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1. The Subtle Complexity of a Simple Research Questions
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What were the water-

- — = CTD profiles Key Attributes

Source

Integration Challenges

column conditions?

Structured water-column
observations Temperature,
salinity, depth, oxygen,
related variables

Depth-dependent
measurements; aligning
profile time with
biological samples.

Sampling date/time
Station or bay
Depth layer

® CTD profiles

2. Onagawa Bay as a Pilot Site @ 3. Core Framework Idea

Taxonomic abundance and High-dimensional sparse
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regional currents : : d ' signal the oL bay absolute abundance.
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Tsugaru NetCDF subset sampling sites.

4. Each Modality of the Heterogeneous Data Sources Required Specific Preprocessing Methods
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1. Read source =» 2. Standardize IDs » 3. Transform table =» 4. Derive context = 5. Write tables =

Raw TSV:

6. Used by

Cast-level statistics:

Surface thermal

context

recursive *.nc
Search in SST
Subset directory

time_utc
time_jst

Onagawa latitude / longitude
Store SST value

38-39°N, 141-142°E
mean, min, max, stdfile count

sst_daily_summary
typed time series

CTD CTD Onasawa.tsy label » sample_id Canonical column names Surface / bottom ctd_profile Anchor events
Water-column _-hag ' date - ctd_date CTD_ALIAS_MAP . ctd_profile_standardized CTD retrieval documents
. Depth-resolved ) : mean, min, max :

profiles . depth -» depth_m Numeric coercion : ctd_summary Environmental context

Rows retained depth range + point count
Metagenome Raw sequencing: Map run_1id — sample Rgshape: : QC aggregatlon. run_ge Sample registry

: Run ID + Summary : wide genus x sample matrices Upper taxonomic groups sample_qc :

Taxonomic ¥ « Parse bay / station l : label h Metagenome retrieval
evidence Kraken / MgtaEu Parse year_month — long records Consistency labels abundance + enriched Taxa analysis

Genus matrices - Add method labels Top-N taxa context serving context

Kuroshio SST NetCDF files: Parse timestamp Extract nearest grid cell to Daily bay-scale bounding box: sst_point_timeseries SST retrieval documents

Thermal context
Reliability checks

Integration

canonical anchors « modality-specific tables Keys preserved: sample_id -

date/time - bay/station - lat/lon -
provenance JSONL

Pipeline Hands-off: typed Parquet + serving
context = anchor events / links — retrieval
documents = PostgreSQL + pgvector

5. Pre-Analysis Memory
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CTD Monthly Trends Diversity Indices Taxa Co-occurrence

‘ Taxa-Environment Corr.

Structured metadata
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doc_id citation target 7. Hybrid Evidence Retrieval and Large Language Models 8. User-Facing Interfaces Prototype
source_type modality boundary
1. Query controls settines
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. EViIGdence assembnly
Top-K sources In summary:
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The system enforces source-grounded answering, but the
system still needs evaluations and whether injected context
Improves answers without over-conditioning them

measurements).
Inject pre-analysis context @
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6. LLM Answer
returns answer + sources
+ n_sources
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Inject reliability context @

Ask: "What was the temperature in Onagawa Bay in June 2024?"
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