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Figure 1: A) Pterygoplichthys gibbiceps B) and Macrotocinclus affinis.  Scale bars for A 
and B = 2 and 1 cm, respectively. 
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Figure 2: A) Oscillogram and B) spectrogram of P. gibbiceps stridulatory sounds.  The 
lower frequency Type A calls are produced through pectoral spine abduction, the higher 
frequency Type B calls through adduction.  C) Oscillogram and D) spectrogram of M. 
affinis stridulatory sounds.  Single “clicks” were produced through pectoral spine 
adduction. 
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Table 1: Mean and standard error for total length, dominant frequency, and pulse duration for the two studied species.   
P. gibbiceps pulses were divided into abduction (Type A) and adduction (Type B). 
 

84 (± 5)4522 (± 1263)9.88 (± 0.5)8.6 - 15 6P. gibbiceps Type B

193 (± 19)1019 (± 184)9.74 (± 0.4) 6.1 - 157P. gibbiceps Type A

13 (± 3)4049 (± 557)3.75 (± 0.07)3.5 - 4.110O. affinis

Pulse Duration (ms)Dominant Frequency (Hz)Mean Total Length (cm)Length Range (cm)NSpecies

84 (± 5)4522 (± 1263)9.88 (± 0.5)8.6 - 15 6P. gibbiceps Type B

193 (± 19)1019 (± 184)9.74 (± 0.4) 6.1 - 157P. gibbiceps Type A

13 (± 3)4049 (± 557)3.75 (± 0.07)3.5 - 4.110O. affinis

Pulse Duration (ms)Dominant Frequency (Hz)Mean Total Length (cm)Length Range (cm)NSpecies
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Figure 3: A) Light and B) scanning electron micrographs of the ventral view of the right 
cleithrum of a P. gibbiceps.  While A) shows the pectoral sine in place in the cleithrum, 
the spine has been removed in B) to expose the dorsal fossa of the cleithrum. D = dorsal, 
L = lateral. 
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Figure 4: Scanning electron micrographs of a left pectoral spine of P. gibbiceps (TL = 
11.9 cm, mass = 12.5 g).  A) Dorsal view of complete spine.  B) Base of pectoral spine 
and its processes: ventral (V), anterior (A), and the dorsal process (D) of P. gibbiceps, 
showing ridges.  C) Dorsolateral surface of the dorsal process of M. affinis (TL = 4.1 cm, 
mass = 0.68 g).  Scale bars = A) 3 mm B) 2 mm C) 0.5 mm.



18 

 
 
Figure 5: Sample light microscopy images of the proximal end of gold-palladium-coated 
left pectoral spines of A) P. gibbiceps and B) M. affinis.  Images were produced by 
merging multiple, in-focus Z-stack photographs and were used to measure three 
dimensional inter-ridge distances.  Hash marks represent the distance from one ridge to 
another.  Scale bars = A) 0.5 mm B) 0.2 mm. 



19 

 
Figure 6: Pectoral spine inter-ridge distance as a function of species and size.  Box plots 
of inter-ridge distances for individual fish (the smallest and largest representative for M. 
affinis and P. gibbiceps).  Box plots display the median, 25th and 75th percentiles (box), 
and the 10th and 90th percentiles (whiskers). 
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Figure 7: Relationship in P. gibbiceps between inter-ridge distance and total length.  A 
significant linear regression relationship is exhibited (Distance = 18.5 (TL) + 3.4;      R2 = 
0.93, P < 0.0001). 
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Figure 8: Relationship in P. gibbiceps between dominant frequency and A) total length and B) pectoral spine inter-ridge distance.  The 
trend lines represent power functions with the following equations:  A) y = -65.52x + 17,368, R2 = 0.84; B) y = -3.128x + 1706.8,     
R2 = 0.78. 
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Discussion: 

 Both M. affinis and P. gibbiceps are capable of producing broadband sounds as 

have been found in other families of catfishes including Pimelodidae, Mochikidae, 

Doradidae (Fine et al., 1997) and Callichthyidae (Pruzsinszky and Ladich, 1998).  As in 

other catfish, such as the channel catfish Ictalurus puctatus (Fine et al., 1995), sounds 

were produced exclusively through pectoral spine stridulation, especially when disturbed 

or distressed.  This is similar to sound production in the armored catfish Corydoras 

paleatus (Pruzsinszky and Ladich, 1998) and the Mochokids (Paramentier et al., 2010).  

The findings in the current study are in agreement with the modified and compiled 

topology presented in Kaatz et al. (2010).  In the Kaatz topology, the family Loricariidae 

was represented by eight species (Ancistrus sp., Hypostomus sp., Otocinclus sp., Panaque 

maccus, Peckolita pulcher, Planiloricaria cryptodon, Rhineloricaria sp., and Sturisoma 

aureum) and were observed to be vocal (i.e., sound-producing) when handled, as were P. 

gibbiceps and M. affinis in the current study.  The families Loricariidae and 

Callichthyidae are the only families in the suborder Loricarioidei that are known to be 

vocal.  The other families (Nematogenyiidae, Trichomycteridae, Scoloplacidae, and 

Astroblepidae) are silent.  That is, no disturbance sounds have been recorded or observed 

when they are handled (Kaatz et al. 2010). 

