BioVITA: Biological Dataset, Model, and Benchmark
for Visual-Textual-Acoustic Alignment

Supplementary Material

In this supplementary material, we provide

A. implementation details of baseline models and prompts,

B. details on the process of collecting the image dataset,

C. detailed analyses including additional comparisons, vi-
sualizations, and training data size, and

D. more dataset details, including visualizations of exam-
ples and distributions.

A. Implementation Details

A.1. Model Details

e CLIP [4]: CLIP is a large-scale image-text contrastive
model trained on diverse web data. It projects images and
texts into a shared embedding space using a ViT-based
image encoder and a Transformer-based text encoder. As
a unimodal-pair model, it supports only image—text align-
ment but provides a strong vision-language baseline for
cross-modal retrieval tasks.

e CLAP [8]: CLAP extends the CLIP framework to
audio-text modalities by introducing an audio encoder
trained jointly with a text encoder. It enables zero-shot
recognition and retrieval across audio and text domains.
Since CLAP does not model images, it serves as the
primary baseline for evaluating audio-text alignment in
biological settings.

e ImageBind [!]: ImageBind is a unified multi-modal
model that binds six different modalities, including
audio, image, and text, into a single representation
space. It leverages image embeddings as the central
hub, learning cross-modal correspondences through
large-scale contrastive training. As a tri-modal model,
ImageBind provides a comprehensive reference point for
evaluating unified audio—image—text alignment.

e BioCLIP 2 [2]: BioCLIP 2 is a biology-specialized
vision-language model based on ViT-L/14 for images
and a 12-layer Transformer for text. Trained on large-
scale curated biological datasets, it achieves strong fine-
grained species-level discrimination. In our evaluation,
BioCLIP 2 serves both as a strong image-text baseline and
as the vision-language foundation for our BioVITA model.

A.2. Prompt Details

To incorporate taxonomy information into audio-text em-
beddings, we train the CLAP model with prompts aug-
mented by 1) Common name (Com), 2) Scientific name
(Sci), and 3) Taxonomic sequence (Tax) following the Bio-
CLIP 2 setting. The augmentation function ¢ randomly

Template Example (‘Anianiau)

Common Name (Com) ‘Anianiau

Scientific Name (Sci) Magumma Parva

Taxonomic Sequence (Tax)  Aves Passeriformes, Fringillidae Magumma, Magumma Parva
Sci + Com Magumma Parva with a common name ‘Anianiau

Aves Passeriformes, Fringillidae Magumma, Magumma Parva,

Tax + Com . o
with a common name ‘Anianiau

Table 9. Examples of textual descriptions following the five tem-
plates used in training.

selects one of the five prompts (Com, Sci, Tax, Sci+Com,
and Tax+Com) defined in Table 9. For instance, given the
common species’ name (e.g., ‘Anianiau), the augmented
prompts include the scientific name (e.g., Magumma parva)
and its taxonomic order (e.g., Aves Passeriforme).

A.3. Model Parameter Sizes

Our tri-modal model BioVITA consists of three encoders: a
BioCLIP2 image tower, a BioCLIP2 text tower, and a CLAP
audio encoder, together with a linear audio-to-vision/text
projection layer. We report the exact parameter counts ob-
tained from the instantiated PyTorch model.

* BioCLIP2 image encoder (visual tower): 303.97M pa-
rameters. All weights are frozen during training.

* BioCLIP2 text encoder: 123.65M parameters. We freeze
the entire transformer stack; only 0.65M parameters re-
main trainable.

* CLAP audio encoder: 153.49M parameters. All parame-
ters are trainable.

* Audio projection layer: A linear adapter with 0.39M pa-
rameters.

In total, the model contains 581.5 M parameters , of
which 154.5M parameters are trainable.

We trained our model on 8 x V100 GPUs (32 GB each).
Because the dataset is stored on a separate storage server,
the data transfer overhead increases the overall training
time. Stage 1 training required approximately two days,
while Stage 2 took about one day.

