
GPP Supports 

Native Fish Growth

Figure 7. The relationship between GPP and 
temperature for all gage locations. These 
data represent only those GPP estimates 
calculated in low turbidity conditions 
(turbidity <12 FNU). By removing GPP values 
where turbidity is high (>12 FNU), we can see 
a more significant relationship between 
habitat variables and GPP. GPP estimates 
from 2022 are colored in red to represent 
warm water releases from Glen Canyon 
Dam.

What is Gross Primary Productivity?
Aquatic GPP is a measure of the total amount of oxygen 

produced via photosynthesis in the river (g O2 m-2 d-1) 

GPP is expected to be a good metric of aquatic food 

availability in Marble and Grand Canyon where 1.) the 

food web is largely autochthonous (derived in situ by 

algal photosynthesis) and 2.) there are not large standing 

stocks of less-palatable primary producers. Recent 

analysis shows that GPP is positively related to the growth 

of flannelmouth sucker in Marble and Grand Canyon 

Figure 2. Location of YSI sondes placed in the 
mainstem river just above the confluence with 
major tributaries. Sondes record dissolved oxygen, 
temperature and flow data every 15 minutes
* See QR code for associated USGS Gage Numbers

GPP = dissolved oxygen data 
combined with flow, gas 
transfer, river velocity and 
light data to model GPP

Study Design

Figure 4. Reliable GPP 
estimates date back to 
2012 for four locations 
in Marble and Grand 

Canyon. There has 
been substantial inter-
annual variation in 
GPP. Mean GPP across 
all years and locations 
is denoted by dashed 
gray line.

GPP is regulated by many dam-altered ecological drivers including turbidity, water temperature, and 

degree of hydropeaking. Phosphorus concentrations are also likely to co-limit GPP.

High GPP
Low GPP

Figure 9. Growth vs. starting 
length relationship for 

flannelmouth suckers at sixty 

mile under high and low GPP 

conditions when the other 

variables that influence 

growth are held constant at 

their means. 95% credible 

intervals for mean monthly 

growth are shown for each 

growth vs. length 

relationship.

Figure 8. Smoothed predicted mean monthly growth in length for 
a 200 mm flannelmouth sucker for four reaches across month 

intervals together with mean values of environmental covariates: 

temperature (red line), GPP (green line), turbidity (purple line) and 

flow (blue line). 

*This Information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is provided on the condition that neither the U.S. Geological Survey nor the U.S. Government 

shall be held liable for any damages resulting from the authorized or unauthorized use of the information

Figure 6. At the sixty mile gage location, mean estimates of spring and early summer GPP (black points, with standard 
deviation whiskers) in relationship with environmental conditions: temperature, turbidity and phosphorus.
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Figure 1. Example of diel 

dissolved oxygen curve used to 

estimate oxygen production 

through photosynthesis. This 

example contains two days of 

dissolved oxygen data.

10 Years of GPP Data at 4 Locations

Plants and algae need light, warm temperature 

and nutrients to grow. In the Colorado River, gross 

primary productivity is limited by temperature, 

turbidity (which limits light) and flow.  We also 

expect phosphorus (a nutrient derived from 

minerals), is limiting in some locations and times.  
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Figure 5. Monthly variation in gross primary productivity and potential controlling factors. GPP peaks in spring and summer in 
Marble and Grand Canyons. Lines through boxes represent mean values of parameters within a month. Boxes are the 25% and 
75% quartiles. Whiskers are the ranges.
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Figure 3. Mean and 
10th and 90th quantiles 
of historic GPP data 
(2012-2021), 
overlapped with 2022 
data for each site. 
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GPP: a Dance Between 
Phosphorus, Temperature and Turbidity

Fish
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Increasing temperatures generally 

lead to increasing metabolic rate.

Hypothesis: We expected GPP to 

increase throughout the mainstem 

Colorado River in Grand Canyon in 

response to warmer river 

temperatures in 2022.

Alternate hypothesis: Increased water 

temperature leads to increased calcite 

precipitation which can bind 

phosphorus and make it unavailable. 

This may limit GPP production under 

warm water temperatures.

We saw elevated GPP with warmer 

water temperatures in some but not 

all reaches.  At sixty mile, GPP may 

have been limited by other factors 

such as phosphorus. 

Increased GPP is related to fish 

growth in Grand Canyon. 

Flannelmouth sucker, a bottom 

feeder, grows more quickly when 

GPP is higher. 

+ or -Temperature

+ when calcite binds Phosphorus, making it unavailable 

under warmer water temperatures

- when warmer temperatures promotes faster 

mineralization rates through decomposition
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