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History of TRNERR pt.1
● 1851: International boundary between US and MX surveyed
● 1887 & 1889: City of Imperial Beach & Tijuana founded
● Early 1940s: Border Field Auxiliary Landing Field built on 

Southern side of Estuary 
● 1944: US and MX sign treaty est. “Utilization of Waters of the 

Colorado and Tijuana Rivers and of the Rio Grande”
● 1983: Strong winter El Nino storms with extreme flooding, 

channel migration and sedimentation
● 1984: Spring mouth closure prevents tidal flushing causing 

hypersalinity conditions ; Mouth re-opened in December 
mechanically

● 1980-1990: Approx. 13 million gallons per day (MGD) of 
wastewater flow in the Tijuana River with chronic beach 
closures

● 1991: MX installs water diverter to treat 13 MGD but system 
overlflows and line breaks during heavy storm conditions

● 1993: Heavy spring storms causing flooding and 3MGD of 
sewage flows into the TJE

● 1995: Sewage flows an average of 1MGD
● 1997: South Bay International Wastewater Treatment Plan est. 

to treat excess wastewater flow and discharges in TJE
● March 2000:  Sedimentation in TJE Northern Arm 
● 2017: Major sewage spill affecting multiple SD beaches 

(30-230MGD reported, actual amount unknown)
● Major sewage spill and environmental education history



History of TRNERR pt.2





Background: Historical Annual Reports

- From 1986 to 2003 the TRNERR had 
NOAA Annual Reports done by Joy 
Zedler, Chris Nordby, and Julie 
Desmond

- From 2004 to 2008 Annual Reports 
stopped being produced however Jeff 
Crooks continued fish sampling

- No fish sampling done for 2009-2012

- From 2013 to present day, in 
collaboration with SONGS fish sampling 
as continued 



F1: Mouth Station
- Has the most direct exposure  to 

freshwater and wastewater inflow 
from upstream

- Sand and mud substrate

F2: Oneonta Slough/ Main North 
Channel / Seacoast Station

- Located closest to ocean
- Highly influenced by marine 

conditions 
- Sand substrate

F3: East-West Channel 
- Connects inland ponds and 

mudflats to Oneonta Slough
- Transition habitat
- Clay and shell substrate

Background: Historical Sampling Sites pt.1

TRNERR NOAA Annual Report Map 1986 SONGS Map 2013-2017



Background: Historical Sampling Sites pt.2
- All stations and majority of 

seasons  were sampled quarterly 
(Spring, Summer, Fall, Winter) 
from 1986-1991 and 1993-2003

- Mouth Station stopped being 
sampled after 2008

- Missing season/station data 
caused by either flooding or lack 
of budget

- Only the Fall season was 
continuously sampled from 
2013-2017 from Oneonta Slough 
and East-West Station 

- The SONGS map depict the 
closest following stations of the 
historic Oneonta Slough and 
East-West Channel

TRNERR NOAA Annual Report Map 2003 SONGS Map 2013-2017



Historical TRNERR Fish Sampling Methodology

Year Seine Passes Collections

1986-1988 3mm mesh bag seine and two 3mm mesh blocking nets deployed at slack low tide. Blocking nets closed by sweeping in toward center of blocked area until 
fish. Seines hauled until number of fish per seine approached zero. 

??? Quarterly

1989 Use of lower marsh was sampled with a 3mm mesh Flume net walls were 20m long, bottoms were 15-20cm and buried in sediment, netting stapled then tied 
to wooden posts 2-3m apart. Flume was 20m long, 1m high forming a chute. Cod end net was 1in PVC frame, 1m tall, and 1.25m wide connected to 3mm 
mesh conical bag. Monitoring done with a 3mm mesh blocking net and bag seine, same methods as previous years.

4-5 Quarterly

1990 3mm mesh bag seine, blocking nets, and channel nets. 4-5 Quarterly

1991 3mm mesh bag seine, blocking nets, and channel nets. 3 Quarterly 

1992 3mm mesh bag seine and two 3mm mesh blocking nets No blocking net in October. 2-3 Biannually 

1993 Mouth not sampled in March. 3mm mesh bag seine and two 3mm mesh blocking nets. No blocking net through June. 5 in Sep and Dec Quarterly

1993-1997 3mm square delta mesh 13.3m x 2.1m bag seine and two blocking nets deployed at slack low neap tide. ??? Quarterly

1998-2002 3mm square delta mesh 13.3m x 2.1m bag seine and two blocking nets deployed at slack low neap tide. 3-5 Quarterly

2004-2008 3mm square delta mesh 13.3m x 2.1m bag seine and two blocking nets deployed at slack low neap tide. 3 Variable

2013-2017 Seine Sampling: 25ft seine net and blocking nets are used to, seines slightly overlap to close the area. A net drags through and is passed through a 
seawater-filled cart and removed. First ten fish of each species are measured for length and all identifiable organisms are counted. Unidentifiable organisms 
are taken back to the lab to be processed and identified. After each hall organisms are released outside the enclosed area. Each 5 passes is a completed 
haul.

