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Slower Growth, Longer Life: The Woodward Study and the New
T. rex
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1. Introduction: Re-Evaluating the Ontogeny of an Apex Predator

Since its initial description by Henry Fairfield Osborn in 1905 from fossils
recovered in the Hell Creek Formation of Montana, Tyrannosaurus rex has served as
the flagship taxon of vertebrate paleobiology.[1] Over the past century, scientific
reconstructions of T. rex have mirrored the broader evolution of evolutionary
biology -- shifting from early portrayals of a sluggish, ectothermic scavenger to
the "Dinosaur Renaissance" paradigm of a metabolically dynamic, behaviorally complex
archosaur closely allied with modern birds.

Central to this paleobiological reconstruction is ontogeny: how a hatchling weighing
no more than a few kilograms scaled into an 8,000-kilogram apex predator. For the
past two decades, the consensus life history of T. rex rested on a landmark 2004
paleohistological study led by Gregory Erickson. Counting annual growth lines across
seven specimens, Erickson and colleagues proposed that T. rex achieved gigantism via
an explosive adolescent growth spurt -- acquiring up to 2.1 kilograms per day (~767
kg/year), reaching skeletal maturity by age 20, and dying before age 30.[1][3]

In January 2026, a multidisciplinary team led by paleohistologist Dr. Holly Woodward
of Oklahoma State University, mathematician Nathan Myhrvold, and paleontologist Jack
Horner published a comprehensive reanalysis in PeerJ that overturns this "live fast,
die young" model.[1] Combining the largest histological sample of Tyrannosaurus ever
assembled (17 individuals) with high-resolution cross-polarized light (CPL)
microscopy and statistical curve-stitching, the researchers demonstrated that T. rex
grew significantly more slowly, reached asymptotic adult size only between 35 and 40
years of age, and spent up to two decades in an agile subadult phase.[1][4] Beyond
revising the metabolic budget of dinosaur gigantism, these findings provide
quantitative histological support for the taxonomic validity of the controversial
small-bodied tyrannosaur Nanotyrannus lancensis.[1]

2. Skeletochronology and Cross-Polarized Light Microscopy

Skeletochronology estimates the chronological age of extinct vertebrates by
analyzing cyclical growth marks preserved in fossilized bone cortex.[5] During warm,
resource-abundant seasons, theropods deposited highly vascularized, woven-fibered
bone matrix characterized by disorganized collagen bundles. During winter or
dry-season metabolic slowdowns, osteogenesis either paused completely -- depositing
a thin, hyper-mineralized ring known as a Line of Arrested Growth (LAG) -- or
decelerated into a band of tightly organized parallel-fibered or lamellar tissue
called an annulus.[1][5]

Accurately reading this cortical record in large theropods presents two major
methodological obstacles that constrained earlier models:
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* Medullary Expansion and Secondary Remodeling: As a theropod scales in mass, the
hollow marrow cavity (medullary cavity) expands outward while dense secondary
Haversian bone replaces primary tissue, erasing the innermost 10 to 15 years of
juvenile growth rings in large adults such as "Sue" (FMNH PR 2081).[1][10]

* Element Heterogeneity and Optical Resolution: Whereas the 2004 Erickson study
sampled ribs, gastralia, and fibulae -- elements subject to variable biomechanical
remodeling -- and relied primarily on standard transmitted light microscopy,[3][4]
the 2026 Woodward study restricted sampling strictly to primary weight-bearing
hindlimb elements (femora and tibiae) and systematically applied cross-polarized
light (CPL) microscopy.[1]

CPL microscopy exploits the optical anisotropy and birefringence of fossilized bone
mineral templated on collagen fibers.[13] In fast-growing woven bone, randomly
oriented fibers scatter polarized light isotropically, appearing dark under crossed
polarizers.[6] Conversely, in slow-growing annuli, parallel-fibered sheets rotate
the plane of polarized light coherently, illuminating bright birefringent bands
against the dark cortex.[13] Under CPL, Woodward's team identified numerous faint
annuli that were invisible under standard transmitted light -- revealing that
cortical zones previously counted as single years of explosive growth actually
spanned two to three years interrupted by seasonal slowdowns.[1][4]

3. The Revised Growth Curve and the Nanotyrannus Divergence

By integrating the newly resolved annular counts across 17 specimens using
statistical retrocalculation and curve-stitching models developed by Myhrvold, the
2026 study reconstructed a continuous ontogenetic trajectory with simultaneous
confidence bands.[1] The resulting curve shifts skeletal maturity -- marked
histologically by the formation of an avascular External Fundamental System (EFS) at
the outer periosteal margin[16] -- from ~20 years out to 35 to 40 years of age.[1]
Large adults such as "Sue" (~28-30 years old at death) lacked a fully developed EFS
in several sections, indicating active growth into the fourth decade of life.[4]