 In the current study, the pulse patterns differ between the two species.  P. 

gibbiceps generally produced sounds by alternating between abduction and adduction, 

while M. affinis produced sounds only through adduction.  This adduction only pattern of 

M. affinis is opposite of that seen in Pimelodidae (Ladich 1997), the callichthyid catfish 

Corydoras paleatus (Pruzsinszky and Ladich, 1998), Bunocephalus species (Gainer, 
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1967) and many ictalurid catfishes (Fine et al., 1995; Fine et al., 1997).  As is common in 

catfish from the families Pimelodidae, Dorididae (Ladich, 1997) and Mochokidae 

(Ladich, 1997; Paramentier et al., 2010), P. gibbiceps produced sounds through 

abduction-adduction pairs.  However, unlike Pimelodidae, M. affinis and P. gibbiceps did 

not produce sounds through both pectoral spine stridulation and swim bladder 

compression (Ladich, 1997).  It is not surprising that loricariids do not produce sounds 

with their swim bladders since their swim bladders are greatly reduced and encased in a 

bony capsule close to the ears. 

 Similar to other studies, the dominant frequency of sounds produced tended to 

decrease with increasing fish size, both within P. gibbiceps and between M. affinis and P. 

gibbiceps, which vary considerably in size.  Paramentier et al. (2006) noted that the size 

of two species of pearlfish (Carapidae) was negatively related with frequency.  Similar 

relationships have also been noted in auchenipterids, doradids (Kaatz, 1995), damselfish 

(Myrberg et al., 1993), and weakfish (Connaughton et al., 2000).  The frequency range 

for P. gibbiceps Type A pulses is similar to that of catfish from the superfamily Ariodei, 

which exhibit the most energy in stridulatory sounds between 1,000 and 4,000 Hz (Kaatz, 

1999), while P. gibbiceps Type B pulses and M. affinis clicks fell slightly above the 

4,000 Hz mark.    

As noted by Fine et al. (1999) and also seen in the current study, as fish grow in 

total size, their pectoral spine inter-ridge distances also increase.  The relationship 

between inter-ridge distances on pectoral spines and sound production in catfishes had 

not been previously examined.  This relationship would likely be stronger if not for the 

natural variance in sound production by individual fish of the same species.  High levels 
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of variance in frequency of sound production have also been reported in mochokid catfish 

(Paramentier et al., 2010) and in Ictalurus punctatus (Fine et al., 1997).  The variability in 

dominant frequency in sounds produced by P. gibbiceps may be due in part to the 

variability in call duration within individuals.  Fine et al. (1999) noted that some variation 

is likely due to modulation of speed, spine ridge depression, call patterning, and number 

of fin sweeps.     

 During observation of the fish in laboratory aquaria, no spontaneous sounds were 

recorded from single P. gibbiceps.  In laboratory aquaria with gravel, plants, and large 

rocks to hide under, groups of M. affinis did produce sounds spontaneously in addition to 

sounds produced as a stress invoked response (personal observation).  It is not known yet 

if the sounds elicited by distress differ significantly from spontaneously emitted sounds in 

these two species.   
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CHAPTER 3 

 

Summary and Future Directions: 

 In summary, the two loricariid catfishes, P. gibbiceps and M. affinis, produce 

sounds through pectoral spine stridulation, similarly to other catfish species.  These 

sounds are produced when the ridges on the dorsolateral surface of the dorsal process of 

the base of the pectoral spine are rubbed against the pectoral girdle.  P. gibbiceps sounds 

were produced through alternating abduction and adduction of the pectoral spine and 

were longer in duration and lower in frequency than sounds from M. affinis which were 

produced only through adduction.  As pectoral spine inter-ridge distance and total length 

increased, dominant frequency decreased.        

Just as humans exhibit handedness, some catfish, such as the channel catfish may 

show a preference for either their left or their right pectoral spine when being used for 

sound production.  Although sounds can be produced from either side, an individual may 

choose to primarily use one over the other (Fine et al., 1999).  The two species in the 

current study have not yet been examined for a preference as all fish were restrained by 

the left pectoral spine.  If these two species do have a preference, it would be interesting 

if there are any differences in wear patterns on the ridges of the dorsal process of the 

pectoral spine on the left and right spines. 

 As of yet, it is not known if there is a significant difference between sounds 

produced by distress or spontaneously emitted sounds, or between sounds recorded in the 

wild versus those in captivity in either of these two species.  The functional significance 

of their sounds in the wild is also largely unknown although some biologists have 
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questioned if the sounds served any purpose at all, as mentioned by Fine and Ladich 

(2003).  Kaatz (1999) suggested that stridulation evolved as a means of defense against 

predators and notes that this method of sound production is more often used in 

disturbance calls.  For example, doradids (Platydoras castatus) and pimelodines 

(Pimelodus blochii) (Ladich, 1997) produce sounds through stridulation rather than 

through drumming when held in air, although they can produce both types of sounds.  

There is some evidence for the purpose of catfish sound production.  Although the sea 

catfish (Arius felis) produces sounds using its swim bladder, it uses those sounds for 

detecting objects (echolocation) and for directionality (Tavolga, 1977, 1981).  Recently, 

it has been shown that M. affinis is able to localize conspecific clicks very well (Patrick 

Stewart, unpublished data).  It is plausible that sound production assists them in 

localizing each other since they exhibit schooling behavior in unclear water.   

Future experiments examining the behavioral context of loricariid sounds are 

needed to see if specific acoustical characteristics are associated with specific behaviors 

(courtship, aggression, alarm calls, etc.) and to compare the acoustical characteristics of 

sounds recorded in the wild to those elicited by distress in captivity.  Little is known 

about the effects of the swim bladder on sound production via pectoral spine stridulation.  

Experiments in which the swim bladders of channel catfish (Ictalurus punctatus) were 

deflated and stridulation sounds were recorded were inconclusive as only two fish 

vocalized after swim bladder deflation (Fine et al., 1997).  Additional experiments are 

needed in which sounds are recorded before and after swim bladder puncture to see if the 

swim bladder can modify the frequency or amplitude of the sounds produced by catfish 

stridulation.    
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