Enclosure Sampling: designed for burrowing gobies such as arrow, cheekspot, and shadow gobies, and invertebrates. Deployments are done at same 
locations as the beach seine samples. Five replicate enclosures are completed for every sampling station in which enclosures are gently thrown at ~3ft. 
Depth, algae, and vegetation percent cover are also measured. A BINCKE (folding net) extracts fish and inverts within enclosures to be identified, counted, 
then released outside the sampling area. First ten fish of each species are measured for length, inverts identified but not counted, and all unknown species 
are taken back to the lab and preserved for identification. Each BINCKE pass is a haul and the enclosure is complete once 3 hauls are pulled without 
trapping any fish.

5 Annually, 3 consecutive days 
in Fall (Sep or Oct)



Historical TRNERR Fish Sampling Methodology

Seine sampling (left) and enclosure sampling (bottom)



Results of Historic Data: 1930’s

Species  Common Name Scientific Name Quantity
DIamond flounder Hysopetta guttulats Many

Jordan flounder Eopsetta jordani Not many

Blenny ? Alticus atlanticus A few

Top Minnow Cyprinodontidae ? A few

Panzarotto (Topsmelt?) Atherinops affinis littoralis ???

Arctic sculpin Artediellus uncinatus Not so many

Pipefish Syngnathus leptorhynchus Many

Sunfish (Sacramento perch) Archoplites interruptus Few

Pogies? Brevoortia ? Many

Yellowfin Croaker Umbrina roncador Mostly at mouth

Mullet Moxostoma ? Many



Results of Historic Data: 1971 and 1976



Originally the Fall season was being analyzed since 

it had the most complete season for 2 of the 3 

stations. The graphs below depict the preliminary 

data of the 3 most dominant fish species within the 

TJE

Results: Preliminary Univariate Data



Without (larger) Gobies With (larger) Gobies

Mouth Station had the least amount of years sampled and there were no obvious differences with or without 
larger gobies sampled by enclosures

Comparing multivariate Fall data: Mouth Station



Comparing multivariate Fall data: East-West Channel

Without (larger) Gobies With (larger) Gobies



Without (larger) Gobies

b : Topsmelt (2.43m⁴) and Killifish (1.91m⁴)

a : Longjaw Mudsucker (2.45m⁴), Deepbody Anchovy 
(2.46m⁴), and Longtail Goby (2.29m⁴)

With (larger) Gobies

c : Topsmelt (2.43m⁴) and Killifish (1.91m⁴ )

a : Longjaw Mudsucker (2.45m ⁴), Deepbody Anchovy 
(2.46m)⁴, and Longtail Goby (2.29m⁴)

b: Topsmelt( 2.30m⁴), Killifish (1.80m⁴), Arrow Goby 
(1.69m)⁴

Comparing multivariate Fall data: Oneonta Slough



Results of Historic Data: El Nino and Oneonta Slough

With no real trends between fish species, El 

Nino years seemed to have the most effect on 

fish populations



Results of Historic Data: East-West Channel

All graphs include all sampled seasons of Spring, Summer, 

Fall, and Winter



Results of Historic Data: El Nino and Mouth Station

All non-El Nino years seem to have increased fish populations for 

almost all species of fish



Results of Historic Data: Conclusions

- Based on qualitative fish data from 
the 1930’s and small quantitative 
data from the 1970’s, the fish 
community compositions have 
shifted

- Decline in less resilient fishes such 
as longjaw mudsuckers and 
California halibut most likely caused 
by sewage inflow

- Arrow Goby populations continued to 
survive as resilient fish with short 
lifespans and high fecundity 

- From late 1980’s to early 2000’s 
dominance of Arrow Goby shifted to 
Topsmelt then back to Arrow Goby

- Increases and decreases of fish 
species populations remains highly 
variable

- El Nino conditions affect all species 
density



Future Factors to Consider: Peak Discharge



Future Factors to Consider: Salinity



Mini Activities: State Parks Field Trip 

Took photos for first field 

trip collaboration between 

the CA State Park and a 

local high school at Border 

FIeld with an emphasis on 

bridging science, history, 

and math.



Mini Activities: Monthly Data Logger Deployment

As part of the National Estuarine Research Reserve System Wide 

Monitoring Program to continuously take water quality measurements 



Mini Activities: Preliminary Fish Health Analysis
Longjaw Mudsucker: 

establish a health baseline

External Wholebody 
Assessments:

- length

- gender

- deformities

- external parasites

- gill status

- eye condition



Potential Future Collaboration: Fiddler or Blue Crabs

Tropicalization of Species: Fiddler Crabs and 
Blue Crabs

- How El Nino conditions are bringing tropical 
crab species

- Tropical crab species staying in San Diego

- Population density of fiddler crabs and blue 
crabs

- Fiddler crab burrows

- Effect of tropical crab species on native fish 
and crab species in the Tijuana Estuary



Questions?