B. Test Dataset Creation
B.1. Audio

After collecting the audio data for 14K species, we split it
into training and test sets with a 9:1 ratio, holding out 325
species that remain completely unseen during training. This
results in approximately 1.3M training samples and 44K test
samples. For efficient evaluation, we limit the number of
audio clips per species to around ten.



For benchmarking, we construct 100-option multiple-
choice questions, yielding roughly 30K species-level ques-
tions, 10K genus-level questions, and 1.7K family-level
questions for each task type. The dataset covers a total of
9,725 species.

B.2. Image

To ensure fairness in building our model, we carefully cu-
rate the training and test data for the image modality while
preventing any leakage.

For training, we collect images from ToL-200M for all
species that appear in the audio training set. This results in
12,916 species, covering 91.4% of the species in the audio
training split.

For testing, we collect images from iNaturalist using the
iNaturalist API by querying species names that appear in the
audio test set. Since ToL-200M provides the original image
source URLs, we can extract the corresponding iNatural-
ist observation IDs directly from these URLs. During test
image collection, we exclude all images whose observation
IDs match those extracted from ToL-200M, ensuring that
no images overlap between the training and test splits. We
also apply GroundingDINO [3] to filter images: if no ani-
mal is detected when using “animal” as the text prompt, we
exclude the corresponding image. We additionally verify
within each species that the retrieved test images are dis-
tinct from the training set. Finally, we obtain a clean set of
128,645 images from 9,487 species that do not overlap with
the ToL-200M dataset.

C. Further Analysis
C.1. Model Comparison

In the main paper, we did not include a comparison with Bi-
oLingual [5] because its training split may contain samples
from our test set. To avoid this potential data leakage, we
construct a new test subset that contains only the 2024 split,
which is not included in the BioLingual training data. This
test set consists of 2,710 species and 4,483 recordings.

In this setting, we evaluate classification performance by
averaging over classes. Table 10 shows the retrieval results
using species-, family-, and genus-level prompts, meaning
that the input prompt specifies the species name, family
name, or genus name of the target class.

The results indicate that, for species-level classification,
BioVITA achieves better accuracies compared with BioLin-
gual. For family- and genus-level prompts, BioVITA clearly
outperforms BioLingual. This suggests that BioVITA bene-
fits from the taxonomy-aware prompting strategy inherited
from BioCLIP, enabling the model to generalize more ef-
fectively beyond the species level.

C.2. Evaluation on Other Datasets

Table 11 presents a direct comparison with TaxaBind on
species retrieval evaluated by top-5 accuracy. The gray text
indicates an in-dataset evaluation. Our model consistently
outperforms TaxaBind, demonstrating that the larger dataset
and VITA training strategy improve retrieval accuracy.

Table 12 shows results for top-1 accuracy for zero-shot
species-level retrieval averaged over both retrieval direc-
tions on CUB-200 [7], BioCLIP-Rare [6], iSoundNat. Our
model demonstrates generality.

C.3.t-SNE

We visualize the t-SNE embeddings from the audio encoder
in Fig. 10, clustered by the top six categories in each taxon-
omy level (species, family, and order). The results show
that in Stage 1 (text—audio training), the model learns well-
aligned audio—text representations. Moreover, with careful
tri-modal learning, Stage 2 successfully preserves the inher-
ent structure of the audio clusters.

C.4. Training Data Size

We investigate how the size of the training set affects our
model’s performance. In Table 13, we present results for
two reduced dataset settings, one-fourth and one-half of the
original training size. If downsampling would remove a
species entirely, we retain at least one sample to avoid col-
lapsing the taxonomy structure. We maintain consistency in
the training protocol.

These results demonstrate that the size of the training au-
dio dataset has a substantial impact on model performance.
Our BioVITA model benefits greatly from the large-scale
dataset and learns robust audio representations from exten-
sive training data.

D. Dataset Details

D.1. Annotation Example

We present annotation examples for Tokay Gecko and
Schlegel’s Green Tree Frog in Fig. 11. For each animal
species, we collect images, audio recordings, taxonomic in-
formation, and trait annotations.

D.2. Dataset Distribution

We illustrate the genus-level distribution of our dataset in
Fig. 12 through Fig. 15. The blue bars represent the training
set, while the orange bars represent the test set.



