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1. Global diazotrophs dataset is updated (Figure 1), more

than doubling the size of observations compared to Luo et al

(2012) dataset.

4. Random forest (RF) is applied to estimate depth-

integrated abundances of four major diazotrophs using

compiled environmental factors (Figure 5).

Construct 100 additional datasets using a bootstrap method.

Models are built with randomly selected training data

(70% of each dataset) and evaluated using the test data

(30% of each dataset). The model ensemble mean is presented.

Figure 3. Controls on diazotroph abundances by multiple environmental properties.

2. Correlation analysis (Figure 2 and Figure 3).

The volumetric abundances of diazotrophs are compared with

field-measured environmental variables hypothesized to

regulate diazotrophy, such as depth, temperature and nutrients.

• Due to the limited number of qPCR observations, we

restricted our study to four major diazotrophs. For

example, non-cyanobacterial diazotrophs are not included.

• nifH gene copy numbers are not necessarily equal to cell

numbers. Unclear connections from the presence of nifH

gene to nifH gene expression and N2 fixation activity.

• Mismatch of diazotroph abundances with predictors in

space and time: e.g. climatologies were used if

contemporaneous predictors were not available.
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Figure 1. Global distributions of four major diazotrophs’ nifH gene copies quantified 

using qPCR assays (a) Trichodesmium, (b) UCYN-A, (c) UCYN-B and (d) Richelia.

3. Depth-integrated diazotroph abundances are matched to

various environmental factors spatiotemporally.

Daily: solar radiation; wind speed (NCEP/NCAR)

8-day: sea surface temperature, photosynthetically available

radiation; chlorophyll_a concentration (NASA Ocean Color)

Monthly climatology: sea surface salinity; nutrients;

oxygen concentration (WOA); mixed layer depth (12)

Annual climatology: surface iron concentration (13)

Data are binned into 2°×2° resolution after matching.

Figure 2. Volumetric diazotroph abundances vs contemporaneously field-observed environmental properties. 

Points are color coded for density of observations (14).

Distinct environmental controls on four major diazotrophs:

1. No clear depth separation is found for diazotrophs.

2. Temperature sets upper bounds on the diazotroph abundances.

3. Light and nutrients modulate diazotroph abundances globally.

1. Machine learning estimates agree well with observed diazotroph

abundances independent of the training dataset.

2. Diazotrophs show high abundance in the western subtropical Pacific.

In contrast, UCYN-A is the only one predicted in cold polar waters.

3. Hotspots of diazotroph predicted in the southern Indian ocean and

South Atlantic warrant future field investigations.

4. Large discrepancies exist among various models notably in the eastern

tropical Pacific, temperate and polar waters.

Figure 5. Conceptual diagram of an alternative approach to model 

marine N2 fixation accounting for the granularity in the 

ecophysiologies of diazotrophs. (a) Distinct environmental controls 

among diazotrophs are coupled with (b) the distributions of 

environmental properties to simulate (c) global marine N2 fixation.
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• The distribution of diazotrophs is controlled by a

complex interplay of factors with diazotroph groups

displaying distinct biogeographic niches.

• Machine learning estimates identify regions worthy of

further investigation because they may boast

diazotrophic hotspots, remain presently undersampled,

or produce large discrepancies in model simulations.

• Combining diazotrophs’ individual distributions and

their activities may be a potential strategy to represent

global distribution of N2 fixation.
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• As key microorganisms in the ocean, diazotrophs convert N2

gas into bioavailable nitrogen (N2 fixation), thereby relieving

nitrogen limitation and supporting marine production in

many regions of the world’s oceans (1-2). Despite the central

role of diazotrophs, factors controlling on their distributions

remain elusive (3).

• Luo et al (2012) compiled the first database of diazotrophs in

the global ocean (4). The number of observations has rapidly

expanded since then, with new data collected in coastal,

aphotic, and polar waters (5-7). In light of such progress,

updating the previous database and re-evaluating the factors

controlling on their distributions represents a timely effort.

• Prognostic parameterizations have been used to model the

regional and global distribution of diazotrophs (8-9).

However, most models focus on Trichodesmium despite the

increasing appreciation of diazotrophs’ diversity.

• Machine learning techniques have increasingly been applied

to marine sciences, e.g. estimating global N2 fixation rates

(10) and net community production (11).

• Aim: To identify strong predictors of diazotroph

abundances, to construct data-driven global

biogeographies of various diazotrophs using a machine

learning method and finally to compare our estimates to

the ones derived by trait-based models.

Figure 4. RF-predicted global distributions of (a) Trichodesmium, (b) UCYN-A, (c) UCYN-B and (d) Richelia.
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