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Field ornithologists have long been aware of regional variations in the songs of
many species of birds (Mayr 1942), but only within the past two decades have
detailed spectrographic analyses been used to document this widespread “dialect
phenomenon” (MARLER & Tamura 1962, 1964; THIELCKE 1965, 1969; LEMEON 1971;
Hagrris & LEMON 1972 KinG 1972; NoTTEBOHM 1972, 1975; GRIMES 1974; OREJUELA
& Morton 1975; BarrisTa 1976; Lanyon 1978). Apparently, vocal learning
establishes a “filial tradition” so that individuals of one species in a particular region
sing more nearly like each other than like conspecifics from another region (MARLER
1970; NorTesonM 1972; LEMoN, 1975).

Reports of vocal variation on islands have been concerned mainly with disjunct
populations of continental species of birds or their close relatives (Crapman 1940;
Lack & SouTHERN 1949; MARLER & BoAaTMAN 1951; MarLER 1960; LanvoN 1967;
Mirksy 1976), and in the case of earlier studies, were not based on tape recordings or
sound spectrograms. CHAPIN (in MaYr 1942) gives his impressions of the often marked
inter-populational differences in the song of Acrocephalus warblers on south Pacific
islands, and for the Galdpagos Islands, RoruscuiLp & HarTERT (1899, 1902),
SwopGRrass & HELLER (1904), Girrorp (1919), BEEBE (1924, 1926), and Lack (1945)
present onomatopoetic descriptions of many species’ songs and island dialects.
Recently, BirLes (1968) and GurLepGE (1970) have presented spectrographic descrip-
tions of the song dialects of Galdpagos warbler-finches (Certhidea) and mockingbirds
(Nesomimus), respectively. Warp (1964) has also made an objective description of
inter-island variation in vocalizations of the endemic Hawaiian honeycreeper,
Himatione sanguinea.

Within the past few years studies on habitat acoustics have indicated that sound
transmission peculiarities of environments might significantly affect the form of long-
distance communication signals (KonisHr 19702, CHaPruis 1971; Jitka & LEISLER
1974; MorToN 1975; MARTEN & MARLER 1977; MaRTEN, QUINE & MARLER 1977).

*) Contribution No. 231 of the Charles Darwin Research Station, Galapagos.
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In this summarial report I attempt to correlate vocal dialects in Darwin’s finches
with sound attenuation characteristics of the natural environments in the Galdpagos
Archipelago. An ecological explanation is proposed for specific song dialects on
specific islands, for parallel shifts in the songs of sympatric species, and for the
intra-island variation in the song of one species in different vegetations.

Materials and Methods

Field and laboratory procedures are summarized below. Numerous details are presented
elsewhere (Bowman 1980).

a. Field recordings

Tape recordings of songs of Darwin’s finches were made with Nagra 11I-B and IV recorders
at a tape speed of 15 i. p.s., using American D-33 microphones mounted in 25-inch aluminum
parabolic reflectors, and reflectorless Sennheiser “ultra-directional” microphones (models
MKH 805 and 815 U) equipped with windscreens (models MZW 815 or 804). A variety of
“3M” brand polyester base magnetic tapes (nos. 200, 202, and 207) was used. Only those
songs recorded from birds in fully adult plumages (BowmaAN 1961) were employed in the
spectrographic analyses.

b. Laboratory analyses

Three types of spectrographic display were prepared for each song using the Kay Elemetrics
Spectrum Analyzer (“Sona-graph” model 6061 B, range 85—16,000 Hz) equipped with an
Amplitude Display (model 6070 A) tuned to the “flat™ response setting (Fig. 1).

The amplitude contour accessory to the “Sona-graph” converts the sound signal into a dis-
play in which amplitude discribution is defined by six contour lines, each with a 6 dB interval.
Only the four highest contour areas, namely 6, 5, 4, and 3 (Fig. 1) were used in this study
because the perimeter of amplitude area 3 approximates that of wide and narrow band
displays of the same song, and probably delimits most if not all of the critical sound energy
used in long-distance transmission.

Since there is an approximate doubling of sound amplitude with each 6 dB pressure
increment (PETERSON & Gross 1972), numerical values of 1, 2, 4, and 8 were assigned to the
contour levels 3, 4, 5, and 6, respectively, in order that the logarithmic values (decibels) of
the amplitude contour display could be converted proportionately to linear values of the
amplitude grid score. This allows us to add the linear values when calculating relative
amplitude distribution for entire songs (Fig. 1).

Within the confines of any given square of the grid, the amplitude shading with the highest
numerical value determines the value assigned to the entire square, even though shades of
lesser value may also be present. Thus, the machine-generated amplitude contour display of
a song is translated into a mosaic composed of four numbers, viz. 1, 2, 4, and 8. The total
energy contained within a 250 Hz bandwidth across the song was obtained by adding
together all linear values of the grid squares in the band, Using the band totals of all songs,
histograms were constructed showing the amplitude distribution according to frequency for
songs of individuals (Fig. 1) and populations (Figs. 7, 8, 11, 12 and 13).

c. Measurement of decibellevel of song

There have been few successful attempts at measuring the absolute sound levels of the
vocalizations of non-captive song-birds. Recent studies by Witkin (1977) and HruwINkEL
(1978) are noteworthy for their use of modern instrumentation and for the behavioral
significance of their findings.
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Fig. 1. Comparison of three types of graphic display of bird song (above) and method of analysis of
relative amplitude of song (below), according to a scheme developed by Horr (1976). See text for details.

In the Galdpagos, sound pressure levels of territorial songs were measured on four species
of Darwin’s finches on islas Genovesa and Wolf (Fig. 2). Playback of a tape recording of an
individual’s song was used to attract the bird to within three feet or less of a handheld
microphone (Britel & Kjaer type 4131) equipped with a random incidence corrector (B & K
type UA 0055) and windscreen (B & K type UA 0082). The entire. transducer system was
mounted on a Sennheiser microphone boom (model MZS 805) and connected to a sound level
meter (B & K type 2203) with octave filter set (B & K type 1613) by means of a ten-foot
extension cable (B & K type AO 003). The microphone output was calibrated with a piston-
phone (B & K type 4220). The non-weighted signal from the sound level meter was fed into
a Kudelski Nagra III-B tape recorder (operating speed, 15 ips), the two instruments being
“matched” by using the dB level of the sound level meter calibration tone as a standard of
reference (see Bowman 1980 and WiLson 1968).
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In the field an estimate was made of the distance between the bill of a singing bird and
the end of the microphone. This information along with that pertaining to the nature of the
alignment between bird and microphone, the readings of the attenuator setting on the sound
level meter, the date, time, temperature and relative humidity, were recorded on the sound
tapes. In the laboratory, recordings were analyzed using essentially the same equipment
and arrangement thereof as employed in the analyses of sound transmission (see below, and
Fig. 6).

