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We join the rhythm embedding (r) and the spectral embedding (s) and pass them through a
small neural network that fuses them into one 64-dimensional representation (z). The model
learns by pulling together codas that should be similar and pushing apart those that shouldn’t
(contrastive learning). We can also add optional extra training signals, a coda-type loss on the
rhythm branch and an identity loss on the spectral branch.
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INTRODUCTION
Sperm whales (Physeter macrocephalus) live in stable,
matrilineal family units that belong to vocal clans, each clan
sharing a distinct vocal dialect [1], [2]. That dialect is built from
codas: short, stereotyped sequences of clicks that whales
exchange during social contact.

The rhythm channel, the pattern of inter-click intervals (ICIs),
contributes to coda type: a category defined by click count and
timing [2], [4]. The spectral channel, the frequency content
within each click, includes vowel-like patterns that vary
between individuals. [5], [6]. In this paper, we propose the
Dual-Channel Contrastive Encoder (DCCE), which explicitly
encodes rhythm and spectral information with separate
encoders before fusing them.

METHODOLOGY

RESULTS

DCCE U+T+I gives 0.907/0.735/0.581: adding ID loss
does not improve mean fused-ID performance in
this configuration.

Raw ICI attains 0.987 ± 0.009 random type macro-
F1; ICI plus temporal mel attains 0.724 ± 0.039 ID
macro-F1.

Macro-F1, mean ± SD over three runs. "+ ICI" adds
annotated click timing. DCCE variants: unit pairing
(U), type loss (T), ID loss (I). FT = fine-tuned AVES. All
representations are frozen before the classifier is
trained. Grouped ID covers different classes than
random splits.

CONCLUSION

LIMITATIONS

Our guiding question: Does encoding rhythm and spectral
texture as separate channels improve what a model learns

from sperm whale codas?

DATA & EVALUATION
We split the data at random three times (seeds 0–2) into about 64% training, 16% validation,
and 20% test, keeping individual whales balanced across the splits where possible. We
compared our model against three existing models, WhAM, AVES, and BirdNET. Every model
was evaluated the same way, with a simple classifier (balanced logistic regression) predicting
social unit, coda type, or individual whale.

Separating rhythm and spectral channels helps in task-dependent ways, not across the board. Raw ICI is
best for coda type (0.987), and ICI + temporal mel is best for identity (0.724). DCCE is competitive on unit
(0.901) and type (0.865), but a simple concatenation baseline matched or beat learned fusion on identity.
ID loss helps the spectral branch but not the fused model (0.60 → 0.58). Scores also drop on unseen
recording dates and years, so models should be evaluated across recording groups.
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FUTURE WORK

Mean macro-F1, three runs. Scores drop on unseen
recording dates. Grouped ID covers different classes,

so gaps aren't a pure recording-context penalty.

ID loss helps the spectral branch (0.37
→ 0.44) but lowers fused ID (0.60 →
0.58) and fused type (0.87 → 0.74).

Units were recorded unevenly across years
(Cramér's V = 0.438).

Held-out years: unit macro-F1 0.35–0.77, below frozen
AVES in every year.

We will test other whale populations and uncurated recordings. We will also
tune the strength of the identity loss.

Our data come from one Dominica population and have no vowel annotations.
Identification is closed-set, with 11 whales. Results average only three runs.
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