Table 10. Classification results of BioLingual and BioVITA. Since BioLingual may include part of our test data in its training split, we
construct a new 2024 audio test set and evaluate the classification performance on it.

Species Genus Family Average
Model Audio—Text Text—Audio Audio—Text Text—Audio Audio—Text Text—Audio Audio—Text Text— Audio
Topl TopS5 Topl Top5 Topl TopS Topl Top5 Topl TopS Topl Top5 Topl TopS Topl TopS
BioLingual [5] 24.0 459 265 503 232 428 51.7 682 54 159 202 389 175 349 328 525
BioVITA 244 492 277 56.6 325 514 580 747 174 429 523 773 248 479 46.0 69.5

Table 11. BioVITA vs. TaxaBind. Table 12. Evaluation on other image and audio benchmarks.

BioVITA TaxaBench-8k Model CUB-200 BioCLIP-Rare iSoundNat
Model AT A<l 1T Avg. AT A&l 1T Avg. Taxabind 750 31 6.2
Xanin . . .
Taxabind 30.5 38.6 83.5 509 229 309 478 33.9 axa
Ours 803 815 968 892 57.0 364 772 569 Ours 91.1 82.9 44.4

Table 13. Training dataset size variation. The amount of training data significantly affects model performance. These results correspond to
Stage 1. “Sci” and “Com” denote the prompt types used during inference: scientific name and common name, respectively.

Model Audio—Text Text—Audio Audio—Image Image—Audio Image—Text Text—Image Average
Topl TopS Topl TopS Topl TopS Topl TopS5 Topl Top5 Topl Top5S Topl TopS5
_ 25% 48.0 68.1 67.5 859 396 659 41.1 714 454 595 809 932 538 740
@ 50% 536 734 752 90.5 437 700 445 745 454 595 8.1 935 572 769
BioVITA (Full) 60.3 80.0 79.3 939 478 728 48,6 7838 65.1 80.5 848 953 643 836
25% 50.0 72.1 658 867 396 659 41.1 714 651 804 845 951 577 786
2 50% 557 763 730 906 437 700 445 745 651 805 846 952 61.1 812

BioVITA (Full) 60.4 80.0 793 939 480 728 48.8 789 652 805 847 950 644 835
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Figure 10. t-SNE visualization. Our model successfully learns all three modalities in Stage 2 without collapsing the audio feature embed-
ding space.



Tokay Gecko

Al“ldio--. .

Traits Annotation

Taxonomy

Schlegel's Green Tree Frog

P
ToaS

Class: Reptilia
Order: Squamata
Family: Gekkonidae
Genus: Gekko

Common name: Tokay Gecko
Scientific name: Gekko gecko Image

Traits Annotation

Taxonomy

Common name: Schlegel's Green Tree Frog
Scientific name: Zhangixalus schlegelii
Class: Amphibia

Order: Anura

Family: Rhacophoridae

Genus: Zhangixalus

Migratory: No

Forest: Yes
Urban: Yes
Mountain: No
Grassland: No
Wetland: No
Desert: No

Predator: Yes

Locomotion posture: Quadrupedal
Activity pattern: Nocturnal

Habitat Preferences

Diet type: Carnivorous

Social behavior: Solitary

Locomotion Types
Arboreal: Yes
Terrestrial: Yes
Aquatic: No
Fossorial: No
Aerial: No
Climatic Distribution
Tropical: Yes
Subtropical: Yes
Temperate: No
Boreal: No

Polar: No

Locomotion posture: Quadrupedal
Activity pattern: Nocturnal
Migratory: No

Habitat Preferences
Forest: Yes

Urban: No

Mountain: No

Grassland: No

Wetland: Yes

Desert: No

Diet type: Carnivorous
Predator: Yes

Social behavior: Pairing

Locomotion Types
Arboreal: Yes
Terrestrial: Yes
Aquatic: Yes
Fossorial: Yes
Aerial: No
Climatic Distribution
Tropical: No
Subtropical: Yes
Temperate: Yes
Boreal: No

Polar: No

Figure 11. Dataset Example.