The “all pass® dB level readings from the output of the graphic level recorder (B & K
type 2305) were “adjusted” for each song recording because of differences in subject-to-
microphone distance. Since sound pressure level diminishes with increasing distance at the
rate of about 6 dB with each doubling of distance from the sound source (i. e. “inverse square
law”; Woop 1947), the recording distance of a singing bird was “halved” a sufficient number
of times in order to bring the effective distance between bird and microphone to about one
inch (actual range, 0.9—1.5 inches). With each halving of distance, a factor of 6 dB was
added to the dB value shown on the output of the level recorder. For example, if the latter
was 75 dB, and the estimated recording distance was 36 inches, then, as a result of dividing
36 inches by 2, and each successive quotient by 2, then as a result of a series of 5 such divisions
we arrive at an effective working distance of 1.125 inches between bird bill and front end
of microphone. To the level recorder output of 75 dB was added 30dB (i.e. 5 times 6 dB)
thereby making a total song pressure level of 105 dB at a point very close to the source of
the sound. In order to minimize the effect on the calculations of potential errors in estimating
bill-to-microphone distance and in judging goodness of alignment between microphone and
bird, most of the dB values of song were arrived at by averaging comparable data points
from two or more song recordings from the same individual (see Table 4).

d. Measurement of sound transmission

Sound transmission in the song environments of the finches was studied on several main
islands of the Galdpagos Archipelago (Figs.2 and 3). Measurements of sound penetration
were made shortly after sunrise (6:00a.m.) when the air was calm and relatively free of
heat stratification. An amplified “pink noise” spectrum, originating from a battery powered
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noise generator (custom built for this study by the acoustical consulting fitm of Wilson, Ihrig,
and Associates of Oakland, California; see Wirson 1968) was broadcast through a speaker
system (Altec Lansing driver model 802 D and horn 811 B) mounted on a Tiltall metal tripod
one meter above ground level (Figs.4 and 5). The transmitted noise was recorded through a

Fig. 3. Galdpagos vegetation. a, Isla Santa Cruz; coastal zone around Academy Bay showing tree-like

Opuntia echios. b, Isla Santa Cruz; elevation 500 m, north-central region showing forest of tree

composite Scalesia pedunculata. ¢, Isla Espafola; coastal zone of Punta Suvarez. d, Isla Genovesa;

dwarf Bursera graveolens forest around Darwin Bay. Note human figure in lower right corner of

picture. e, Isla Wolf; patch of Opuntia belleri in foreground and shrubs of Croton scoumleri in badk -
ground on north-central mesa.
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Fig. 4. Arrangement of equipment used for measuring sound transmission in Galdpagos environments.

Key to symbols: EF, environmental factors; GC, ground conditions; LS, loud speaker; MS, monitoring

stations; PA, power amplifier; RNG, random noise generator; SLM, sound level meter; T, wripod; TR,
tape recorder; and V, vegetation.

sound level meter, equipped as described above for measurement of dB level of song, using
the nonweighted network, and also positioned one meter above ground level on a tripod at
six stations along a straight line transect 25, 50, 100, 150, 200, and 300 feet from the front
of the speaker. (See BowmaN 1980 and WiLson 1968 for additional details).

Transmission efficiencies of pink noise and vocal spectra of the finches are assumed to be
the same for individual frequencies.

e. Display of sound transmission data

Recordings of transmitted pink noise were analyzed by means of a sound filter (General
Radio Sound and Vibration Analyzer model 1564) at one-third octave intervals from 500 Hz
to approximately 10,000 Hz. Sound pressure levels (dB values) were obtained from the strip
chart of the graphic level recorder (Fig.6) and plotted on graph paper having frequency
(kHz) on the vertical axis and distance in feet from the sound source on the horizontal axis
(e. g. Fig. 13). Points of equal absolute sound pressure were connected to produce an “iso-
decibel” contour line. Contour lines were plotted at 3 dB intervals, with their dB values
shown near the top or bottom of each line. In this way a “sound transmission isopleth™ was
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generated, showing the pattern of sound transmission in a given environment. In practice, the
results obtained from the analyses of at least two or more sample sound lines were averaged
before the data were plotted as an isopleth. Also, average dB levels of filtered background
noise were plotted for selected one-third octave center frequencies, and these are shown at

the right-hand slide of the isopleth.

The histograms (frequency/amplitude distributions) may be “projected” onto the corre-
sponding “song fields” (sound transmission isopleths) to allow for visual detection of possible
correlations between the most intensively used frequencies in songs and the most energy
conserving transmission channels in the environments.

As indicated in fig. 20, only a very small percentage of the geospizine song frequencies
occurs below one kHz (cf. Konisur 1970 a). Consequently, we need have little concern here
for the marked diminution of low frequency amplitudes and the loss of transmission efficiency
that characterize all the isopleths below 1.0 kHz. Presumably, this phenomenon is due to
ground attenuation (INGARD 1933) and varies according to the height of instrumentation
above ground level (MarTEN & MAaRLER 1977). In those Galdpagos environments tested up
to now, the most energy efficient channels for sound transmission occur in the frequency
range of 1.5 to 2.0 kHz (cf. MorToN 1975). This is below the modal amplitudes, but within
the low frequency ranges, of most songs of Darwin’ finches.

Results and Discussion

1. Song frequencies

Dazta presented in fig. 20 support the conclusion of GREENEwWALT (1968) that there
is little if any direct correlation between the size of a song-bird and the highest
frequency in its song. For example, Isla Wolf Geospiza magnirostris (the second
largest species of Darwin’s finches) and Isla Genovesa Geospiza difficilis (the second
smallest species) sing some of the highest frequencies in their advertising songs,
whereas Isla Espafiola Geospiza conirostris (the third largest species) and Isla
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Santa Cruz Certhidea olivacea (the smallest species) sing some of the lowest
frequencies. Furthermore, the so-called “whistle” song of most of Darwin’s finches,
including largest and smallest species, begins in the frequency range of 13—14.5 kHz
(see Fig. 17 A and Bowman 1980).