Because asymptotic mass (~8,000+ kg) accumulated over 35-40 years rather than 20,
calculated peak growth rates dropped from the 2004 estimate of ~767 kg/year down to
557.2 kg/year (under the study's best-fit NoXM statistical variant).[1] While still
vastly exceeding any extant ectotherm and confirming dinosaurian endothermy or
mesothermy, this flattened growth trajectory reduced daily caloric obligations and
buffered growing tyrannosaurs against seasonal resource fluctuations.[9]

| Metric | | Previous Consensus (Erickson et al., 2004) | | Revised Model (Woodward
et al., 2026) |

| Sample Size & Elements | | 7 Individuals (ribs, gastralia, fibulae) | | 17
Individuals (weight-bearing femora & tibiae) |

| Primary Imaging Modality | | Standard Transmitted Light Microscopy | |
Cross-Polarized Light (CPL) Birefringence |

| Age at Skeletal Maturity (EFS) | | ~20-25 Years | | ~35-40 Years |

| Peak Annual Growth Rate | | ~767 kg/year (2.1 kg/day) | | ~557.2 kg/year (Variant
NoXM) |
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| "Jane" & "Petey" Taxonomic Fit | | Juvenile T. rex (within growth curve) | |
Statistical Outliers (distinct taxon / Nanotyrannus) |

| Ecological Ontogeny | | Rapid 4-5 year transition to apex niche | | Prolonged
15-20 year subadult mesopredator phase |

Crucially, the composite confidence intervals resolved a four-decade debate
surrounding Nanotyrannus lancensis.[2] Two pivotal Burpee Museum specimens -- BMRP
2002.4.1 ("Jane") and BMRP 2006.4.4 ("Petey") -- had long been interpreted as
juvenile T. rex.[20] However, when plotted against the 2026 CPL-calibrated growth
series, both "Jane" and "Petey" fell entirely outside the 95% confidence bands of
the T. rex trajectory, exhibiting growth rates statistically incompatible with
reaching adult Tyrannosaurus mass.[1] Combined with Nicholas Longrich and Evan
Saitta's 2024 morphological analysis identifying over 150 anatomical characters
separating Nanotyrannus from true juvenile T. rex skulls,[21][22] the histological
data confirms ancient speciation within the Maastrichtian tyrannosaurid guild.

4. Ecological Dominance: Ontogenetic Niche Partitioning in Hell
Creek

The discovery that T. rex spent 15 to 20 years growing through the 500 to 3,000 kg
size bracket explains the longstanding "missing middle" anomaly of the Late
Cretaceous Hell Creek ecosystem.[1] Unlike modern savanna or Mesozoic Morrison
Formation guilds that support multiple medium-sized carnivore species, Hell Creek
displays a stark taxonomic gap between small dromaeosaurids (Acheroraptor at ~10 kg;
rare Dakotaraptor at ~300 kg) and 8,000-kilogram adult T. rex.

| Predator Size Class | | Estimated Body Mass | | Representative Hell Creek Taxa &
Ontogenetic Stages |

| Small | | < 50 kg | | Acheroraptor, T. rex hatchlings & yearlings |

| Small-Medium | | 50 - 400 kg | | Dakotaraptor, Early juvenile T. rex |

| Medium ("Mesopredator Gap") | | 500 - 1,500 kg | | Subadult T. rex (ages 10-20),
Nanotyrannus lancensis |

| Large | | 2,000 - 5,000 kg | | Young Adult T. rex (ages 20-30) |

| Mega / Apex | | > 8,000 kg | | Mature Adult T. rex (ages 35-40+) |

Through ontogenetic niche partitioning, a single keystone species occupied multiple
trophic tiers simultaneously, driving a top-down trophic cascade across the
floodplain.[1][29] Biomechanical modeling and stomach-content fossils from the
closely related tyrannosaurid Gorgosaurus -- where a juvenile preserved the
dismembered hindlimbs of small caenagnathid dinosaurs (Citipes elegans)[24][25] --
demonstrate that cursorial subadult tyrannosaurs lacked the cranial rigidity for
osteophagy (bone-crushing).[27] Instead, for nearly two decades of their lives,
subadult T. rex operated as agile pursuit predators hunting ornithomimids and
Thescelosaurus, before transitioning in their late twenties to the robust,
bone-pulverizing morphology required to prey upon megaherbivores such as Triceratops
and Edmontosaurus.[26]
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5. Conclusion: The Mature Monarch of the Maastrichtian

By unlocking previously invisible annular growth records through cross-polarized
light microscopy, Woodward, Myhrvold, and Horner have transformed the
paleobiological portrait of Tyrannosaurus rex.[1] Rather than a metabolically
volatile adolescent rocketing to maturity in twenty years, T. rex was an enduring,
four-decade monarch whose prolonged subadult development reshaped the trophic
architecture and biodiversity of Western North America right up to the
Cretaceous-Paleogene extinction event and the final extinction of non-avian
dinosaurs.
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