elo2051)
snukxeuy
uoBodolisd
ey
eapiy
sidAiuore
equinjod
sninues
sojeuyBay
ewolsoxoL
eyadoydans

e
SmoUOUAd
sdossebam
eIy10IAH
sndojuod

snbinwuded
snoid
sauewiokyL

snupeIAn
snjedsind
snwossonuy
snueq
snap|
Qe

seuy.
snuedyag

snjiey
s1delon
so1eqokig

xeuopidw3
snums
sadiaueian
sododaspuaq

ol
oaing
sninbay

snudojoseg

soreq0

snaolpoyL
ezuaqui3
xS
Siieuipsed

savpoiboiL
snied
suepnasy
ebeydoias
snni03
sndossoliAud
snpany

snjjaamdAin
saysapeAl
eoydng
sndojuewyy
snikeposauInalg
snyiuess0
snuiying

emim
aukiydonsen

xquinio)

Shuweudpna
snwolopIo
elpAquiog
onkupiod
sndojeuiaery
snipadoBnad
snnis
uoBosL
sayseukpoutu)

snieyds2031014D
eleudauyred
sddinasg
Joyees

eueun
smdeqAuder

s

eisayied
enakox
sndojeikos

S915Ne130930)
spkuuD

xeihudorad
snnoia
einuuAd
oL
ededpsni

01035
sy
sniue
o)

A1
uadianosN
SnuueIAL
oisy

£ 25000

0

2000 -

Jun0y

eujquinioy

enepn
enowda
snjeydadouooan

snjexibueyz
euILIoUWAD
enalba
snyduiespor.

seikwouwioL
sm3selien
op2eq
sndojAbuons
msenin
elniaowAN
s1dodoipuaq
SuBoid
snddiuoun

snusuALOYdIX.
sa1aUI0pLOY
snuedynjesy

eaydoiaueyg
jod

snudAIGoX]

snassejeyL.
siuiogpuy
epuslen
eljpiassed
sa|pIOLD
eped)

snuewue
snyauAuIolAdwed

s23Rd1sdAH
snbuewd
Siuoiod
Sikimde0om
ewodojaydy
snbnedrt
snydAsdod
ewsei
eynoin

eapiouey
sjuijoidwe

x£20305A1u3
eyesdajddog
ouiAudiod

ebeydoloiy
SnIGIRAN
snuwnolg
ewosoidwes

emeds
se|

sn)
snj

esaydosewe)
sauauisy
snjle
sarseuApoIAl
SnI0goIAN

eydixonyd
ebes
eanjouen
snoped

emsdoikiy
eapewalsold

snaseakield
ekiensalay
eabeyD)

snuiod
snjeAN
eanuap
enpoipuag
s9poydosq

Snsso[BouILL
eusodez
eunpl
eubkdoipusg

o3,
eunApeL
suabooig
snbeydna
esoydopioydng
esown

1000 -

Jun0y

snueduny
SIwAUI0dAK
snuoydojap

ewsdnAuy

uosdodeley
21pueled

sopuidies

wnnusdeI
siuo)ds

spouep
sopediey
snuaedoyduwey
eujesdoduaH
snaeydosna)
snpedospuy
snydanseliAud
enjwoueAd
esonmel
dajoiyuy
ssaL
snijosadAH
eupeIo)
snuBwwIZ

sayde|osopidat
eanuuky
SnuogoWIAN
snadpoydol
eiseydosaiay
snuewny
uadianee
Sjwaud0dAH

sakydordar
sndouind

snseAudI
ekiphy
shipukiesan
o

eydAiosoueian
snpuiy
wnnsonpoL
by
sddiiy
xeusydoiaid
eueuary

J0jewep
ad

Le)
snuoydo

o\
©2Ajouekd
eyzewy

ebeydodios
anyng
roLee1
suoidy
epupoIpuag
spdiewAuer
eseuow
ezidsowwy
ydonauidy

snydweysoiAdwes
saydaipuy.