Konisur (1970a) has suggested the possibility that the lowest frequencies of song
may be correlated with the size of the internal tympaniform membrane of the syrinx.
A comparison of data in figures 20 and 21 shows that such a correlation is none too
good for Darwin’s finches. Rather, the correlation seems to be much better when
modal amplitudes of song frequency spectra are compared with average membrane
dimensions. Although Certhidea olivacea (the smallest finch) is capable of membrane
vibrations at a fundamental frequency as low as in Geospiza conirostris (the third
largest finch according to body weight), the smallest absolute size of the membrane
in Certhidea olivacea presumably causes it to vibrate at 2 modal frequency that is
considerably higher.

2. Island song dialects of Geospiza conirostris

The song populations of Geospiza conirostris on islas Genovesa and Espafiola differ
most obviously in frequency spread. Genovesa song has a bandwidth that is signi-
ficantly narrower than that of Espafiola song, i.e. 4.25 kHz versus 6.0 kHz, respec-
tively (see Table 1 and Figs. 7 and 20). The greater spread of Espafiola song may be
correlated with the broadening of the most energy efficient transmission channel on Isla
Espafiola, as evidenced by the more vertical orientation of the isodecibel contour lines
between approximately 2.0 and 4.25 kHz (cf. sound transmission isopleths for islas
Genovesa and Espafiola in Fig. 7).

Since we know (a) the frequency/amplitude distributions of the songs and (b) the
manner in which the natural environments transmit the song frequencies contained
in our pink noise spectrum, it is possible to calculate the rate of decay of the signal
as it traverses the environment, and to determine if any significant disparity in
absolute sound intensities develops between any two frequencies at a specified distance
from the sound source.

With reference to the pink noise signal, the difference in decay rates between
highest and lowest frequencies of Espafiola G. conirostris song over a distance of
300 feet from the sound source, is only one decibel (i.e. 12 minus 11 dB, Table 1,
Line 1, Column F), and the difference in absolute intensity at 300 feet
between highest and lowest frequencies in the central band which carries 80—85 per-
cent of the sound energy, is only two decibels (i.e. 54 minus 52 dB; see Table 2, Line 1,
Column D).

Comparable calculations for Genovesa G. conirostris yield a decay rate
differential of only three decibels over 300 feet (Table 1, Line 3, Column G) and an
absolute intensity difference between highest and lowest frequencies of
four decibels at the 300-foot distance (Table 2, Line 3, Column D).
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Fig. 7. Comparison of song amplitude distributions, body weights, sound transmission isopleths and

sample song spectrograms for Geospiza conivostris populations on Isla Genovesa (top), Isla Espaiiola

(middle), and Geospiza scandens on Isla Santa Cruz (bottom). Decibel values for contour lines are

shown near their upper and lower ends. Badsground noise levels according to selected frequencies are

shown at the right-hand edge of each isopleth. Body weight datum for Isla Genovesa, courtesy of
P. R. GrANT.
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These data suggest that long-distance sound transmission on Isla Genovesa is less
efficient than on Isla Espafiola, irrespective of frequency. A comparison of the
isopleths for the two islands (Fig. 7) reveals a closer spacing of the isodecibel contour
lines on Isla Genovesa, a condition indicating a relatively higher rate of sound
attenuation. Whereas on Isla Genovesa the 3 kHz sound, for example, is reduced to
an intensity level of 43 dB at 300 feet from the sound source, on Isla Espafiola the
same frequency is reduced to only 52 dB, thereby affecting an energy “saving” of
9 dB by the Espafiola environment.

Perhaps a more revealing demonstration of the adaptiveness of the two conirostris
song populations to their respective (concordant) environments can be made by
“projecting” song dialects into discordant song environments, as is done in Tables 1
and 2, Lines 2 and 4. When the “narrow bandwidth” song of Genovesa conirostris
is transmitted through the “wideband” efficient discordant environment of Isla
Espaiiola, there develops only a very small disparity in decay rates (i.e. 1dB;
Table 1, Line 2, Column G) and absolute sound intensities (i.e. 1dB; Table 2,
Line 2, Column D) between high and low frequencies over the 200-foot transect.
However, when the “wide bandwidth” song of Espafiola conirosiris is trans-
mitted through the “narrowband” efficient discordant environment of Isla Genovesa,
there develops 2 much larger disparity in decay rates (i.e. 6 dB; Table 1, Line 4,
Column G) and absolute sound intensities (i.e. 10dB; Table2, Line4,
Column D) between high and low frequencies over a 300-foot transect.

Although nothing specific is known about the sensitivity of the geospizine ear, some
information is available (cf. DooriNg, MurLican & MILLER 1971; Konisar 1970a)
for song birds and particulary for a distantly related finch, the canary (Serinus
canarius), which data we may apply, perhaps simplistically, to the condition in
Darwin’s finches (Table 2). I am assuming, for want of information to the contrary,
that a source adjustment has not already been made in the songs of the birds to
compensate for the differential frequency sensitivity of their ears. Consequently, it
is necessary to subtract relative dB values (as derived from a graph given by Doorixg,
MuLricaN & MiLiER 1971) from our absolute sound intensity values (Table 2,
Column F). Presumably now the dB levels of the high and low frequency components
of the songs at stations 50, 100, 200, and 300 feet better reflect the relative intensities
as the birds might hear them in nature.

What emerges from an analysis of these data is a better understanding of the
adaptiveness of song to specific environments. Dialects in concordant song environ-
ments (Table 2, Lines 1, 3, and 5, Column G) are efficient in the sense that most of
the song energy is concentrated in a transmission bandwidth that travels with the least
distortion of all frequency components over great distance. Dialects in discordant
environments (Table 2, Lines 2 and 5, Column G) develop notable intensity disparities
(7—9 dB) between frequency components during short-range transmission (e. g.
100 ft.), which, I assume results in an early (i. e. short-range) loss of intelligibility.
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Differences in the song ecology of the two island populations of Geospiza
conirostris suggest that certain vagrant males might experience formidable difficulties
in establishing themselves on another island because of possible mis-matching of song
structure and transmission pattern, with all the attendant problems (e. g. mate finding
and territorial defense) normally mediated by song.

In a vocally polymorphic population such as Espafiola G. conirostris, certain song
types (“morphs”) would fare better than others if transplanted to a “foreign”
environment such as that of Isla Genovesa. For example, an Espafiola song of narrow
bandwidth (such as R-73/10, Fig. 7) would be less maladapted than a song of wide
bandwidth (such as R-46/2) when transmitted in the narrow bandwidth, energy
efficient channel of the Genovesa environment.

Field observations and laboratory experimentation indicate that geospizine song is
culturally transmitted from “father to son” during the male parent-dependent fledgling
stage (BowmaN 1980). Such filial tradition in song acquisition does, however, allow
for structural alteration of the signal such as occasionally takes place when a young
orphan becomes imprinted on the song of the foster male parent (Bowman 1980).

