
Using data from the Romberg Tiburon Center, we are studying the behavior of the plainfin midshipman (Porichthys notatus, alias the 

toadfish) in San Francisco Bay.  Underwater sound in the range 10-1000 Hz is recorded continuously from the RTC sampling pier.  The 

midshipman makes a loud humming sound as part of its mating activity, from June to November, mainly during evening hours.

The underwater acoustic environment was very quiet before motorized shipping invaded the Bay.  Today the propeller and engine noise from 

ships presents a threat to species like the midshipman which depend on communicating with sound for their survival.  Our preliminary data 

indicate that midshipman humming is mainly restricted to those hours when ship traffic is at a minimum, suggesting that midshipman mating 

behavior is being altered in response to masking by ship noise. We hope to set up a monitoring station in another estuary, with a resident 

midshipman population but less ship traffic.  Elkhorn Slough may be an ideal place for a second monitoring station.
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Toadfish calling attracts female toadfish . . . And leopard sharks!

The male midshipman produces a continuous hum from its nest during mating season.

 

 

 

Photo by Margaret A. Marchaterra, Cornell University

Photo by Margaret A. Marchaterra, Cornell University

RTC from the air, before the 

sampling pier was built, but 

showing the pilings from the old 

Navy coaling station.

Looking out the monitoring pier, 

mounted on pilings from the old 

Navy pier.  It ends at 13 m (40 feet) 

depth.

Transducer from Aquarian Audio. The transducer is mounted in a 

housing intended to rest on the 

bottom.

And deploys from the end of the 

pier, on the bottom, near the CTD 

monitoring station.

FISH AND SHIPS

The humming of the Plainfin Midshipman attracted media attention in 1984 when Sausalito house-boat residents were kept awake nights by a sound reminiscent of a motorcycle, 

coming through the hull.  The sound was eventually identified by John McCosker of the California Academy of Sciences as Porichthys notatus, the Plainfin Midshipman, aka The 

Toadfish.  This humming, by the male midshipman, plays a key part in reproduction.  Midshipmen migrate into San Francisco Bay in early summer, and the male finds a nest and 

looks for mates.  The loud humming attracts females to the nest, where they deposit their eggs, to be fertilized by the male, who cares for the young fish when they hatch.  Much of 

this behavior has been documented by Andrew Bass and Margaret Marchaterre at Cornell University.

This use of acoustic communication as an essential part of reproduction makes the midshipman potentially vulnerable to disturbance from background sound masking the humming.  

Ship noise, from passenger ferries, recreational vessels, freighters and tankers, is a major component of underwater sound in San Francisco Bay.  We are documenting underwater 

sounds, of biological and anthropogenic sources, from a listening post deployed off the Romberg Tiburon Center research pier.  We find that midshipman humming tends to happen at 

times of the day with the least noise from ships.  Further research is required to determine whether this correlation is accidental or causal.

SHIP NOISE

The frequency of the midshipman hum correlates 

in a remarkable way with the water temperature.

Frequency spectrum corresponding to the spectrogram shown to the left.  

A quantitative metric of midshipman humming intensity is obtained by 

fitting the colored band of the frequency spectrum to a Gaussian shape. 

Here the humming power is shown day by day throughout the 2009 mating 

season.  The overall rise and fall may simply represent the arrival, 

residence, and departure of the midshipman population.  The peak in 

October seems to correlate with an unusual rainstorm in mid October.

Diel distribution of humming power.  There is no time of day completely free from 

midshipman calling.  However, the correlation with calling and night-time hours is 

striking.  Noise from ferries and recreational boats tends to start near 6:00 AM and decline 

in the late evening.  It is tempting to see in this distribution a pattern of calling avoiding 

periods of high noise.  The best test of this hypothesis would be to carry out the same 

measurement in an estuary with minimal ship traffic.

Spectrogram showing midshipman calling (horizontal lines) and a ship 

passing (broad distribution near 230 seconds).  The 900-second recording 

started at 2:47:35 UT = 18:47:35 PST.  The ship noise is seen to overlap the 

entire midshipman calling spectrum, and is specially intense near the first two 

harmonics.  Our ongoing analysis of these sounds is aimed at demonstrating 

the presence or absence of a reaction to ship sounds by calling midshipmen.

time (seconds)
time (seconds)

THE MIDSHIPMAN AS THERMOMETER

All data from 2009 show the correlation between 

frequency and temperature.

Diel distribution of power from ship sounds (preliminary results).  At the time of this 

presentation the algorithm for separating ship sounds from other noise is not perfected.  

However, the relatively quiet nighttime period seen above corresponds rather well with 

the times of intense midshipman calling seen in the figure to the right.  Whether there 

is a causal relationship remains to be determined.

Spectrogram of continuous humming.  This spectrogram covers 15 minutes, 

starting at 3:37:12 PDT, July 12, 2009.   The series of equally spaced lines at 

multiples of 100 Hz indicate a complex waveform, repeated 100 times per 

second.


