue in 
the stolons also appears to be a response 

Table  1. Observed recovery t ime and  calculat- 
e d  average acoust ic  intensity (i S.E.M.) fo r  a 
median number  of hydranths  af ter  exposu re  
t o  various combinat ions  of pulse length and  
sound intensity a t  250 kHz. Average intensi- 
ty  = P,i(P,+ t,) x peak  pulse  intensity, 
where  PI is pulse length a n d  t ,  is recovery t ime 
(9) .  

Pulse Observed Average 

length 
recovery acoust ic  

,---\ t ime intensity 

Peak pulse 2.0 Wicm2 

15 0.06 * 0.04 
15 0.10 * 0.06 
30 0.15 * 0.09 
30 0.26 * 0.15 
60 0.38 2 0.20 
60 0.54 2 0.23 
60 0.81 t- 0.22 
90 1.03 2 0.17 

Peak pulse 3.1 Wicm2 

30 0.04 t- 0.07 
30 0.06 * 0.10 
30 0.08 * 0.12 
30 0.11 * 0.14 
75 0.15 t 0.16 

150 0.20 2 0.17 
150 0.27 2 0.17 
300 0.38 2 0.16 

1200 0.49 * 0.13 
Peak pulse 6.2 Wicm2 

mediated by cavitation (degasification). 
During the experiments the most effec- 
tive sound areas (near field of the trans- 
ducer) exhibited plumes of what could 
only be resonant size bubbles projected 
rapidly through the sound field by acous- 
tic radiation forces. During the longer 
pulse length studies (PI > 2 seconds), 
plumes could be seen that appeared to 
originate at  o r  near the suspended orga- 
nism. This may indicate that the surface 
of the organism itself is providing a 
source of cavitation nuclei from which 
resonant bubbles grow, which in turn 
could provide a direct coupling through 
which ultrasound destroys G. francis- 
cana hydranths. 
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