A further demonstration of the adaptive relationship between the bandwidth
(frequency spread) of song and attenuation characteristics of the environment can be
made by comparing song transmission data for Geospiza scandens (Isla Santa Cruz)
with those for Geospiza conirostris (Isla Espafiola). Refer to Tables 1 and 2, and
Fig. 7. These allopatric species are very similar ecologically.

The upper frequency limit of song (6.5 kHz) is the same for both species (Table 1,
Lines 1 and 5, Column C), and the sound transmission isopleths for islas Santa Cruz
and Espafiola are quite similar, except for the fact that the isodecibel contours of the
Santa Cruz isopleth are more vertically oriented above 4 kHz (Fig. 7). Whatever
transmission advantage this latter situation might confer to the high frequency
components of Geospiza scandens song, is probably offset by the slightly greater
average decay rate for the highest song frequency in the Santa Cruz environment
than in the Isla Espafiola environment (see Table 1, Lines 1 and 5, Columns F and G).
This difference is exemplified by the fact that at 300 feet from the sound source, the
5 kHz frequency band is attenuated 42 dB on Isla Santa Cruz whereas on Isla
Espafiola it is only down to 48 dB. Nevertheless, in its environmental adaptiveness
Santa Cruz G. scandens song parallels closely Espafiola G. conirostris song, and this
fact is corroborated by data on intensity differences between high and low song
frequencies abjusted to the presumed auditory sensitivities of the birds (Table 2,
Lines 1 and 5, Column G).

Parallel structural variation in the songs of two groups of sympatric species of
finch in the coastal zone of Isla Santa Cruz are shown in figs. 9 and 10. In each
group I attribute this phenomenon to similar acoustical “constraints” of the sound
transmission environment and to similar behavior (i.e. all species whose songs are
pictured in fig. 9 are “tree-finches,” ecologically; those pictured in fig. 10 are
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Fig. 8. Song amplitude distributions of nine sympatric species of Darwin’s finches on Isla Santa Cruz.
Top row: Average of all species distributions (left) and sound transmission isopleth for coastal zome
(right). Middle and bottom rows: Amplitude distribution of songs of nine sympatric species.
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“ground-finches,” ecologically). Of course, since all available evidence indicates that
the sub-family Geospizinae constitutes a monophyletic group (Bowman 1961; Jo
1980; Lack 1945; PoLans 1980), it is reasonable to assume that close genetic affinity
accounts for some sharing of song parameters, such as temporal subdivisions of their
“basic” songs (see BowMaN 1980), but it probably does not account for much of the
parallel structural patterns and energy distributions among species of Darwin’s
finches living in ecologically similar “sound environments.”

Song bandwidth seems to be correlated neither with high nor low incidence of
sympatry. Evidence for this is as follows: Songs of Geospiza scandens on Isla Santa

SPECIES BASIC SONG DERIVED SONG
FULIGINOSA ks R-A14/6 7-188/6 R-14976 R-Tia74
1 oy H 5 514,
) s w S s ) il
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Fig. 10. Parallelism in songs of three sympatric species of Geospiza recorded at Academy Bay, Isla
Santa Cruz. Ecologically, Geospiza magnirostris, G. foriis, and G. fuliginosa are “ground-finches”.
Basic and derived song type designations refer to a developmental scheme described by Bowman (1979).
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Cruz (where nine species reside sympatrically; see Fig. 8) and Geospiza conirostris
on Isla Espafiola (where three species reside sympatrically; see Fig.7) are equally
variable, and considerably more variable than the song of G. conirostris on Isla
Genovesa (where four species reside sympatrically; see Fig. 11). In other words, the
bandwidth of long-distance song signals appears to be functionally related more to
environmental qualities affecting sound transmission than to the number and kind of
coinhabitants present.

To summarize, the preceeding examples demonstrate the following principles:

1. Island dialects in the songs of Darwin’s finches are local behavioral adaptations
(cf. Kine 1972; Norresonm 1972) characterized by a frequency/amplitude
distribution that least disturbs the integrity of the sound signal over the greatest
possible distance.

2. Transmission rates for high and low sound frequencies are peculiar to each island
environment.

3. Character convergence in various structural details of songs, in both sympatric
and allopatric species, is a response to similar physical characteristics of the
environment affecting sound transmission (cf. Brown & WiLson 1956; Copy 1969,
1973 & 1974; Copy & BrowN 1970; GRANT 1966).

4. Prequency breadth (bandwidth) of song is greatest on islands where environments
show the least disparity between high and low frequency transmission rates.

3.Comparison of songs onislas Genovesaand Wolf

The geospizine faunae on islas Genovesa and Wolf are very similar. Both islands
support resident populations of Geospiza difficilis, Geospiza magnirostris, and
Certhidea olivacea (cf. Figs. 11 and 12). In addition to these species, Isla Genovesa
has Geospiza conirostris. (The breeding of G. comirostris on Isla Wolf has been
reported only by Curio & Kramer 1965. Neither this writer, who has visited Isla
Wolf during the breeding season of the finches in 1964, 1968, and 1979, nor PETER
R. GraNT, who visited the island in 1978 — personal communication — have ob-
served this species on Isla Wolf.)

Conspecifics on the two islands display marked song dialects (cf. Fig. 11 and 12).
A comparison of amplitude distributions of the songs shows that the largest species,
G. magnirostris, possesses a monomodal distribution of energy at 2.5 kHz on
Genovesa, but a trimodal distribution on Wolf at 2.5, 5.0, and 8.0 kHz. A rather
similar type of upward shift in frequency emphasis prevails in the case of Geospiza
difficilis, with a bimodal distribution of energy on Genovesa at 4.0 and 9.5, and
14.0 kHz! The songs of the smallest species, Certhidea olivacea, although quite alike
in their frequency distribution ranges on the two islands, differ in their amplitude
distributions, with the Wolf population strongly skewed toward the higher fre-
quencies (Fig. 12). Although small sample sizes for G. magnirostris and C. olivacea
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on Wolf make it necessary to draw conclusions cautiously, it does appear that there
is a significant amplitude shift into higher frequencies in the songs of all Wolf species
of Darwin’s finches.