abejer
snigowaung

so1e20ydo|
5nss0[60121d

snuigioydkd
Siwouds
eqeiel
ejeydaong
euey

saj0ing
ebeydodouo)

epxojouekd
oned
ezdsiyduwy
snuez
esspoin
eunwiz
uosaiL
ewonag
591298004
sniaidodiusouy
Swoduas
sayde(or0ipuaq
SerAWO|IAud
einsAyded
eanyouol
eiBAdonen
saysenaL
ejodisnaweg
92k
einqisdng
snijespIed
sewolg
snunisel
snbuidsoiolud
esauIoUpEY
snupuLATeld
esadey
snauoydoiol
edidoueds
xinesing
snjeydasouod

sdouowaiy
saposg

sisdoio
xhizydoddes
sopiesdojRH

epydowny
ebAdaoug

500 -

uno)

500

uno)

smeba

smdaupien
eisaL

sniuejoa.y
sapapeduyy
sninoiung
snxjoydoly

sndodsoiqy
snpaoiniy’
sndodeds
uobodoyda
snbiaw
xesos0neleud
XelAudolAH

xAuonua)
si20euY
eudipApar
uBoidouokig

eanuayiseyde
sa1sia1
shiydosaps
smaezids

snyieuBoUdAUO
sauewiouweyl
uojeydadoied
sapiojjazids
eppwozn
ewoso1shd
SnypUALIGIdATe).

eudidojesa
epuposeIeH
uad

sajebualiAUd

250 1

unos

unoy

sniardosoeuden

sniApepoulas
sl

eino
010N
Jawhal
SniuBoafaL
exesdiyduy
sndosaid
SnbuIdsOIIN
snipodebap
sadel00udix

snydojoury
enos
sosza03eauY

exdnoein
elowsen
snuioysAing
elfpuIsian
snureuBosIuY
saio0ayds
snydwesopui

auonewy
snweny
xupopidal

SnyRUAUIOYIUEDY
eyjesdouned

uonaidAlog
enpin
snbiepog
enpuadAUUD

sisdobuejag
eyodsny
snuoydAupe
ene;
snnstiayL
sipebald
ais0101u)
snnang
@y
siwoueq)
suapAuoiser
sapolliD
xueinpoi
snojidosan
eaupooz

snigk
eloaply
Siwoniws
SnwielqAD
snydojolyoeiy
59104103]ud
eapiualRs
ekl
epnsouober
sidwarsdes
shuyydouwis
essaleAH

eloUIPOLY
auaLesi
ejndeln
epiny
snupseLioN
snyeneqoidon

erpiedoteray
euabipUY.
sidnelnwaH
snimdolAduiey
sa1deio30shid
ondes
ewba|ydoshiud
xeupuny.
wnizdouuen
snydojo3
Sixeiad
S3[aU1063Y.
oo

s

sweq
esauIowA

esaidouan
sa1s31014)
epodossaig
xejkydousidin

snbuayd/ieg
snjnouoT

ong

xaidospuag
soddospuag
ezidsoisiway
smpoL
auAiydopnasg
esewe|
snddyyuioyo0pnasy

Jassedadold
enip1sks
xA27000213)
sidnesoi0
epesand.
x£3703089

sidourhion
sndebespusg
sayepadiod
sdonpkos
SuEIAUUUAY
eunen
exesdewaL
soiaong
ewepan

200 4

unoy

100 -

unoy

109350
eeineyl.
epoudoron

eanjjerdm
snonsejaby
g

eu

snigowauosag
ernjesdojdess
snyoukioydAio
sdeydodjeyd
a1k
snibAiug
50122620

sninqueuny
xen)
opijay20644

sapaureUy.
s

eJbeusaquiy
epuiouue|
211505097

n
snjeydasoikd
snuiydenna
SnuAiydioAN
epaig
snoiduling

Figure 12. Genus distribution. The blue bars represent the training set, while the orange bars represent the test set.
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Figure 13. Genus distribution. The blue bars represent the training set, while the orange bars represent the test set.
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Figure 14. Genus distribution. The blue bars represent the training set, while the orange bars represent the test set.
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Figure 15. Genus distribution. The blue bars represent the training set, while the orange bars represent the test set.
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