If we average song amplitude distributions of all finch species for an island, we
obtain histograms as shown in fig. 13. With reference to these we can better see how
the average energy spectra of the songs differ on islas Genovesa and Wolf, and how
this difference is related to the patterns of sound transmission. On Genovesa the total
song energy distribution, though broad, is rather narrowly concentrated in the 2.5 kHz
mode, whereas on Wolf the equally broad energy distribution has an emphasis in the
2.0—2.5 kHz, the 5.0 kHz, and slightly in the 8.0 kHz regions.

In relating song amplitude distributions to sound transmission isopleths, it should
be noted that the contour lines closest to the sound source on Wolf are almost verti-
cally oriented for the first 50 feet of the transect, in the 2.5—10.0 kHz bandwidth,
and are positioned very close together. (Fach contour line on the isopleth bordersa 3 dB
change in sound pressure level). In other words, any frequency within
this sound spectrum (25—10.kHz) should experience little
differential frequency-dependent loss of sound pressure
in travelling 50 feet from the sound source For frequencies
between 2.5 and 10.0 kHz the average cumulative attenuation over this remarkably
short distance is 15 dB (range is 12—17 dB). For frequencies between 1.0 and 2.0 kHz
the average dB loss for the first 50 feet is 6 dB (range is 57 dB). So rapidly is sound
attenuated by the Isla Wolf environment that at 4 kHz there is a 36 dB loss between
the sound source and a point 100 feet distant! Compared with all other islands
studied, the Isla Wolf environment attenuates sound most rapidly, and this is true
of all frequencies between 2 and 10 kHz. An “optimum” efficiency in transmission
is achieved at a narrow frequency bandwidth centered at 2.0—2.5 kHz where an
18 dB loss is experienced at 100 feet from the sound source. Despite a slightly
improved transmission efficiency at this frequency and a small modal peak on the
amplitude histogram of combined songs, the bulk of the song energies is concentrated
in higher frequencies (Fig. 13).

The comparatively poor sound transmission that characterizes the Isla Wolf
environment has shaped the vocalizations of its song-bird inhabitants so as to “free”
them from the environmental constraints which, as on Isla Genovesa, have kept them
from singing high frequencies. Indeed, even the large sized G. magnirostris, whose
conspecifics on other islands of the Galdpagos have songs with unimodal amplitudes
at 2—3 kHz (Figs. 8 and 11), find remarkable “release” on Wolf.

Field observations indicate that Isla Wolf has a rather dense and often patchy
vegetation dominated by Opuntia and Cordia shrubs (Fig. 3 e) which supports a high
density population of finches, mainly of G. difficilis. The abundance of finches and
their foods, I speculate, has encouraged relatively small territory sizes, the conse-
quence of which is as follows.
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Territorial song, which is generally perceived as a long-distance signal,
is operating at close range on Isla Wolf, and within an acoustical enviropment where
there is no selective energetic disadvantage in singing songs punctuated with
high frequencies. By “invading” a higher frequency spectrum the birds may be
taking better advantage of increased information that can be used for binaural
localization, i. e. directional hearing (MARLER 1955; Konisur 1970b, 1973). The fact
that G. magnirostris sings very high-pitched sounds on Isla Wolf, despite the species’
structural disposition to sing lower modal frequencies — because of its rélatively

TOTAL AMPLITUDE SOUND TRANSMISSION
DISTRIBUTION ISOPLETH

o IR T
: NNKQ§§H
: N&§§§§z

|| i
. A \\ /o
: \ \k\k§§ :

TFig. 13. Average of amplitude distributions of songs of all species of Darwin’s finches on islas Genovesa
and Wolf (left), and sound transmission isopleths for the same islands (right). Background noise levels
are shown at the right-hand side of each isopleth.
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large body size (Fig. 20) and internal tympaniform membrane (Fig. 21) — it may be
presumed that a strong selective pressure exists favoring high frequency vocalizations.
We can probably rule out any effect attributable to sound “masking” by the coastal
surf or sea-bird colonies, because the background noise level is about average for
Galdpagos environments (see dB levels at right side of isopleths). Dooring, MuLLIGAN
& MILLER (1971) have suggested that song energies are focused in frequency regions
at which a bird has maximum auditory sensitivity. If we compare the average song
amplitude distribution of all finch species on Isla Genovesa (Fig. 13, top) with the
auditory sensitivity curves presented by DooriNg, MuLricaN & MILLER (1971) we
find unimodal coincidence near 3 kHz. The same is not true for the averaged finch
songs on Isla Wolf. Because of an amplitude shift to higher frequencies (Fig. 13,
bottom), one might conclude, possibly erroneously, that the Wolf birds have different
hearing sensitivities than their conspecifics on nearby Isla Genovesa. Whatever
advantage might be conferred on the finches through intensive use of high frequencies
in their songs must surely be founded in the unusual ecological (acoustical) conditions
prevailing on Wolf island.

The sound transmission isopleth for Isla Genovesa shows a general resemblance to
that of Wolf (Fig. 13), primarily in the near parabolic shape of the dB contours.
There are important differences, however, in such details as the less vertical orienta-
tion and more open spacing of the contour lines.

It should be noted that the graded lowering of modal amplitudes that is associated
with an increase in body size in the Genovesa species (Fig. 11 and 20) may be due to
the effect of “scaling” (cf. Stmxin 1973 and BErRGMANN 1976).

Although we presently lack data on territory size for the geospizines, it is here
asumed that larger bodied species such as G. magnirostris and G. conirostris hold
larger territories on Isla Genovesa than do the smaller bodied species such as
G. difficilis and Certhidea olivacea. This notion is in agreement with the general
findings of territorial studies made on continents (WELTY 1975), notwithstanding
the many complicating circumstances that might alter such a relationship. In addi-
tion, if we assume that a more or less direct relationship exists between population
density and territory size, then we may infer from the relative abundance data on
species of Geospiza obtained by ABBoTT, ABBOTT & GRANT (1977) On Isla Genovesa,
that difficilis (the smallest species of the genus) has a smaller territory size than
magnirostris (the largest species), with conirostris (the medium-sized species) having
a territory somewhat intermediate in size between the two former species, but
probably closer to that of G. magnirostris.

Defense of a large area is facilitated by the use of a long-distance vocal signal.
The development of a low-frequency modal amplitude (3 kHz) and a narrow band-
with in the songs of the two larger species of Genovesa finches, has promoted a highly
adapted advertising signal that is capable of exploiting the most energy efficient
transmission channel in the environment (cf. Fig. 11 and 13). The second smallest
species on Genovesa, G. difficilis, shows a bimodal amplitude distribution in its song
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and a significantly wider bandwith that is broadly spread in the higher frequencies,
insignificantly “occupied” by the songs of the larger species. The greater relative
abundance and presumed smaller territory sizes in G. difficilis and Certhidea oliva-
cea, have lessened the “need” for a far-flung vocal signal, and may have encouraged
the use of higher frequencies whose energies, when compared with those of lower
frequencies, are not disproportionately squandered by the environment or made
functionally ineffective within the shorter communication distances that are likely
to be involved. It may be in error to always equate operationally “territorial song”
to “long-distance signal”. In general, smaller sized and more abundant spleies of song
birds in possession of smaller territories probably produce lower amplitude songs,
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Fig. 14, Advertising songs of Geospiza conirostris (A) and Geospiza magnirostris (B) from Isla Genovesa,
showing average decibel levels at several points in time. Wide-band display above and amplitude
contour display below.
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Fig. 15. Advertising song of Geospiza difficilis from Isla Genovesa, showing average decibel levels at
several points in time. Wide-band display above and amplitude contour display below.

spread over a wider frequency spectrum, than is the case with larger sized and less
abundant species of song birds. This results in a reduction of effective transmission
distance of the songs, which, nevertheless, meets the requirements necessary, among
other things, for territory maintenance and mate attraction (cf. HEUWINKEL 1978).

Data on sound pressure levels of territorial songs of free-living Darwin’s finches
are available for islas Genovesa and Wolf (Table 3 and Figs. 14—17), which indicate
that larger sized species have somewhat more powerful songs than do smaller sized
species. For example, on Isla Genovesa the two larger species, G. magnirostris and
conirostris, have song intensities ranging from 91 to 104 dB and from 100 to 102 dB,
respectively, whereas the two smaller species, G. difficilis and Certhidea olivacea
have ranges from 73 to 95 dB and from 84 to 99 dB, respectively. If we examine
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GEOSPIZA DIFFICILIS (HoLe) R-6
JCILIS Gore)  R-676 SOUND PRESSURE LEVEL (peciseLsy
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@ @ @ ®
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Fig. 16. Advertising song of Geospiza difficilis from Isla Wolf, showing average decibel levels at
several points in time, “Derived” song, left; “special basic” song, right (see Bowman, 1980 for and
explanation of song-type designations). Wide-band display above and amplitude contour display below.

only the song regions with the highest dB values. (Fig. 18) it is fairly obvious that
the larger-sized species inject more energy into their songs than do the smaller-

sized species.

A picture emerges of the relationship between decibel level and modal frequency
of song, on the one hand, and relative body size and abundance on the other (see
Fig. 19; cf. JiLxa & LEisLER 1974).

4. Intra-populational variation in song of Camarbynchus
parvulus

On the south-facing slope of Isla Santa Cruz, the parid-like tree-finch, Cama-
rhynchus parvulus, breeds from the coastal cactus plains up through the fog-drip
Scalesia forest at an elevation of about 200 m (see Fig. 3 a, b and Bowman 1963),
Although the birds exhibit no obvious morphological differentiation throughout
this range, their galaxy of songs shows a “clinal” shift along a lowland-
highland vegetation transect. Songs heard in the arid coastal zone are struc-
turally somewhat more diverse than those heard in the highland zone (Fig. 22).
Whereas the Scalesia forest highlands are “home” for basically one form of song,
namely type “B,” the lowlands play host to many song forms whose extreme is type
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Fig. 18. Decibel values for the “loudest” region of the songs of four species of Darwin’s finches on Isla

Genovesa arranged according to body weight. Solid line connects mean values and the broken vertical

lines indicate ranges of variation in dB levels, with the number of songs analyzed shown at the lower
end of each line. Compare with Table 3 and Figs. 14—17.

“A.” The difference is striking. Coastal song types are reminiscent of certain
vocalizations of Parus inornatus (see Bowman 1980), Junco oreganus and Spizella
passerina of western North America, whereas the highlands song shows some
acoustical resemblance to the territorial “chick-a-dee” utterances of Parus atricapillus
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Fig. 19. Scheme showing the
relationship between frequency
and decibel level of song, and
relative size of bird and
abundance, as it pertains to
the four sympatric species of
Darwin’s  finches on Isla
Genovesa.
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for 14 species of Darwin’s finches. Data on males only are from Isla Santa Cruz, except as indicated.

and P. inornatus, also of North America. This writer has never heard an “A” type
song in the Scalesia forest, but the “B” type song is sometimes heard in the low-
lands.

In order to explain this rather unusual song distribution (one which could change
with continued destruction of the Scalesia forest for purposes of agriculture), let us
compare amplitude distributions for highland and lowland songs with their respective
sound transmission isopleths. To facilitate the analysis, and to better appreciate the
adaptive significance of the song type distributions, I have superimposed two bladk
vertical bar, labelled “A” and “B,” of different length and cross-hatching, on the
lowland and highland isopleths at points 100 ft. and 125 ft., respectively, distant from
the sound source. The bar height corresponds approximately to the frequency spread
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of the song type. The coastal type “A” song is high-pitched to the human ear and has
a very broad frequency spread (2.5—7.0kHz) and a total bandwith of 4.5 kHz.
The highland type song “B” has a comparatively narrow frequency spread (2.5—
4.0 kHz) and a total bandwith of 1.5 kHz, and consequently sounds lower-pitched.
In Panamé4, MorToN (1970) noted a similar difference in pitch between the songs
of birds living in “tropical” forests and those living in more open habitats (e.g. grass-

lands).

Song type “B” travels with minimal distortion for hundreds of feet in the coastal
zone, largely because of the natrow bandwidth, which allows this signal to “fit”
into the 2.5—4.0 kHz transmission channel where the contour lines of the coastal
zone isopleth (Fig. 22) proceed like square-ended wave-fronts through the thorn-
scrub cactus forest (Fig. 3 a). Sound pressure levels of high and low frequencies
decrease uniformly over the entire bandwidth and the transmission field illustrated
(see Table 4, Line 3, Column F). Clearly, this vocal signal is well adapted for long-
range communication in the coastal zone of Isla Santa Cruz. The same can be said
about song type “B” in the Scalesia forest zone, except that here the overall rate of
attenuation is somewhat greater in the first 150 feet from the sound source,. as

5
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J. Orn.
120

E

. I. Bowman

382

‘ploysaays Asoipne oyl o1 3so]d ‘Ajqennsaxd ‘pur [2ad] Islou punoidyoeq 2A0qe $SI[ JO gp O] JO [PA9] T 1wdIpUl snfra AIUSULIUL U PUNOIE SINOBIY .
'SoU0Z 15010 BISI[ROG PuT [EISEOD 10F syio[dost uorssiwsueil punos pue sad43 Suos Jjo sweadosideds punos 10f 7z 81 996 .

5 ¢ ¥y I sy L& 0T 6 8¢ 9% €9  ¥L 006 ¢ O1 IUSWUOIIAUD 18230F #ISPIG
6 O T OI vel ¢+ 65 €« 000 ¥ IH ur g, Suog b4
1 0 z ¢ L& 6T 91 8 9%  ¥s L9 L 00¢ T o1 ATIUILOIIAUY 9UOZ TBISEOD
¥e ST Ol 1 s ¥s 69 8L 000 + IH ur g, 3uog ‘t
/ 9 a0 sy LE 0T 6 8¢ 9% €9 ¥/ 00s T o1 1USTIUOIIAUD 1$910] PISIVIS
i o oee 8 wlrel o 05 w2 000 £ IH u .y, 8uog g
9 ¢ z 1 /. 6 91 8 9%  ¥S L9 &L 005 T o1 IUSTIUOITAUD JUOZ [BISEOD
¥y 9¢ 0T 11 ot 6v S99 L 000 £ IH ut .V, 3uog ‘1
00¢ 00C 001 .06 .,00¢ ,00C 001 .0S Q0¢ ,00C 00T 0%
JO 92IN0G PUNOS WOIf JO 921n0G PUNOG
$20UBISI(J 38 ((J BWN[0)) JO 90i1n0§ PUNog 93 aU31 WO SIUBISI(] (z1D)
sorouanbory O Pue [ WOIJ sa0uLIS( 38 1e sappuanbax aduey sse[D
uaamiaq (gp) Lususyu] ssouenbaxy O7 pue IH O pue IH Jo (gp) Aouanbaig Aouanbarxg
0IN[OSqY Ul UDIJJLT 3T SSO] gP FANE[AWN)) Lirsuaiu] 9Injosqy WAWTKEN Suog Jwswvosauy Suog  aury
A d a O d v awnion

"ZNI7) eIUES B[S] JO SOUOZ 15340 522§ PUT [BISEOD Y3 UL s#jnaivd
sngpudgivury) jo g, pue .y, sad41 Suos ur sowuanbesj mof pur y3ng ussmivq seoudadyyip  Ausuaiur, jo uostredwol) p o[qe],



Song Dialects in Darwin’s Finches 383

Heft 4
1979

evidenced by the more closely positioned and vertically oriented contour lines (Fig.
22). With increasing distance, the type “B” sound channel in the highlands becomes
ever so slightly less efficient than in the coastal zone. Because the dB loss rate for
the type “B” song frequencies is higher in the Scalesia forest zone than in the coastal
zone {compare cumulative dB loss figure in Table 3, Lines 3 and 4, Column E), the
intensity of the song, at least in the higher frequencies, is reduced to a level that is
only slightly above that of the background noise at a distance between 200 and
300 feet from the sound source (Table 4, Line 4, Column D), even though the highest
frequencies of song type “B” are comparatively low when compared to those of song
type “A.” At this distance we must assume that the signal loses intelligibility and
is soon lost totally in the environment. These findings suggest the possibility that
Camarbyndhus parvelus may have slightly smaller territory size in the moister
resource-richer Scalesia forest zone than in the drier coastal zone.

AMPLITUDE VARIATION IN SONG AMPLITUDE
DISTRIBUTION DISTRIBUTION
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Fig. 22. Examples of song types of Camarbyndous parvulus recorded on the south-facing slope of Isla

Santa Cruz (above), showing histograms of amplitude distribution of populations in the coastal zone

(left) and Scalesia forest zone (right). Vertical bars on isopleths (below) represent song types “A”
and “B”. See text for explanation.
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Song type “A” has a strong emphasis on the higher frequencies (see Fig. 22), which
decay at a slightly higher rate than the lower frequencies, resulting in an ever in-
creasing disparity between the two from 1dB to 6 dB at 50 and 300 feet, respec-
tively, from the sound source (see Table 4, Line 1, Column F).

Thus the wideband “A” type song seems to be almost as well adapted as the nar-
rowband “B” type song to the first 100 feet of the coastal transmission environment
of Isla Santa Cruz, but with the “B” type song, and its predominantly lower fre-
quencies, slightly more efficient at greater distances (up to 300 feet). See Table 4,
Lines 1 and 3, Column E.

The fact that the “A” type song of Camarbynchus parvalus is one of the most
common forms to be heard in the outer coast zone of Isla Santa Cruz suggests that
whatever slight disadvantage this broadband signal might have at 200—300 ft.
distances is probably offset by whatever benefits accrue through the use of high fre-
quencies in long-distance vocal communication.

If type “A” song were sung In the highlands of Isla Santa Cruz it would surely
be non-adaptive beyond the 50—100 ft. range because of a serious frequency dependent
amplitude disparity in transmission rates (i. e. 13 dB) that sets in and causes early dis-
ruption of the information content of the song (see Table 4, Line 2, Column F).

Conclusions

In view of the numerous inter- and intra-island differences (and similarities) in
the patterns of sound transmission in Galdpagos environments, it was probably
inevitable that highly variable patterns of song should have developed in the finches
through the process of natural selection. Song patterns permit the birds to adapt to
and exploit the many different and often overlapping sound niches that accompany
the overlapping feeding niches. In Darwin’s finches the occurrence of song dialects
may reasonably be interpreted as local adaptions to specific acoustical conditions
of the environment (cf. THIELckE 1969). Mutual occupancy and exploitation of
Galdpagos environments for species maintenance and reproduction has fostered
parallel ecological adjustments in the advertising songs of the finches. These adjust-
ments take the form of modifications of the communication signal that tend to
minimize transmisson loss by matching song structures with specific sound propaga-
tion characteristics of the environment. Genetic differentiation of populations has
probably been facilitated by energy economizing adaptions of song to specific en-
vironments, thereby tending to promote and maintain philopatry.

Summary
1. This study describes the structure and functional significance of numerous song dialects
in island populations of Darwin’s finches from the Galdpagos Archipelago.

2. The following acoustical information was obtained from tape recordings made in the
islands:
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a. For songs: Frequency bandwidth, relative amplitude distribution according to frequency,
and absolute sound pressure levels (dB).

b. For the environment: Attenuation characteristics of a broadband frequency spectrum
(“pink” noise) broadcast into various vegetations.

Song data are displayed graphically as frequency/amplitude histograms, and pink noise
attenuation as sound transmission isopleths.

3. A comparison of modal amplitudes of song frequency spectra with mean dimensions of
the vibratory (internal tympaniform) membrane of the syrinx and mean body weights,
indicates that larger bodied species of Darwin’s finches sing songs with peak energy at a
lower frequency than do smaller bodied species.

4. A scheme is proposed that relates modal amplitude distributions and sound pressure
levels of song to body size and relative abundance of species. This four-way comparison,
when applied to four sympatric species of Darwin’s finches on Isla Genovesa, shows that
smaller species, singing songs with higher “pitched” modal amplitudes, tend to have lower
sound pressure levels and occur in greater relative abundance (and possibly defend smaller
territories) than larger species.

5. Song dialects of Geospiza conirostris on islas Genovesa and Espafiola are described and
a correlation is made between the song bandwidth and the sound transmission peculiarities
of their respective environments. The bandwidth is regulated by the sound attenuation
characteristics of the vegetation so as to forestall the development of a frequency dependent
disparity in sound pressure levels between highest and lowest song components that might be
damaging to the integrity (information content) of the signal, long before it has travelled an
effective communicating distance through the environment.

6. The Wolf Island environment is acoustically unique among those studied thus far in the
Galdpagos Archipelago because of the unusually high sound attenuation associated with the
very dense vegetation. The latter causes a minimal disparity in rates of sound attenuation
over unusually broad frequency spectra encompassed by the songs. The relatively high
availability of foods has fostered a high population density of finches whose individual
territories, when adjusted to differences in body size with conspecifics elsewhere, are,
presumably, comparatively small and rendered acoustically compatable with the breeding
ecology of the finches. :

7. An ecoclinal shift in the song galaxy of Camarbynchus parvulus on the south side of
Isla Santa Cruz is correlated with altitudinal differences in vegetation affecting sound
transmission. The narrowband song most commonly heard in the humid highlands forest is
less susceptable to frequency dependent disparity in sound transmission rates than would be
the case with the wideband song of the lowlands, were it sung in the discordant highlands
environment. There would appear to be little if any differential advantage of wideband song
over narrowband song where they occur together in the lowlands environment of Isla
Santa Cruz.

8. Several cases of parallel development of song structure by sympatric species of Darwin’s
finches may be due to selection favoring similar vocal responses to acoustically similar
“sound niches”.

Zusammenfassung

Anpassungsmorphologie in Gesangsdialekten bei Darwinfinken

1. Die Arbeit beschreibt die Struktur und funktionelle Bedeutung zahlreicher Gesangs-
dialekte der Inselpopulationen bei Darwinfinken auf den Galapagos Inseln.
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2. Folgende akustische Information wurde durch Tonbandaufnahmen im Freiland ermittele:

a) Bandbreite der Frequenz, der Frequenz entsprechende Schallintensitit, absoluter Schall-
druckpegel (dB) der Gesinge.

b) Dimpfungscharakteristik des in verschiedenen Vegetationen gesendeten Breitbandspek-
trums eines Tongenerators.

Die Gesangsdaten sind graphisch als Frequenz/Schallintensitidt-Histogramme dargestellt und
die Signal-Dampfung als Isoplethen der Schalliibertragung.

3. Ein Vergleich der Schallintensitit der Gesangsfrequenzspektra mit Durchschnittsgréfien
der Membrana tympaniformis interna in der Syrinx und mit durchschnittlichen Kérper-
gewichten zeigt, dafl groflere Arten Gesinge besitzen mit der Hochstenergie in niederer
Frequenz als kleinere Arten.

4. Ein Schema wird vorgeschlagen, welches Modalamplitudenverteilung und Schalldruck-
pegel der Gesinge mit Korpergrofle und relativer Hiufigkeit der Arten vergleicht. Dieser
vierseitige Vergleich angewendet auf die vier zusammenlebenden Arten der Darwinfinken auf
der Insel Genovesa zeigt, dafl kleinere Arten, die mit Modalamplituden hgherer Frequenz
singen, zu niedrigerem Schalldruckpegel und zu héherer Abundanz neigen (méoglicherweise
auch kleinere Territorien verteidigen) als groflere Arten.

5. Gesangsdialekte von Geospiza conirostris auf den Inseln Genovesa und Espafiola werden
beschrieben; das Verhilinis zwischen Bandbreite des Gesanges und Eigenheiten der Schall-
iibertragung ihrer jeweiligen Umgebung ist dargestellt. Die Bandbreite wird durch die von
der Vegetation verursachte Dimpfungscharakteristik der Schalliibertragung reguliert, um von
der Frequenz abhingige Ungleichheit des Schalldruckpegels zwischen hochsten und niedrigsten
Gesangsteilen zu vermeiden, der den Informationsinhalt des Signals, lange ehe es eine effektive
Kommunikationsentfernung erreicht hat, beschidigen kdnnte.

6. Der Biotop der Insel Wolf ist akustisch einzigartig unter den bisher untersuchten Inseln
im Galapagos Archipel; er weist nimlich eine von der sehr dichten Vegetation abhingende
ungewdhnlich hohe Schalldimpfung auf. Die Vegetation verursacht eine minimale Ungleich-
heit der Schalldimpfung tiber das ungewdhnlich breite Frequenzspektrum der Gesinge. Die
relativ reichlich vorhandene Nahrung férdert eine hohe Siedlungsdichte der Finken. Ihre
Territorien bezogen auf die Korpergrofle verglichen mit Artgenossen auf anderen Inseln sind
wahrscheinlich verhiltnismifig klein und akustisch der Brutdkologie der Finken angepafit.

7. Eine 8kologische Verschiebung der Gesangscharakteristik von Camarbyndhus parvulus im
S der Insel Santa Cruz ist korreliert mit Hohenunterschieden in der Vegetation, die die
Schalliibertragung beeinfluflt. Gesinge mit enger Bandbreite, die man gewohnlich in den
feuchten Hohenwildern hért, sind weniger empfindlich gegen von Frequenz abhingige Un-
gleichheiten der Schalliibertragung als die Breitbandgesinge des Tieflandes, wenn sie in der
nicht passenden Hochlandumgebung gesungen wiirden. Ein moglicher kleiner Vorteil von
Breitbandgesingen gegeniiber Schmalbandgesingen spielt scheinbar keine Rolle in der Tief-
landumgebung von Santa Cruz, wo beide Typen zusammen vorkommen.

8. Mehrere Fille paralleler Entwicklung von Gesangstrukturen zusammenlebender Arten
der Darwinfinken kénnten durch Selektion verursacht worden sein, die #hnliche Stimm-
reaktionen in akustisch dhnlichen ,Gesangsnischen® begiinstigt.
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